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Preface 

Aith in the Lamsdecade significnt mtep, ha been takn to narrow Ow hcgie 
urllal ; echnoiopv gap anwing counitries. NeLw initcernat total :tgrietdturat Itrcarh 

(-enlters hav~' C.tahliIMi anid evelj1 Cingiit'en eM~l , a it it inber of dC% ci h tVC 
mnade subs; antial1 proglv S in irnibttnlhi a jonl gr'iCltul reCtitai'ch 
Capacities. It is estimlatcd th at WOrld C pend itureS aO i l inr I'Vresc (inl 
constam 1971 U.S. dollar) hTA riswl n approim~lv $1. Itiln in 
1'959 "1 W3. illin ini 197-1. Inl the less developed counltries of' Latin 'Anier

iA, %friC, and , Ibc estilln~lt 'd inCVAt rt:'ValC t u rA63t rei'n rbCxpnc)L)i1U'! lilt'h 
sainic periiod was f;'oi $141 million to $:957 million. 

Theii Creation of two internationltI atgricultulalITreseitrlt itiutes inl the 
t aty I9611o itn a e Signiia:it-faCto:ntl' te p h n n o ilinthe waston aln imiporat inl thlise Stn',g aioflreSe.ar'Ch neten.''arero cs of' l,-r-ul 

:. uC~t 111C I']c iTtrb1itC hua cs~r':i, !ul), h noh l) aLD lCO'S(SLY tis 

were raidly96:tanP Inddpmi Iit: a A it ,fi and lpoeiilAme~ld th l Wheat 
(IdIN". l(Ice(Iij, Y is wellin k , .d' irodcont pnlcrlv11 ifI knw;il ilstory 19(6':t,,ntC: p 

Sll!greenl~c asvall;ct ! :T. !A 9 intn t ~i0 tio. W a - t t;t- c
, n 

ThC~i~i~isi Cli ! usg' Tind' ? d d short
d L -111ny1A c Of t ; rslrcnd : !. / Y :)Lvar w 1t1oel l j. 

wcr-ei'1'aj ada•~! ' ) 1 l -ia and Lai "rica. dl. :1-(1: I nd and' 0 'i. :l,l~es dch liohcd ctunIt Lc (DC'se .)Iihl 

, 

/i 4l< 
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P R 1:F ii 

Ti'he view that effeCt ire research C iy ildevlopin Conti i is pima

. ,,y neans to raising agricuhlit ral producthityisi now widely shar. TIll WoIld 
Bank, the United States Ag , ,for Incni tinaF DevelopmLnt (USI)M,\i))and 

sist anice Iilrestinleln inl zgrieuttilrsrlt inl deve-lopinig entitrics has grown 
rapidly 
-epandI, 

in: recent 
researcih 

years. As the agriulttn.%Il IesCearch systCm INs Cnntinitied 
prodUct ivit and isc-sarch rlsorce allocation have lc il 

to 
e fn 

: important issuis foi'. deleopmie:t piaiocs anld scieonce mat11agers. 

Ill order. it) cS1zill ine ese issues," anl intela tionlti Collference was hld at 

r 

Airlie I oiuse, Virginia, in inw:ury 1975, Thc confe'rence had two main objCec
tireS; to exam lln Icn Videnll in th1e rCItiiS tO ilCstlnln l ilaional aid 
i m tiiernaiinal agricultuiraltrTse;Tch ste sICI;31nd to e.xplore the "ILvtce of 
social and economi)ic fact ots Co r the cirganion an inan geinlnt of noltin ilu 
andi(] interiaitional rcarch systclls. Techiic.al issnus. relaml iihthe ntasur - .e

ien of' research productivity, th1L plaininll of ieSeareli pir1rllll, anl ih e 
Ianageli'lit of researcT Ssi ms'erl'l ailso Li iscssd, 

. The Cil'ercI:e: drew togetlher oivac; fifty Iurall tsciitt, social scientists, 
antd ttdi ttis trtlots ic in) nat io)nal andl int ernttion al rest'a reh itgcn vies, solme of 
whotii wore more t1hiti .licihat. Tlhe f0ima-t cf tile ioilftIL-1:1ce2 \.w;.t sontewhittt 
Li o t'I.l{lhliVtid l pa se\T re iV1 t(1 1r d hut r ii ci c icci Iat d Iflf c ith 
met'ling a, i'a liv som mlimritecl :tt the Ci cltl e hIy pIrcst'lectcL( sdiw~a: ts, 

" Sv~,nCril of whoseL c miCOillaris pirv S.o stim ulating :ld original Int tiiY 
* are included in thisv,,tite (chiptcrs 26 and 27). Most (if the confetelice, thcre

fore was delcI to whal tti tied oit il teICiI rich :11tid rig0 'llS disCtISSion.l" 
. I'ctliillJw t le Cc0 11ti'Cc, coot ritrtllors e'Ceaskel ti'evieW and t.,sC 

their papers in ilte ligllt of' ihe disC ions 1,L.he revise(d paplos wertihcitO Lwiit
* ed and ,'etrttiied toil,lt idi, S for chittrfurthet eiew, a ptin stl:tii, roess 

whi ich W:ts Conupileid in N vb'eIll' 1975. ,As Ihey aippcl.. ill this ioltt, thle. 
t\v c y-eig!ht pape"Ii- r I c heei urgt Ii .. l . ..incto siXoS etiiil1 Tiot ly,:1, l1Prec Ld' 
h) aii ittrLdtictlin (l1v Thomas M. Ariutd t aid Vei otl W, utiai) wh hlii1 i - " 
Ii lls th iaii issi lt isc 0sSed at HIc .oIlfetencc, 

The first sectiull of this iook is dco'olcd ito a series of Stlidies of tle nv
ndiwlivity of nititeiii tLeatrL'/ XSYc'IT inlbol it-thI'p'L'dpo and less tievelupei 
cl)Lies. Th rc iwo papcirs on lie orglan i/'atioll itd prldi tivity oli" I-. 
sca'ch sysemtcns ii dvlopeC I coo tricties: ti ,e first (hry'uii o ia\;1ina it1ilasa
;a tsotAlkino) descrihes the nati, nitl-ptcfe tt'al sysict in llaCan; ie c'oni" 

S * 
(it)' Willis L. PetersnI JSctph C. lqiharris)idiscussts the f'ele'al-staIte sys-_ -

ten i ttite Unlitd states, Therc :tt'eilso two ltapets oil ti'ctrns to ivIIstli tit 
in :lgriccultct ,airseatci i del odC\'ptpll co intries, tine (Intwhitiigtlps in Cil0n1b itiim
reXIletiCtICU (hy, RCed Iklertord, Jorge Ai'dia, AuidlcSiRoch itlad1 (ROCIo,I10 s Ttllj i.. 
i) ittd Oti foctSiiig upon1 India (by A. S. Kahion, P. N. Saxenat, Ii. K. ial, 
and I. ay; l lt l Jita). 'h1. final p:per il tI is section (by Reed.I ileitLIdit'L licd 

.. .. .. .. . .. ....... , -I ;: 
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Andrew Schnmitz), 1)mprcpar after the conference, reviews some of the thcuret
ical foundati s ad injpiricl considerations iniolv'ed iihe cluiolu 
of ret urns to research, .']'ii Sd i ludles! : =' e~~~bilticti tlitc iitpci~s ofilthe J~odiii h ;icifjiliti'ri-


-MV' 
::,:..,'The Second Sectionl il)IL(C the i ie1)ol~ill) )'~t)nI 

the impact of the ChIMYT and IRRI anetal divlopment programns on wcat
c IinAlSia.% e.l. Robert 1.. iPvetsoil)a.d r tion SA lUcondptper (y ievicws 

historytile of cycles in sestarch Productivity and in international diffusion . 
patterns Ior three commodities: sigarcalne, \\ihe;it.and rice. A third paper (akl
So by 'vlnsol) presents ncasures of the rates of return to the rcsoutces in
ve d instcslaecreh at IRRI and ChIMM fourth paper (by V'oav 1Kkitv)i 1\ ain 
an attempt is made to develop a horetical 2lodel of applied rcscarch oln
sistent with tihe historical V,:pericnce rCviewed in the earlier picrs in the first 

twosectins t.
i.n
 e t h ir d S eC il iS e om di d de ' op t t ."t .. . .:.~~~~~~' t io . 'V U' d1l0o~t il ga ( l oll ou h 

7te1.,atio17 ' Iea e .it em. The' first chapter (by,i r b "!I-rdt1n-0 r S isttl) 
Crawford) traces the dcv.cit ,nWnt Of : SsIVttl for rf,,,,, and 
dtina dig l'nstttutes, Spearheaded b,thle Ford and R fel1. ..ef(k!cr un
daos g uied by), Agricvu!ithCont tamie Gnrtmlp on l ternat ion atl 
tutr, Rs ltch,..The proi ,tins hatI1., 1 . ',Cld , ' t I. a,i*:''pIO ,'Oelser
culition of the research pro'lranis of ihri It ationIl and national ste6s0-1: 
am oni iud by the dIirctmr od IRIU (Nvl:A U. idv) and bhe dirctor of 
CIMAI'iI" (Ilaldore Ilainson). Tihe iroblemiof establishing cffci'tiv,c working 
.. ,ht\eCen tie intcrtiaitonal and nationil ricultua: research svsreitiiship.S 

tetms is hen reviewed (by Sterling WVItm1t). 'l'hct
fi iillrthis section 

T(byurton I..Swanson) precits i cotipmiwt of timpt ofhe InRRI and 
.CIMh. . ntini p ogranl ......

sciciuists who have Stiudied at these two iitstiutcs.-r
 

TheCfoitilt sect in,,is dcvo 


ott te cI(u: pttiCn%.a d fnttidcnss of young 

ted ies ietring dirctly on tie orp,,,i:,liol 
(?1 manaitemi'nJj a"ricllttr,!rThe'c 'ti'mns 1 i. first paper (by lbhe 
H. MOseian) outlines tliecvolution of coordinitd nation ilres.etrth pruoict i 
fur improving food Crop prod tuctihn. Two )ors focus oil Ole prtobl in of r-c-
Organizing and refoni ,,1:ti11a ,.tsCach sYtts: ii tle United Kin loni 
(by liln 1,. V. Ulbricht) and in Btrail (by j ose Paistore and I"liscut R. A.A~e) 

---- Next., thle contribution of private sectIor internlatinna! agjrictIhuldII.r I bi 
described (by S. M. $chgad), laSed Onl tile CXI)perienee Of lPiOn)CCr Ihi-Bred Intel
nationald, -A- stei tis -a pp roach~i to resec~ih resource alloucat in is theniiOutli ned 
and evalhated (by Vet. Vlsiiup Anduicisvi and Dv id Frainklin). Thei finail chap
tel-ilin this se.ction (by C: Richard Shuniwav) pri-nts ;I rview and] i. alu iiion 

litinaturc onloif tlemt formlal ulodeIs and mli touds Ifor allocat ing resultreco.s itl re. 

'Yhe fifth section vi llstile I-Ole of orollomic anld Sociali actors ill re'-L C~ 
IC
 



viii IRIEFACIE 

serci'T r'.'So Ur'c, )Dlane F..alhcations. The first patper (by Martin F. Abel and 
Wesch) outlines a thleoret1iial model for exploring tile relative effects of en
virountental constraiitts and ctommodity mix on research reSour'cC allocation. 
The second palpetr (hy John \V. Mellor) is dcvotcd to allcmpirical ev:ltatioo 
of titw efcfects of effo,'ts to elate I'e,:tl'ch re.solIttcc allocation to altcltati\e 
goals such as lalui absorption. In tica third paper (iyJ.1.l]0iliallh (';Castro 
and G. F'dward Scintih) the u1sCof an economic Moldell to establiSh rsca.Wich 
prioritics, Ibaed oit Iii a,'ili~aI at1, is ilustratcd. The roh' of Isoolre cold 
nerits and Irelative pil-ices ill tile choice of itllrlativ. paths of tekt-niilltidlt'ill: 

cal chalte -- that is, libor saving v\l!o. land savi'n., " is diocimnted (Iy I ults 
P. Bilm":.Vtnlit'). Th l ia paper ill Aln (ie Jian IIeitIt s atlhi.'sCtiot (h 'TY) 
tlheoetic;il mIoilci of di.iictic:1 ittllrIction hct'l ccn technical :,nd instiitt ioo

aglic llttl'C stly;(t..ls import Ottal ch llgc:t ill which direrlion.s for fitut' Ive
search. 

The fioail sclnio is dcvoltd to disco'.sin of tile rc:-':rch strat,.ys .!!(hmn
aid Ct t it lt]' i,;v 0 

anuil the productivit' tiatitu:i ',,'l Tl. I"iifirst 

al~t't-ite t is.'ics that wyill ./',lf:,' 1 ItC,'i, ,I/ ;,',',:)/-l, .'(,; 
ol It,..ti' l 1 ' papc: (hy A. T. 

Mioshcl ) s dc oitcd a di.cits.it l11 i l il thSlto l it .,ht'd i , it's t ;uilit iix tf 

the irtcilati ; d iicA Secotd lhcii l iil'oi I ll. cs-.,v Ov 'I rc WV. : 
oit t ilt ihiilll i pthliy 'it h ,lt ,iith t1ti -Iic of .'t in i:; ''cc tu,I t s ;l! 

riciltura I t cark h. 1 thC I pil p ut"( ', .I.G;.i ,,it It! iI u . ;i) . tt
J)IlIh'mIS f:!Linl,,],r + L.c( ;rotalm l Irtcl 1".11it,,I'dA l ,Lt111111 (OWhe it.,',ch 

aild its "'c.-.hi , tkilC;otiuoidl d'ti fh Ii to ,tit',tt hl 'ldl '' t' th'l iu;k 

\V;[ '[lie A hl -!W It'11.',tl',tillS+,iOc\+1,111Ii\GII il If., icu ic);:, :ih l\I t. htTI - ru 1I l O,, . ,. sIIc 1v.(iuApI1 t)!.Ir imlhpt I ' , .I1; tI!l 
G cr l'v , it; l i, ie ttite , u I A I rit i 1 the. Ih r i itl s m.stl tt tI t'I t "It. ; .t;!IIo cld c ~ i Iv I'.l.,\kI,tit tfl,t W. Iilc nti i,;tl D %vcloiplllcw Pr-! 
astcisIll f ci iM!ll.CitiLr ti% id l't- titIi;Ciiieio rite ittin o 1),lt et. !ili hi 1ees ak. C.~ th ; , !c , \VI 'iu lti Fo..od'I-m at tilCt'Pc it'.1 i:11mN of Ym.ll:, I'~lll l , ;, \cr0Uivesit.I.L\l:1111l(It ' 1tA,t 

1eti c,IIi. 1*
 
\Vahcy1.. th lh,.'l.I c ,trllk':l .,\) t. s lI 111='111C
Icv of. Ij i,'ltillc; "I.u'\NI 

tAlu'icuhtll]I)nchncl~l C:ounlcil, III(.; and F. R. \'Wi'tiu'!wrt of dwc Patller 
Pell Co. 

Tlhe A ldiC i~r n COI,.idC :rahk, Is :1,1l
]h0u1-A' COllf(TC-''CC x\%';Is i peil)C I,.,,'li
gtround I)\ thc Imittcriallsntcd ;and diwiu sst-L :Il(,arlit'l"p,-'. ;i .symp,ittttill 
Resoutrce'Allcaition in Agrictllm-al kxt'staich held at tile tjili'cr,,it)"of ,Alifillit" 

http:di.cits.it
http:strat,.ys


so in.February 1969. The rsults of tile Minnesota confelrnc, vhicrlfocused 
onianve oif the saics isulii cylsiILcd it Airllc Htome but from adomestic 
(United Statcs) iewipoint, were published inl a hook edited Iy Walter U. Iili l 
and intitled fl( ouneAllocaion in Agniotural Resear (Mil ilepohis Uno-

Bloth the Minnesota and Airlic Ilouse conferenices were oriented to formal 
researich carrieid out at nonprofit intithitioes anl supported primarity with 
public or philainthropic funds atnd, to at lser extent, to resec CiI Itonkit 
by privatc firms. It is recognize~d however, that significant tcihinical improve

t'liiveii't'of titincaoii "ii1971) 

lenits may> also result fr om inforinl researcth by farmers themselves orhby
imallll i .iriSimple select1ion of improvidiii ieltes of seeds hISt radi

tiolalynbenililoitlltSouce f varietail dc opment andt yield increaSC!. 
III tile oildfmehniatechnlology, simple but effective mieclhaical deices 
invieted h fi iii is or mcdi ii.i icch is iSmall iri atitmon md ifit ion 
equipment, conti to prov ide ma. of th models for tpnlientpdlili .gi.ieri, 
manufactureda di iaketed hy'lirger fiirm Ti ii ork oif hoth iit.mrl ind 
ititernational rescaici prograi i .iii iibuilds oiliithis ind :i'ious IciwI
nolory. Thus ileli:ttl iaid)s 1a1ioi m mat rLSCaid. in tthiS itmC, is 
tenial importiice tholilnot tgo ,u mreognmicd. 

']tIlL structurii oe u'liCr :a twt at itsc ii differs sonit hile th. 
developcd and ti esi developed l tioM. Inl the developed( countime', researchl 
is conldtieted boil t\,b ministiesc (or deparmntsm) of' agriculi tire anmd b ' Col
leges 
been 

and unieiti Itc l the CViioping 
mluch iort. stoonptv coniciitla iliel 

111tiiS meSirteb hasllhdtit oklly 
I cciahl ii aills of tile nmmiiStirlis 

of apriemilitii or In intotionwums, tiiniiodi: v-oricnted irescar tinmiitutre._ Cot. 
leges of agiricutilture in eul ,!l l t,,iric, hive listiili Concent iated on 
teaChinlg, ibboh(II inl SOnC CISCS they' bIlk' tionII sgifmant research (tile 
pciptilai rice varic't) (A1-03, for instatnc. \\,:Is developed by thle College of Agli. 
cult~uie at the University of til( P'hilippines) ;Int mlay, well phy a lalmper mtol inl 

thle fuiII.C A palper onl "Amticol i ion o(f tile Interniational sy siemiiwith Other 
Regional (Jiganli/,monls: Miii miand Universitv , hi' Jose Di monl ii iiomiginl'~ 
I> schedul 
Vonld i 

for tile mifi rclce bt iunfor tunately Dr. lriton, for icasous li'e 
rol, was uinable to prcp.lc th oapro-to partcpt inl t he d 

We would asli ei iphalisiz'e thlat, whuile tIiis i'ohmmec focuses Oilthi- 11 
po K,11eoPiproved techllolg! i n ill(- rccs of agricult ural developmenr, 

we are( YIllte aware that it is lnot the unvfactor.A host ofother forces .- soc~ial, 
institlition it, ecoinoimi c, and tectmnkal bo14th Inlfileni thle adopt ion of tech
iio1lg a11d Scm.thle Stage foi' tile CoiplON of (1111cr chimilges wihich must takec 
plac iltinleh pro~ess of agricultural uit economiic de\'cdupieint Alt hotigh imm) 
pirove cclmholog' ila) he the key faemLOr iii some1 Soc ieties, inl ithls it mlay, 
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not. Improitved icchiltdiogy aloiit is ClearlyV not) utitaiiollilit)0 agi ictiltoital ile
vecimcmn. But if the propcr forms of tcClIlOIOj' can gcCIatCI;I~;I 1c1niCitIll' 
thiough i(:ciarch, The d"cilopinctitl Proccss Ciln i-tecn be fI';ciliImd. ht is our. 
hopt, that this \ 0ltilitL will cout ribte to l hI)ttc. uinderstaningit of* titc loll: of 
rescaich inl the pjtiicss Of tcC~iitI cliatl't Ii] (if the role Of tchlnical cltatnge 

in gticitltal diclpnIti. 
Tllc conduflct (if tllu Airlic Hlm.s conlfcITlic :1nd IIIC prcfiitrii ot Of this 

V0o1utuc1 haI,%hcCII I)ih( ific ony tInIOuipll th. liip (if Iii tts illdiidftllk and( 
SC\vcra;l inlstitutiOnls. ThCw 00tuf(AtIciTi jtItI;IIIiI, COi~tllitice C01ittM01 of lROIlurt 
E. VAcnisol, Walter L. FlitI mitd \'crtnu W. Rut ta. '[hi (confc-kieii %Vas 
S17101"ISOtld h\' IIl .\liCU11imn.t ln'cil intenlt Concil tntdct it, Rcsc:Ird ;hl 

t ra ct \\IIIIlt I St; I,,t I II n "\kf ilt jitcIr \!cI k~tti fotI' nI IM 11111I I Aut-I 

Iswitl t fi ) lu0.1llC1: It Hin I!1-1si~t l'i 10ill Itar Cof. . I'0 i 0SIi lv if.

hyI ll )Icill Bankl. i aJ :, ji i\teSh .f'lil 

11'(141 'CIit ','1 IIfI) JL'IP It \ . 11l. t i M A M I, X I lt 1!ol) , 

Ill~~il.CtiliC~~lk\ V(\ isc~ [)!~ Cl: fu Ik , l itc I' li f io l'd ). I ' 

:('%1 101Cai IIL' 1 111' k-1! : 111AANT ll !Icl o !".U., h ! .I1.W l 1, 

WPcit1%ollilli" I.. 1"Ill \lt tt1t nlk n r)(1 ','. 11'l Oftt 

.and oir I 1) l, ~ II-ilI.vck k!)76iIn c ilc~ h ., f 

i 
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Environmental Constraints,
 
Commodity Mix, and Research
 
Resource Allocation'
 

Martin E. Abel and Delane E. Welsch 

The purpose of this chapter is to show how the allocation of research resources 

among commodities and the effects of such allocations on the output mix de

the initial production conditions, (b) the nature of the research 
pend upon (a) 

the demand relations for the com
(c) the nature ofproduction functions, 

and (e) the existence of dif
relative factor endowments,modity outputs, (d) 

used is a two
ferent types of environmental constraints. lthe basic model 

in
factor, two-product model in which certain kinds of technical change are 

troduced. This model is presented and discussed in the next section. The third 

section deals with the effects of technical change and of demands for the out

puts on the product mix. The role of fact )r endowments is the topic of the 

fourth section, which is followed by a discussion of the effect of certain types 

resources and the on the allocation of research
of environmental constraints 

are discussed in the fifth 
output mix. The policy implications of the analysis 


part of the chapter.
 

Tbe Basic Model 

To analyze certain questions concerning the benefits to be derived from the 

need a theoretical model whichI production, wediversification of agricult', 
in production functions, factor en

will enable us to trace through changes 


dowments, and relative product prices on output, income, and factor rewards.
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but useful model for looking at the influence of technical changeA simple, 

on the output mix is the standard two-factor, two-product model of produc

tion.
 
or aLet us start by assuming that a region (either an area within a country 

country trading in a larger, world market) produces two goods, ql and (2, 

with two homogeneous factors of production, L and K, where L is the labor 

input and K is the land (capital) input. Total factor supplies are assumed to 

be fixed. 
Production of our two goods is given by the Cobb-Douglas production 

functions 1ql=¢l~l~l l 1 - a 

1 LIaK 
1 -a-- =I 1 ITr' I a0a)q1 

0 b)- - r2L2 K 

are indices of technology.which reflect constant returns to scale. r1 and 72 

In addition, the fixed supplies of labor and land (capital) are represented by 

(2a)L + 1.2 = L 

Furthermore, we assume that the factors of production are f,"" employed. 

We can derive the expression for the slope of the production possibility 

curve, which is 

a + 0(b - a)L -=(bR)l-a(aR)O-l 
1 a+(b-a)Qla-O[ 

La+b-a)(7 01+00
d 2 

where, 

LE 

a - aa 

b __ 
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The reader is referred to Johnson and to Abel, Welsch, and Jolly for de
tailed derivations of the production possibility curve and methods for solving 
for the outputs q, and q2 , given the product prices. 2 

We can consider two possibilities with respect to the influence on product 
prices of changes in the output levels of our producing region. One is a com
petitive environment in which both product prices, Pl and P2, are given to 

the region and do not vary with changes in ql and q2 . The other is where 

changes in either q, or q2 influence the levels of market prices. In the first 

case, the region will face straight line iso-revenue curves. In the second case 

the iso-revenue curves will be convex to the origin over the relevant range of 

output. A fuller discussion of the price (revenue) side of the model is con

tained in Abel, Welsch, and Jolly. 3 

Our model assumes Cobb-Douglas production functions to be relevant 

throughout the full range of production -from complete specialization in 

ql to complete specialization in q2. We would like to make two points about 

this assumption. First, there is no need to suppose that the agricultural pro

duction world is fully represented by Cobb-Douglas functions. Other forms of 

production functions, such as quadratic or CES production functions, may 

be more appropriate in some circumstances. Second, there is no reason to ex

pect a particular form of production function to hold over the full range of 

possible factor substitution. At best, an), given form may be a good approxi

mation over a given (and sometimes small) range of resource substitution be

tween the two production functions. At the extreme ranges of substitution 

between ql and q2 the production possibility curve might exhibit either a 

complementary or a supplementary relationship in the production of ql and 

q2'
 
The model presented above has some interesting properties. Most important 

is that the production possibility curve will have little curvature for a wide 

range in values of the production elasticities a and ft. (This result will hold 

over the range in output variation for which the Cobb-Douglas production 

functions are good approximations of the real world.) This has been clearly 

demonstrated by Johnson and can be easily verified by evaluating equation 

(3) for alternative values of a, 0, and 9.4 From this result, it follows that the 

sensitivity of the output mix of ql and q2 depends very much on whether the 

producing region operates as a price-taker or whether changes in the outputs 

of the region influence product prices. This is illustrated in Figure 22-1. One 

can easily see how slight variations in the product price ratio, P, would cause 

large changes in the output mix along the production possibility curve f (ql 0 ' 

q2 0 ) = 0. 
On the other hand, when our region faces downward-sloping demand 

curves for one or both products, a high degree of stability in output mix is as
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q,
 

q~O
 

A 

P 

0 q2 

Figure 22-1. Equilibrium in production with either fixed relative prices ordownward sloping demand curves. 

sured. Exogenous shifts in the demand curves for the two products of our re
gion will result in a rotation of the conic section represented by the iso-revenue
line TR in Figure 22-1. The less the curvature of the iso-revenue lines, the 
greater will be the effect of exogenous shifts in the demand curves on changes
in the output mix. In other words, as the price elasticities of demand approach infinity, the situation we assume to prevail under a competitive frame
work, the curvature of our iso-revenue line approaches a straight line, and the
effect of agiven rotation of the iso-revenue line on changes in the output mix 
increases. 

. Technological Change 
We now wish to examine the consequences of certain types of technological
change in the context of our two-commodity, two-factor world. National re



CONSTRAINTS, COMMODITY MIX, AND ALLOCATION 465 

search leaders are faced with the question of the allocation of research resources 
among commodities. Even if research administrators follow the t-ayami-Rut
tan prescription of generating technological change of a type which is consis
tent with relative factor endowments and (undistorted) relative factor prices, 
they are still faced with the question of how best to allocate research resources 
among commodities.5 As we shall see, the decision on how research resources 
are allocated depends not only on characteristics of the research production 
functions, but also on the nature of the demands for the final products. Three 
alternative situations are analyzed. 

Situation I 
This situation is presented graphically in Figure 22-2. The following as

sumptions are employed. 
1. The initial production possibility curve, f(ql 0,q2

0 ) = 0, is a straight line 
which implies a =0. 

2. If ql and q2 are measured in terms of the same physical units, complete 
specialization in q, results in greater output than does complete specialization 
in q2 " 

3. Our producing region can face either fixed prices or downward-sloping 
demand curves for its outputs. 

4. There is a fixed research budget which can be allocated between generat
ing changes in 71 or T2. Thus, we are concerned with determining the opti
mum allocation of research resources subject to a research budget constraint. 

5.The research production functions for TI and exhibit constant rer2 
turns to scale. For simplicity, we assume the research production functions 

0 1are of such a nature as to make ql0 q II= q2 q2 . The latter assumption im
plies that the two research production functions yield identical absolute in
creases in production for equal research expenditures on r 1 and r 2.The anal
ysis can be modified in appropriate ways for alternative assumptions about 

0q1 q1
1 and q2 

0 q21 ; e.g., a given budget increases efficiency in equal propor
tions for ql and q2 , 

The implications of our assumptions are: 
1.Allocation of all research resources to increasing T1 results in a new pro

1duction possibility curve f(q 1 , q'20) = 0. Similarly, allocation of all research 
resources to increasing T2 results in a new production possibility curve f(ql 0 , 

q2
1) =0. Under the assumption of constant returns to scale in the research 

production function, linear combinations of research expenditures trace out 
an innovation possibility frontier which is convex to the origin. The innova
tion possibility frontier represents the highest output combinations attainable 
from alternative allocations of a fixed research budget. We can illustrate this 
result in the following way. Assume that research resources are equally divid
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q1 

I 

0 1 - q2 

Figure 22-2. Technological change and the output mix with constant returns 
in research - linear production possibility curves. 

ed between increasing T1 and r 2 . a newWe get production possibility curve 
such as f(q, 2, q2 

2 ) = 0. The line segment CD represents hiher levels of out
1put than are attainable from either f(q 1 , q2

0 ) = 0 or f(qj0 , q 2
1 ) = 0. If one 

rotates line f(q 1
2 , q 2

2 ) = 0 to reflect alternative combinations of research re
sources one can see that this traces out an innovation possibility frontier 
which is slightly convex to the origin. 

2. If the producing region faces fixed prices, it pays to specialize complete
ly in research, and there will be complete specialization in production of either 
ql or q2 , If product prices are such that their initial result is complete special
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ization in ql at level Oql 0 , our producing region would benefit most from in

vesting all research resources in increasing output of q1 ; i.e., generating the 

new production possibility curve f(q 1 , q2
0 ) =0. The reader can verify that 

even with a range in relative prices which would result in production of either 

0q1 l or 0q 2 
1, total output would be greater at 0ql1 and, therefore, increasing 

T1 is superior to increasing r 2 , If prices are given but result initially in special
0ized production of Oq2 , then the converse of the situation above holds with 

respect to technical changc. (This would not necessarily hold if f(ql 0 , q1
1 ) = 

00 were sufficiently different from f(q 2 , q2 
1 ) = 0.) 

3. If the region faces downward-sloping demand curves, not only will the 

region produce a combination of ql and q2 , but also the highest level of pro

duction is obtainable from allocating research resources to increasing both r.1 

and 72. In Figure 22-2 we show that, given the iso-revenue line, the highest 

level of output is achieved at B, which is on the new production possibility 
2curve f(q 1 , q2

2 ) = 0. Furthermore, the more price inelastic the demand 

curves, the more convex to the origin will be the iso-revenue curves and the 

smaller will be the effect of technical change on the changes in the output 

mix. 

Situation II 

In this case we modify situation I by assuming that decreasing returns to 

scale prevail in the research production functions. This is probably the most 

realistic assumption about returns to scale in research. Decreasing returns 

could arise in two possible ways. First, the static research production func

tions could exhibit decreasing returns to scale because the stock of "basic" 

knowledge from which the research activities draw is fixed at ally point in 

time. We assume that our research activities are not directed toward expand

ing the supply of "basic" knowledge. Second, if one views research as a prob

abilistic search process, decreasing returns in the research production func

tions are likely to prevail. 6 

Al! the remaining assumptions in situation I hold in situation iI. The re

sults are illustrated in Figure 22-3. 
The implications of our assumptions are: 

:new pro1. Allocating all research resources to increasing 71 results in tl 

duction possibility curve f(ql 1, q2
0) = 0. Similarly, allocating all research re

sources to increasing r2 gives us f(ql 0 , q2 
1 ) = 0. Linear combinations of re

search resources on T 1 and 7 2 will trace out an innovation possibility frontier 

which is convex to the origin, but less convex than in the case of situation I. 

We can illustrate this in the following way. Because of decreasing returns in 

both our research production functions, qI0 q1
2 > 1/2 ql0 q1I and q2

0 q22 > 

1/2q20 q2 1 . The line segment BC in Figure 22-3 is relatively longer than CD in 
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q1 

q2 

Figure 22-3. Technological change and the output mix with decreasing returns 
in research - linear production possihility curves. 

2Figure 22-2. if one rotates line f(q , q2
2 ) __ (to reflct alternative combina

tions of research resourccs, keeping in mind that decreasing returns to scale in 

the research production functions result in successively smaller increments in 

r!or T2 for successive absolute increases in research resources of a given size, 

one can see that this traces out an innovation possibility frontier which is con

vex, but less so than in Figure 22-2. 
2. if thc producing region faces fixed prices, it pays to specialize complete

ly in research, and there will bc complete specialization in production of 

either ql or q2 . This result is the same as that obtained in situation I. 

3. If the region faces downward-sloping demand curves for its products, 
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ql
 

q,

I 

q1 

A 

1qo q20 q2 2 

Figure 224. Technological change and the output mix with decreasing returns 

in research - concave production possibility curves. 

not only will the region produce a combination of ql and q2, but also tile 

highest level of production isobtainable from allocating research resources to 

In Figure 22-3 we show that, given the iso-revenueincreasing both 71 and 72.
 

line, the highest level of output isachieved at A, which ison the new produc

tion possibility curve f(ql 2, q22) = 0. 

Situation III 

In this case we make the same assumptions as in situation il except that we 

now assume the initial production possibility curve, f(qI 0 , q20 ) =0, isconcave 

to the origin. The results of these assumptions are shown in Figure 22-4. 
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The implications of our assumptions in this situation are as follows: 
1. With given prices, the region would completely specialize in the produc

tion of ql or q2 only if the terms of trade were sufficiently in favor of one 
output or the other. Otherwise the region would produce some combination 
of q, and q2. The more concave the production possibility curve, the more 
likely it is that there would not be complete specialization in production. 

2. Alternative combinations of research resources for increasing T1 and T2 

will trace out an innovation possibility frontier which is concave to the origin. 
This can be shown by the same procedure suggested in situation 11. As in the 
previous case, the production possibility curve f(q1 

2 , q2 
2 ) = 0 is the one 

which results from allocating one-half of available research resources to each 
commodity. 

3. In this situation, it might pay to allocate research resources to increasing 
both T1 and r 2, regardless of whether the region faced fixed product prices or 
downward-sloping demand curves. This can be seen in Figure 22-4. Assume 
that relative prices arc such that the price line for fixed prices would be tan

2gent to f(q1 , q2 
2 ) = 0 at A. Also assume that the iso-revenue line resulting 

2from downward-sloping demand curves is also tangent to f(q1 , q 2 
2 ) = 0 at 

A. In either case, the highest attainable level of production results from an al
location of research resources to both 7r1 and r 2 which generates the new pro
duction possibility curve f(ql 2, q2 

2 ) = 0. 

Situation IV 

One might also wish to consider the case where the research production func
tions exhibit increasing returns to scale. 7 Increasing returns may prevail if the 
research production functions are S-shaped and the fixed research budget is 
small enough to restrict research activities to the increasing returns portion of 
the research production function. If the initial production possibility curve is 
a straight line, as in Figures 22-2 and 22-3, the new innovation possibility fron
tier representing alternative combinations of research expenditures on ql and 

q2 will be convex to the origin. If, on the other hand, the initial production 
possibility curve is concave, the new innovation possibility frontier could be 
less concave, a straight line, or convex, depending on the degree of increasing 
returns in the research production function. Increasing returns to research 
will result in complete specialization in research activity so long as the new 
innovation possibility frontier is convex. This will be so whether or not the 
region faces given prices or downward-sloping demand curves for its products. 

Resource Endowmentsand EnvironmentalConstraints 

We can also use our model to illustrate how different resource endowments 
affect both the output mix and the allocation of research resources. Let us 
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qlA 

x 

q1B 

P 

0q2A 	 q28 

Figure 22-5. Relative factor endowments and the allocation of research among 
products. 

assume that (a) there are two regions, A and B, producing the same two out

puts q, and q2 ; (b) the production function for each output is the same in 

both regions; (c) the production of q, is more intensive in the use of land 

(capital) relative to labor than the production of q2; and (d) one region, A, 

has relatively more land than labor compared with the other region, B. 

The initial situation is illustrated in Figure 22-5. The production possibility 
= 

curve for region A is f(qlA, q2A) = 0 and that for region B is f(q;B, q2 B
) 

0. 	Since the production of q, is relatively more land (capital) intensive than 

would expect region A to favor the production ofthe production of q2 we 

ql.With both regions facing the same fixed relative prices, P, the output mix 

of region A would be at point X and the output mix of region Bat point Y 

in Figure 22-5. The results are as one would expect. Region A, which has an 

abundance of land (capital) relative to labor, produces more of q, than q2 , 

an abundance of labor relative to land (capital), proand region B, which has 
duces more of q2 than q1. 
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Employing the same type of analysis concerning technological change as 
was used in the previous section and assuming the same fixed relative prices, 
P, in both regions as shown in Figure 22-5, one can verify that (a) in region A 
it would pay to invest a higher proportion of the research budget in increasing 
T1 than in increasing 72, and (b) in region B it would pay to invest a higher 
proportion of the research budget in increasing r2 than in increasing r1. How
ever, the results may change as relative product prices change. If the price of 
q2 is significantly higher relative to the price of q, then in the situation illus
trated in Figure 22-5 region A would allocate more resources to increasing 72 
than r 1. With sufficiently strong product price incentives in favor of q2 both 
regions A and B would allocate proportionately more of their fixed research 
budgets to r2 than to r 1 . The reverse would be true with sufficiently strong 
price incentives in favor of qj. 

In addition to the role of demand conditions for the final products and the 
nature of the research production functions, variations in relative factor en
dowments and in relative factor intensities with respect to the outputs also 
play important roles in determining the allocation of research resources. For 
example, under the product price assumptions illustrated in Figure 22-5 the 
labor "rich" region will allocate relatively more research resources to the 
labor intensive commodity, and the labor "poor" region will allocate relative
ly more research resources to the land (capital) intensive commodity. (See 
chapter 24 for empirical support for this proposition.) 

In the paper on which this chapter is based we used the model to examine 
how several environmental constraints affect the allocation of research re
sources and the output mix. We examined the effects of four types of physi
cal or institutional (economic) situations: (1) heterogeneity in the quality of 
at least one factor of production; (2) restrictions on the use of certain tech
nologies; (3) restrictions on the output of one commodity; and (4) improve
ment in the quality (productivity) of one or more inputs. The results can be 
summarized as follows: 

1. Heterogeneity in the quality of factors increases the likelihood that it is 
profitable to allocate research resources to increasing factor productivity for 
both commodities. 

2. Where restrictions are placed on the use of certain technologies, the op
timum allocation of research resources depends heavily on final demand 
conditions. If relative prices more strongly favor the production of or.- prod
uct, say, q2 , then research resources should be allocated more to increasing 
V'2 than T1. As relative prices move more in favor of the other product, say, 
cl, the relative mix of research resources will move in favor of increasing T1. 

3. When an output restraint for one commodity is binding, it may still pay 
to devote some research resources to increasing factor productivity for that 
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commodity. However, the general effect of the restraint is to cause a realloca

tion of research resources to increasing factor productivity for the unrestrained 
commodity. 

4. Investments may be made to improve the productivity of one of the in
puts, say, land. As an example, consider asituation in which irrigation is feasi

ble but there is little control over the application of water in individual fields. 

The effect of improvements in the irrigation system which result in full water 
control in individual fields will, under given product prices, result in a switch 
from complete specialization in the initial crop to complete specialization in 
an alternative crop. 

Some Implications 

Our analysis shows that the optimum allocation of research resources among 
commodities and its effect on the output mix of a region depend upon the 
initial production conditions (concavity of the production possibility curve 

and the relative size of ql and q2 with complete specialization in the produc
tion of each), the extent to which there are either increasing or decreasing re
turns to scale in research, whether the producing region faces given prices or 
downward-sloping demand curves for its outputs, and changes in relative fac
tor endowments. To decide on the optimum allocation of research resources 
among commodities, research administrators need information on all four 
aspects of the problem. 

If the production possibility curve isrelatively flat and the region is a price
taker, we would expect significant shifts in the output mix as a result of 
changes in relative output prices. Furthermore, the allocation of research re
sources depends heavily on relative product prices aid return to scale in re
search. Research resources would be devoted entirely to increasing the pro
duction of ql if (a) prices initially favor complete specialization in the pro
duction of ql, (b) there are constant or increasing returns to scale in research, 
and (c) there are identical production functions for rI and T2. Research 
would strengthen the tendency toward complete specialization in production. 
On the other hand, if the production possibility curve isconcave, both q, and 
q2 would tend to be produced, except in the case where the region faced 
fixed prices which were of such an extreme nature as to dictate complete 
specialization in production. Except for the extreme case, research resources 
would be allocated to increasing both T1 and r2 " 

Even if the production possibility curve is relatively flat over awide range 
of variation in ql and q2,we may still observe ahigh degree of stability in the 
output mix even with technological change, because the region faces down
ward-sloping demand curves for its outputs. The more price inelastic the de
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mand curves, the more convex the iso-revenue lines and the less sensitive is 
the output mix to technological change. Furthermore, even with downward
sloping demand curves, it would still pay to devote all research resources to 
one commodity if the combination of (a) the slope of the initial production 
possibility curve and (b) returns to scale in research resulted in an innovation 
possibility frontier which was either a straight line or convex. 

A region might face downward-sloping demand curves for its products ei
ther because of short-run rigidities in parts of the marketing system or be
cause changes in output levels of a region were sufficient to change prices 
throughout the marketing system. There is evidence that significant changes 
in the production of one crop can cause temporary distortions in the relative 
price structure of a region compared with prices in a larger marketing area. 
Lele, in her study of sorghum grain marketing in western India, found that 
distortions in intermarket price differentials arose when the volume of grain 
production and marketings pressed against the supply of transport services. 8 

Jolly, in a study of corn and soybean price behavior in southwestern Minne
sota, found that the margin between central market prices and local prices 
was a function of the level of output and the output mix in the local region. 9 

Yamaguchi, and Yamaguchi and Binswanger, in a study of the effect of 
technical change and population growth on the economic development of 
Japan, observed patterns of production and price behavior consistent with 
our model.1I( In looking at the agricultural and nonagricultural sectors (equiv
alent to our two commodities), they found (a) a very flat production possibil
ity curve and (b) a high degree of stability in the output and consumption 
mixes, because the demand curves for the outputs of both sectors were down
ward-sloping and especially price inelastic in the case of demand for agricul
tural products. 

In a situation with downward-sloping market demand curves, intervention 
in the markets for ql and q2 by government (or other groups) in the form of 
price support measures or trade restrictions can yield results similar to the 
competitive model, i.e., intervention can result in a higher degree of special
ization than would result from a market solution. (This does not automatical
ly follow, because governments can also set the relative support prices in ways 
which will shift the terms of trade against the commodity experiencing the 
technological change.) Furthermore, price support programs or trade restric
tions can also affect the allocation of research resources to the extent that 
product price behavior is important in determining such allocations. 

The question of which commodity should receive research resources de
pends very much on society's developmental objectives and policies. For ex
ample, suppose it is the primary concern of policy makers to increase the in
comes of producers, and relative prices are unimportant. Then one rule which 
could be followed is to increase the production of the commodity with the 
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highest price and income elasticities. In this way one would tend to minimize 

a shift in the terms of trade tends to counteract the efthe extent to which 
fect of technological change. On the other hand, suppose one of the commod

ities is a wage good, it has lower price and income elasticities than the non

wage good, and it is the policy makers' desire to keep the price of the wage 
to invest researchgood as low as possible. In this case, it would make sense 

resources in bringing about technological change in the wage good, i.e., we 

want to maximize the shift in terms of trade against the wage good. These are 

but two of many possible situations. 
We should be cognizant of the fact that the price elasticity of demand 

which a region country faces depends both domestic and export deon 
curve to be quite 

or 
mand parameters. It is possible for the domestic demand 

facing the country or region is
IAce inelastic while the export demand curve 

quite price elastic, e.g., the case of corn in Thailand. In such a situation it 

would be important for the country or region to follow price policies which 

did not exclude domestic production from entering export markets, if the 

policy objective were to minimize the adverse effect on terms of trade for 

corn of a change in output. On the other hand, if the name of the game were 

to keep domestic prices as low as possible, then export barriers might be 

erected, e.g., the case of the rice premium in Thailand. 
our earlier paper the implications of four environ-Finally, we explored in 

mental situations for the allocation of research resources and for the resulting 

output mix. In each situation our model gives us useful insights. Demand 

for the products play an important role in allocating research reconditions 

sources in each environmental situation considered.
 

Heterogeneity in the quality of factors of production imparts convexity to 

the production possibility curve. Regardless of demand conditions, heteroge

neity in factors will tend to cause research resources to be allocated to both 
on the use of certain technologies incommodities. In the case of restrictions 

the production of one of the commodities, the optimum allocation of re

on final demand conditions. Restrictions onsearch resources depends heavily 
the level of output of one commodity should cause a reallocation of research 

resources to increasing factor productivity in the other commodity. However, 
resources to both commoditiesit may still be profitable to allocate research 

even when the output restraint is binding. Improving the quality of one factor 

can also have a significant effect on the output mix, with the nature of final 

demand conditions again playing an important role. 

Conclusions 

We have constructed a relatively simple theoretical model which shows that 
on two commodithe allocation of a fixed research budget between research 
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ties and the effects of such allocations on the output mix of a region depend 
on the initial production conditions, the presence of econom es or disecon
omies of scale in research, the nature of the demands for the ')utputs of the 
region, changes in relative factor endowments, and the existence of certain 
types of environmental constraints. Research administrators require informa
tion on all these aspects of the problem in order to determine the optimum 
allocation of research resource:. 

Our analysis indicates that there is nothing inherently good or bad about 
diversification of production. Changes in output mix must be evaluated in 
terms of a country's resource endowments and developmental objectives. En
vironmental considerations clearly play an important role in effecting an op
timal allocation of research resources. Price policies also have a significant ef
fect, not only on the allocation of traditional resources among commodities 
in a region but on the allocation of research resources.11 Falcon has argued 
cogently that agricultural price policies should be consistent with national 

development objectives. 12 Unfortunately, price and market policies designed 

in response to short-run food procurement needs or political pressures from 
producers often are not consistent with the price policies that would facilitate 
achievement of longer term development goals. 
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Relating Research Resource Allocation
 
to Multiple Goals
 

John W.Mellor 

In most countries, technical change is necessary for agriculture to play a posi

tive role in economic development. With limited land area and classic dimin

ishing returns to the use of other inputs, it becomes more and more costly to 

meet the increasing demand for food unless research provides new, higher 

yielding crop and livestock technologies. The need for effective agricultural 

research is strongly reinforced in those many low-income countries in which 

productivity of agricultural labor and even capital have already been driven to 

very low levels by past population growth. Such research is further necessitat

ed as social objectives accelerate the demand for food by fostering increased 

employment of low-income people who wish to spent the bulk of their added 

income on food. 
This latter "distributional" pressure on food production capacity will Ihe

come even greater if international and national demands for more jobs and 

broader participation in growth are to be met. The dramatic effect on the de

mand for food of change in income distribution is illustrated by Indian data 
which show that while the top 5 percent in the expenditure distribution 

spend only 2 percent of increments to income on food grain, the bottom 20 
1 

percent spend 59 percent. 

The increasing societal need and demand for agricultural research results 

lends urgency to achieving efficient allocation of scarce research personnel 
and institutional resources. This scarcity also requires that attention be given 
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to organizing and conducting research to expand research capacity. This need 

for expansion results in part from past failures to recognize the importance of 

past and present deficiencies in agricultural educa
agricultural research and 

must be to make theirprograms
tion. Thus a current objective of research 

own growth self-sustaining, through developing their own personnel and insti

-utional resources. 
task of determining public policy for optimal allocation of 

The crucial 
rely on the market price mechanism 

research resources cannotagricultural one of theto the usualarise in addition
alone. Three particular problems the 

to which prices reflect the underlying supply and demand for 
extent 

derives its returns. First, the relationship
from which researchcommodities 

resources and productive output is poorly under
between quantity of research 

one such aseven a straightforward
stood. That is, once a problem is defined 

- there is lit
of a particular crop in a particular area 

increasing yield per acre 
investment of what type will give how 

tle knowledge of how much research 

much return. Second, agricultural research has a unique capacity to affect vari

as health and nutritional status, which because of factors such as 
ables, such value il markettheir true societalnot be givenconsumer ignorance may 

a world of unequal distribution of productive assets and 
prices. Third, in 

new technology affects the distribution of income by changing both 
income, and the prices

of various productive resources 
the relative returns to owners 

income classes. Even
unequal proportion by various

of goods consumed in 

though society may accept the initial inequality in income and assets, it may 

not find increased inequality agreeable. We may view determination of public 

as a process of explicitly creating the demand for research of 
research policy 

rather than simply responding to existing demand through 
certain types 

forces and their effects. In this alternative view, policy 
estimates of market 

quite contrary to that sug
of research resources 

may call for ar, allocation 

gested by the market relationships. 
a problem in multivariate analysis: it is a 

resource allocation isResearch 

proble.n of multiple goals and multiple instruments complicated by a lack of 

information about the relationships between dependent and independent vari

ables. Perhaps it is the bewildering complexity of the task which accounts for 

resource allocation to follow a
in research

the tendency of decision-makers 
or a few objectives at aone

simp!e sequential procedure, emphasizing only 
to a meeting of multiple goals. In this ap

but gradually pyramidingtime 
of multiple goals, it is important to 

in a contextproach to decision-making 

priorities for an appropriate sequence of actions to meet those goals. Even 
set n-iy be reached

because societal objectives
this approach is complicated 

allocation of various types of research 
through diverse instruments, of which 

among the various policy
The trade-offs in efficiencyresources is only one. 



480 MELLOR 

instruments must be carefully considered in allocating research resouces, and 

they will certainly affect the sequence of efforts to achieve specific objec

tives. 
The problem of multiple goals presents two major tasks: first, to catego

rize the goals with sufficient detail and specificity to give them operational 

meaning; and, second, to set priorities among objectives, reflecting the prob

abilities of success and the comparative costs of alternative research lines for 

reaching the various objectives and, perhaps, outlining a schedule for time 

phasing and ordering. 
This chapter attempts to shed light on research decision-making first by a 

discussion of some specific aspects of societal objectives, then by a brief state

ment about the nature of the research resources to be allocated, and finally 

by an analysis of specific instruments of research policy in terms of implica

tions for their choice and manipulation. The analysis concludes with a hypo

thetical research policy sequence and a statement of research needs for im

proving research policy. (For a theoretical treatment of some of the issues dis

cussed it, ' is chapter, see chapter 22.) 

Societal Objectives of Agricultural Research 

Society's objective in research is presumably to increase its own welfare. That 

objective is advanced by research allocations which maximize the per capita 

stream of welfare over some time span from the initial stock of resources. 

This concept allows for augmenting the per capita stock of resources and us

ing research resources specifically to generate more research resources, per

haps in the short run conflicting with research output. Since welfare islikely 

to be defined in per capita terms, we can say that the further objective of re

search is to raise the productivity of the stock of labor, subject to the con

straint of that labor's working conditions and of fixed resources such as land. 

Given existing concern about questions of mechanization, employment, and 

income distribution - to which this chapter will return - it is worth emphasiz

ing this basic concern with labor productivity. At the same time, it must be 

noted that in densely populated countries research policy may still focus on 

the intermediate objective of increasing the productivity of land. 
Under pressure to simplify choice by concentrating on a simple objective 

function, the agricultural science research worker often focuses first on yield 

per acre or on a crop output inoex. In doing so he is apt to have in mind a set 

of market weights. Once yield is markedly increased, various subobjectives are 

pursued, usually sequentially, including reducing the use of inputs such as 

chemicals and hence costs and reducing variance of yields. Appa:cntly sub

stantial gains in research efficiency are achieved through such simple state
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ment and pursuit of objectives in sequential order. And the resulting loss in 

economic efficiency may be slight, if price relationships correctly reflect soci

ety's costs and values. The demand for simple objectives undoubtedly traces 

from the very large number of variables with which the agricultural scientist 

deals -from a wide range of soil and climate variables on the input side to 

physical output, variance in output, and consumption quality on the output 

side. Without even considering social factors the agricultural scientist works in 

a multiple-goal environment. 
Beyond the well-known, general market imperfections, two specific prob

lems arise in the use of price-weighted output as an objective function. First 

consumers may be ignorant of the relationship betweenis the possibility that 
of its welfare function such as health and nutrition. a product and aspects 

Second is the fact that relative prices result from a distribution of income and 

assets that itself may be inconsistent with societal values. This in turn reflects 

with what society perceives to be a maldistribution of ina broader concern 
of "income, often intensified by technical change. Needless to say, the use 

rather than domestic prices substitutes a different set of societalternational" 
may be equally arbitrary and equally inconsistent with curstructures which 

rent national objectives. 
to the effect of consumer ignorance of price relationships, anWith respect 

important caveat is in order. The perception of utility may differ between 

and poor, and it may well be the former, not the latter, who are in error.rich 
For example, the poor in low-income countries are unlikely to pay more for 

to widespread belief,increased protein content in food because, contrary 

their diet is far more deficient in calories than in protein. 
to society. The fact thatDistribution of income is of increasing concern 

technical change has the potential profoundly to influence income distri

bution enhances the importance of enlightened research policy. flowever, 

research policy is only one of many instruments for altering income dis

the distribution question arises from the diver
tribution. The emphasis uii 

gence between societal objectives with respect to income distribution, the 

and the apparent inability of
ac.uality of productive-asset distribution, 

or income directly. On the one hand,
society to redistribute either assets 

and income may be reinforced by tech
inequality of distribution of assets 

toward , ie production factor. On the
nological change which biases returns 

other hand, those very biases offer an opportunity to change income distri

to allocate research resources
bution in a desired direction. Society may wish 

factor shares in the desired direction or at least to know 
so as to influence 

income distribution so that appropriate com
how innovation will affect 

plementary policies may be instituted. Choice of crops, regions, and disci

plines of emphasis all will affect the distribution of gains among regions, be



482 MELLOR 

tween landowners and laborers, between men and women, and among other 

class groupings. 
It must be recognized that, although there isnecessarily a loss in efficiency 

allocation
in attempting to meet distributional objectives through research 

rather than through other means, all societies appear to face this problem. To 

attempt to equalize income distribution by breeding labor-intensive crop vari

eties rather than redistributing the land is analogous to moving tile piano to 

the piano stool. Indeed one wonders why, when tile social scientist complains 

about the skewing of income distribution by the green revolution, the biologi

cal scientist hasn't pointed out that better income distribution could be rath

er simply effected through land redistribution.
 
technology changes the distribution of


In more sophisticated terms, new 

income becausc it increases tile relative productivity and demand for various 

factors of production. If all factors were equally owned or if all income were 

equally divided, no skewing of income would result from change in technol
existing inequalityogy. It is the imposition of change in factor shares on an 

creates the problem. Clearly, to divert research attention from increas
which 

with the bias in factor
ing output per unit of input to additional concern 

shares interferes with the accomplishment of primary objectives. 

The distributional problem isparticularly acute with respect to labor shares. 

to the amount of work needed to be
Since their income is directly related 

done, laborers are particularly vulnerable to new technologies which increase 
as do almost all yield

labor productivity and thus reduce needed man-hours, 

increasing innovations. Such innovation may decrease the demand for labor 

less employment. The return to landand result in both a lower wage and 

rises of course since it is the residual claimant after payment to labor. If land 
an individual lost on re

were distributed in proportion to labor, then what 

turn to labor would be gained in return to land. A system of taxes on land or 

oil technology-associated inputs could be devised to have the same effect. It 

should also be noted, as above, that society's welfare objective almost certain-

IN,includes raising the productivity and reducing the onerousness of labor 

creating a conflict if the very act removes work opportunity for a segment of 

the population, because of differences in asset distribution and power. 
re-The points made above apply also to the distribution of income among 

gions. Even if income and assets are equally divided within aregion they may 

unequally among regions. In such a case, new technology may intensifyoccur 
interregional disparities. In this context, mainland China's rising rate of re

gional disparity isespecially instructive. Within the commune, mechanization 

apparently has little effect oil income distribution, but since each commune 

reaps benefits of its own land and labor, those communes where technological 

input is concentrated will experience greater increase in incomes. In this sys
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tern, as in others, it is difficult to redistribute assets, labor force, or income. 

in China, too, then, the second best solution -effecting income redistribu

tion through allocation of research resources - may need to be considered. 

To summarize, the widely accepted societal objective of increasing total 

human welfare is subject to the constraint of the distribution of benefits 

among and within regions. Moreover, welfare isinadequately measured by the 

price mechanism and nutritional concerns may often be understated. Finally, 

because of our imperfect knowledge of the effect of research inputs, only 

very general policies on research resource allocation can be considered. 
Before proceeding to a discussion of the resources to be allocated and the 

instruments of research policy, we may note that actual decisions on research 

policy are made in a bureaucratic framework in which tile primary objective 

may be one of maintaining power, with consequent potential for departure 

from general welfare objectives with respect to effects of decisions onl the 

growth of income and its interpersonal and interregional distribution. Indeed, 

depending on the sources of the political and bureaucratic power, there may 

be little or no actual concern for the substance of objectives as stated in tile 

preceding paragraphs. An analysis of decision-making in that context would 

give much more weight to the specific nature of administrative structure and 

power relationships than does this discussion. 

The Nature of'Agriculturi Researcb Resources 

The agricultural research resources to be allocated are the physical plant and 

trained personnel and, most important, the institutional structure into which 

plant and personnel are organized for a productive purpose. Because of the 

potentials for transfer of research results between indigenous and foreign re

search units, the nature and quantity of research resources available for indig

enous purposes arc a complex composite of what now exists plus what will be 

coming into existence. So little is known of how to train competent person

nel and how to build institutions that the most effective way to promote 

growth in the research resource base is almost certainly through developing 
the research structure itself. 

What this means, in practice, is that the research resources to be allocated 

should not be viewed in a static sense. In a world of less than infinite discount 

rates, the very mode of allocation of research resources will strongly influence 

the quantity of such resources to be allocated in the future. In this context, 

we need to consider several specific questions. 
To what extent can time be saved in the short run by use of foreign tech

nicians, and will such input reduce or increase institutional capabilities in the 

long run? 2 Will regional diversification of research slow the growth of the sys
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tem by fractionization, or will it speed growth by forcing decentralization 
and encouraging diffusion of responsibility and consequent growth in capaci
ty? flow far will a close relationship with an international system expand re
sults and personnel resources? Will such a relationship effect institutional de
velopment, or will it have deleterious consequences through setting up con
flicts between national and international perceptions and objectives, by pro
viding less encouragement for important indigenous capabilities? The problem 
of finding answers to these questions - tie dynamics of which may be much 
more important than the status of allocating current resources- underscores 
the difficulty of decision-making in this area. We can see how these questions 
may be decided on the basis of political rather than technical considerations, 
how tile sequential method may be chosen in preference to a multidirectional 
approach. 

The Instruments of Research Policy 

The three prime instruments of research policy are (1) allocation among crop 
and livestock systems; (2) choice of emphasis, within a farming system and 
among geographic regions, on the productivity of the various factors of pro
duction; and (3) selection of research disciplines. The latter, of course, inter
acts with the others. 

From the preceding sections of this chapter it can he seen that, beyond 
market-price based criteria, analysis for each of these areas of allocation 
choice should be made with respect to effect on (I) the degree to which the 
supply of those food commodities most heavily weighted in the consumption 
patterns of the poor will support increased employment and rising real in
conies of low-income people; (2) tile demand for labor and the distribution of 
actual employment among various social classes; (3) tile level of total output 
and producers' net income; (4) variation in producers' net income; and (5) 
the nutritional composition of the food supply. Through these instruments, 
research and resultant technological change may have a profound effect on 
the structure of the society. Understanding of tile relationships is important 
in pointing the way to optimal allocation of research resources. Such knowl
edge can be even more important in assisting societies to adjust to the stresses 
which typically accompany technological changes no matter how beneficial 
such change may ultimately be. 

Choice of Crop and Livestock Systems 

Research results affect the choice of farming systems by increasing the ef
ficiency and reducing tile cost of production of one system compared with 
another. Technological change is likely to increaseproduction both directly, 
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with a given set of resources, and indirectly, by increasing relative profitability 

and thereby transferring resources from other enterprises. Farming systems 

vary in the extent to which they contribute to various objectives. Four spe

cific characteristics are discussed below to illustrate the nature of such varia

tion and its relationship to research resource allocation. 

Food grains as basic wage goods. Allocation of research resources to food 

grains facilitates employment growth through expansion of the supply of 

basic wage goods. In India, as noted earlier, the two lowest deciles in expendi

ture class spend 59 percent of increments to income on food grains (Table 23

1). Without a large increase in imports and an effective system of rationing, 

an employment program which increases incomes of low-income laborers 

must be matched by rapid increase in domestic food grain production. If it is 

not, sharp inflationary pressures will bring about a demand, on the part of the 
urban middle class for cessation of the program. 3 Suchpolitically powerful 

an effort to improve employment justifies an initial major emphasis on basic 

food grains in research resource allocation. Now if rapid technological change 

in food grain production is not matched by an increase in the incomes of low

income consumers, deficiency of demand will result in reduced relative food 

grain prices which on the one hand directly raise real incomes of the poor but 

on the other hand may remove the price incentive needed to stimulate con

tinued application of high input technological methods. Clearly, there is a 

high degree of interdependence between technological progress in food grain 

production and high employment policies. Policy in respect to one must be 

meshed with policy on the other. 

onEmployment content and factor shares. While research emphasis food 

grains helps to release the most basic wage goods constraint to employment, 

it tends in itself to provide only a small portion of employment at the new 

equilibrium level. Although geographically concentrated breakthroughs in 

food grain production may provide substantial aggregate increase in employ

ment in those areas, they augment the capacity to support increased employ

ment by a vastly greater amount. 
For example, in a typical case of the new wheat technology in India, only 

10 percent of the added gross income produced by the high-yielding variety 

is expended for labor, while 67 percent is allocated to family-owned capital 

and land, and 23 percent is paid out for other inputs, of which fertilizer 

represents a major component (Table 23-2). 
Table 23-3 illustrates two important aspects of employment in food grain 

production. First, there is considerable variability in the labor share of in

creased output. Second, typically only a small share - roughly 5 percent to 

15 percent - is paid as wages. It follows then that food grain production, al



Table 23-1. Division of Incremental Expenditure among Expenditure Categories, 
by Rural Expenditure Class, India, 1964-65 

Rural Expenditure Class by Decilea 

Sixth, 
Fourth Seventh, Lower Upper 

Bottom and and One-Half One-Half 
Two Third Fifth Eighth Ninth of Tenth of Tenth 

(land- (under (1-5 (5-10 (10-15 (15-30 (30+ 
acres) acres) acres) acres) acres)Expenditure Category less) 1 acre) 

Mean per capita month
ly expenditure (Rs.) . . . 8.93 13.14 17.80 24.13 30.71 41.89 85.84 
Allocation of additional 
rupee of expenditure 

Agricultural com
modities ........ 0.79 0.69 0.59 0.52 0.46 0.40 0.33 

Food grains . .. . 0.59 0.38 0.25 0.16 O.11 0.06 0.02 
Nonfood grains 0.20 0.31 0.34 0.36 0.35 0.34 0.31 

Milk and milk 
products . . ... 0.07 0.11 0.12 0.13 0.13 0.12 0.09 
Meat, eggs, 
and fish ..... 0.02 0.03 0.03 0.03 0.03 0.03 0.02 
Other foods 0.01 0.05 0.07 0.09 0.10 0.12 0.16 
Tobacco . . . . 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Vanaspati . . . 0.01 0.02 0.02 0.02 0.02 0.01 
Other oils . .. 0.05 0.05 0.04 0.04 0.03 0.02 0.01 
Sweeteners.... 0.04 0.05 0.05 0.04 0.03 0.02 0.01 

Nonagricultural com
modities ........ .0.21 0.31 0.41 0.48 0.54 0.60 0.67 

Textiles....... .0.09 0.08 0.07 0.08 0.07 0.06 0.07 
Cotton tex
tiles ........ 0.09 0.08 0.07 0.06 0.06 0.05 0.03 
Woolen tex
tiles ....... 0.01 0.01 0.01 0.02 
Other textiles 0.01 0.02 

Nontextiles . . . . 0.12 0.23 0.34 0.40 0.47 0.54 0.60 
Footwear ... . 0.01 0.01 0.01 0.01 0.01 0.01 
Durables and 
semidurables 0.01 0.01 0.01 0.02 0.02 0.03 0.05 
Conveyance 0.01 0.01 0.02 0.02 0.03 0.05 0.10 
Consumer ser
vices ...... .. 0.02 0.02 0.02 0.03 0.03 0.04 0.06 
Education . . . 0.01 0.01 0.02 0.03 0.03 0.05 0.11 
Fuel and light 0.07 0.07 0.06 0.05 0.05 0.04 0.03 
House rent.. . 0.01 0.01 0.02 0.03 0.04 0.08 
Miscellaneous 0.09 0.16 0.22 0.27 0.28 0.16 

Total ........ .1.00 1.00 1.00 1.00 1.00 1.00 1.00
 

Source: John W. Mellor and Uma J. Lele, "Growth Linkages of the New Foodgrain Tech
nologies," Indian Journal of Agricultural Icouontics, 28:1 (January-March 1973), 35
55. The data are reported in B. M. Desai, "Analysis of Consumption Expenditure Pat
terns in India," Cornell University-USAID Employment and Income Distribution Proj
ect, Department of Agricultural Economics, Occasional Paper no. 54, Ithaca, Cornell 
University, August 1972. The source for the data is National Council on Applied Eco
nomic Research, All-India Consumer Expenditure Survey, 1964-65, vol. 2 (New Delhi, 
1967). 

a Roughly corresponding agricultural holdings are in parentheses. 
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from a High-Yielding
Table 23-2. 	Allocation among Inputs of the Increased "Payments" 

6 8a 
Wheat Variety, Aligarh District, Uttar Pradesh, India, 19 67 -

Percent of Increment 
Allocation of Paymcntsb 

Allocation of in Gross Value of 

Traditional High-Yield- Incremental Production of Incre

ing Variety Paymentsc mental Payments
Inputs Variety 

Gross value of pro
duction .......... .653 1,115 462 (71) 100 

Payments to: 
All inputs except 

989 416 (73) 90
labor ......... .. 573 


Family land
 
310 (82) 67

and capital. . .. 380 690 

Inputs other
 
than family
 
land and capi

106 (55) 23
tal .......... 193 299 


39 (110) 8
Fertilizer... 37 76 

126 46 (59) 10
Labor ........... 80 


37 (68) 8Family labor. .. 54 	 91 
35 9 (35) 2Hired labor. . .. 26 

Source: Adapted from R. S. Dixit and P. P. Singh, "Impact of High Yielding Varieties on 

Human Labor Inputs," Agricultural Situation in India, 24:12 (March 1970). 
Aligarh District yielded 7.5 quintals per acre, 

aThe traditional variety of wheat in 

while the high-yielding variety yielded 14.8 quintals per acre, an increase of 96 percent. 

as either the amount of income paid out for inputs such as 
"Payment" is defined here 

fertilizer or the value of income assigned to inputs such as family labor.
 

b In rupees per acre. 
c In rupees per acre, with percent of increment in parentheses. 

though necessary to relax a wage goods constraint, has not normally provided 

the employment problem. And consequently, not only is 
a full solution to 

the social welfare objective, but the productionthere insufficient effect on 
as well, since the increase in demand for

objective is brought into question 
food grains will not be commensurate with the increased supply. For that 

balance, one requires the indirect or linkage effects of the food grain produc

tion increase.4 It is here that one must recognize the options in dealing with 

problems of policy. Emphasis on increasing the secondary employment ef

production technology may be more effective than attempts tofects of new 
direct research so as to increase the primary employment effects. 

A major potential for increasing employment within agriculture lies with 

increasing emphasis on and shifts among various nonfood grain crops. Schluter 

shows, for Surat District, India, that sugar can return 50 percent more income 

acre than rice and nearly four times as much as improved vari
to labor per 
eties of wheat (Table 23-4). Similarly, among unirrigated crops, both ground

nut and cotton return more to labor than sorghum (but less than rice), while 



between Labor and Other Inputs, Various High-Yielding Varieties and Areas. India 
Table 23-3. Division of Increased "Payments" 

Percentage of 	 Percentage Increase in 
Labor "Payments" for a 

Increase in Gross Increase in Labor 
Value of Output "Payments" Percentage of Increased Out-

put to Other 1 Percent Increase in 
Rupees Percentage Rupees Percentage Increased Out-

Gross Value of Output
Area per Acre Increase per Acre Increase put to Labora Inputsb 

Wbeat 
90 	 0.858 10 
.... 462 71 46
Aligarh, U.P ........ 

11 	 98 0.2
15 2

Varanasi, U.P ........ ... 620 65 	 0.3
5 95

Udaipur, Rajasthan . . .. 343 43 18 13 


88 0.4
 
Punjab .............. 450 100 56 42 12 


Kbarif Paddy 

West Godavari, Andhra
 
Pradesh ......... .... 269 38 32 17 12 88 0.
 

East Godavari, Andhra
 90 	 0.410
20 13
Pradesh ......... 	 .... 216 33 

94 	 0.592 6 


cc Uttar Pradesh ......... 1,100 200 67 	 6 94 0.2
33 20
0 Tamil Nadu 	 ........ ... 550 100 

99 	 0.03 3 1


Laguna, Philippines. . . . 374 72 
 0.311 	 89
36 28
Sambalpur, Orissa..... 404 95 


Rabi Paddy
 

West Godavari, Andhra 0.239 16 7 93 

Pradesh ......... .... 562 86 


East Godavari, Andhra
 5 95 	 0.2
39 30
Pradesh ......... .... 761 153 

93 0.2
 

TamilNadu ........ .... 625 100 46 21 
 7 

68 	 0.6302 125
Gumai Bil, Bangladesh 948 208 	 32 


Bajra 
0.3
13 	 87
39 27
Kaira, Gujarat ....... .... 300 85 	
0.3
91 


Average......... .... 532 97 52 35 9 


Source: John W. Mellor and Uma J.Lele. "Growth Linkages of the New Foodgrain Technologies," IndianJournalof AgriculturalFcono,

ics, 28:1 (January-March 1973). 35-55, Table It. 
is defined as physical labor input (family and hired) in man-days at a constant wage. 

a Labor "payment"
b Other inputs "payments" defined as gross value of output minus share to labor. 
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Table 234. Returns to Labor and Land per Acre for
 
Unirrigated and Irrigated Crops over a Six-Year
 

Period in Surat District, India
 

Returns Returns 
Crop to Labora to Landb 

Unirrigated, 1966/67-1971/72 
Rice (with fertilizer)c ........ .129 202 
Groundnuts ................ 108 207 
Cotton (without fertilizer)c .... 65 230 
Sorghum. . .. ....... 50 163 

Irrigated, 19 71 -72d 
Improved rice .............. 242 507IIYV rice.................. 265 608
 
Improved wheat ........... ... 82 237
 
IIYV wheat ................ 68 
 473 
Sugarcane ................. 38 3e 2219 

Source: Michael G. G. Schluter, "Interaction of Credit and 
Uncertainty in Determining Resource Allocation and Incomes 
on Small Farms, Surat District, India," Cornell University-
USAID Fmployment and Income Distribution Project, De
partment of Agricultural Economics, Occasional Paper no. 68, 
Ithaca, Cornell University, ;:ebruary 1974, chapter III, Table 
7, p. 14. 

a Estimated at the market rate. The number of man-days
used for each operation is multiplied by the appropriate wage
rate, with no distinction betwecn the hired and family labor 
inputs. For unirrigated crops, we assume a general wage of 
2.00 rupees per man-day; for weeding, we assume 1.5(0 rupees.
For rice, we use 3.00 rupees per day; for rice weeding, irriga
tion, and fertilizer application, 2.50 rupees. For wheat and 
sugarcane, we use 2.00 rupees per day but 3.00 rupees for 
planting, as this occurs during a peak period.

b Estimated as a residual. From gross returns, subtract 
average total variable costs in 1971-72, including the imput
ed value of family labor. The only cost not subtracted is in
terest charges. Gross returns include the value of the by
product. 

CMost farmers in the unirrigated zone use fertilizer on 
rice, but no farmer uses it on cotton. 

d For irrigated crops we use data for 1971-72 rather than 
for the six-year period, owing to the difficulties of obtaining
time-series yield data for the new varieties. 

e Over 50 percent of this goes to migrant workers from 
Maharashtra who are employed by the factory for harvesting. 

groundnut returns to labor two-thirds more than cotton. Data on vegetables 
or on livestock such as dairy would be even more striking. 

Donovan shows, through a linear programming analysis, the substantial ef
fect of cropping pattern changes on labor requirements in Mysore State, India, 
and he stresses the role of seasonal labor bottlenecks and the possibilities of 
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5 

clearing those bottlenecks offered by migration and mechanization. Similar

ly, Desai and Schluter show dramatically how Lhanges in cropping patterns, 

specifically between groundnut and cotton, alter the total demand for labor 

point could be made in respect to change
in Surat District, India. 6 The same 

between jute and rice in Bangladesh. 

It is of course crucial to recognize that production patterns must be in 

increase employment by
balance with demand and hence that efforts to 

changing the structure of production must be matched by shifts in demand. 

Such demand shifts may occur as indirect effects from expenditure of ris

or they may be the prod- of specific public policy. Some
ing incomes, 

of the most labor-intensive agricultural enterprises such as sugar, vegetables,
 

milk, and certain other livestock commodities have highly elastic demand. On
 

hand, demand will grow rapidly for such commodities as incomes
the one 

rise, creating a favorable environment for increasing production and employ

ment. On the other hand, if supply is inelastic, rising production costs and 

hence prices will readily shift consumption to other commodities which may 

not provide as many jobs. Consequently it is important to provide the 
or may 

to facilitate ready increases in production and
institutional changes needed 

marketing, while research which increases production efficiency and the sup

ply elasticity can greatly facilitate growth in employment in this sector. 

a context of rapid growth in incomes, a favorable environment is pro-
In 

vided for increasing production of demand elastic, potentially labor-intensive 

commodities such as sugar, vegetables, and livestock products. Since relaxing 

the wage goods constraint through increased food grain production may be 

effective in creating such an environment, a simple research allocation strate

gy follows: first, stress food grain production; then set in motion a high em

ployment program, which creates a favorable demand environment; finally, 

accentuate labor-intensive crops and livestock in research programs. 

After taking advantage of the increased income from new food grain tech

a means of increasing demand for labor-intensive production, one
nology as 

be stimulated for 
may pursue additional steps. First, export demand may 

labor-intensive agricultural commodities. This could be further facilitated by 

the introduction of technological change which decreases cost of production. 

Second, internal demand structure may be influenced by subsidy and educa-

The key point is that, while agricultural research may ap
tional programs. 
propriately emphasize labor-intensive commodities, it must be backed up by 

policies which increase or shift demand accordingly. Research policy must be 

seen in complementary play with other policies. 

Risk and uncertainty.Allocating research resources in such a way as to decrease 

a context of varying weather and management practhe variation in yields in 
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tices will reduce risk and uncertainty. Lessening the probability of particular
ly poor results not only raises average returns but reduces variance as well, 
and this may be seen as part of the general effort to increase production ef
ficiency. 

However, variation in results has implications beyond the effect on average 
production. In general, society prefers present income to future income and 
so risk involves a loss through unexpected deferral of income. Perhaps more 
important, low-income farmers tend to avoid risk, and hence the amount of 
variation in results affects the distribution of benefits and the adoption of in
novation. 

Schluter's analysis of Surat District, India, shows clearly that lower income 
farmers choose the lower profit and less labor-intensive but more certain en
terprises. Thus the farmers with lower income tend to choose cropping pat
terns with a lesser deviation in income. More specifically, on the basis of a 
MOTAD model Schluter shows that for each 100 rupees of increased income 
from change in cropping pattern there is a sacrifice of 100 rupees in increased 
variance. 7 It follows that it would be useful to small farmers to reduce vari
ance of income in the more labor-intensive and profitable crops. Indeed, be
cause the more profitable crops are more labor-intensive, it follows that, ex
cept for risk aversion, small farmers should have a comparative advantage in 
those crops. 

Although variation in income arises from fluctuations in both price and 
yield, fluctuation in yield is the more important factor. For example, Schluter 
shows for Surat District that the coefficient for variation for yield is greater 
than that for price by a factor of 4 for rice, 3 for sorghum, 112 to 2 for cot
ton, and I 1z for groundnuts (Tble 23-5). Further, price variation tends to be 
inverse to yield variation and therefore tends to reduce overall variation, giv
en the fluctuation in yield induced by weather. 8 Thus, as Schluter's data con
firm, in the complex real world of many conflicting forces, price stabilization 
schemes may increase income instability, at least for lower income producers. 

It follows then that the burden of reducing variation in income must fall 
more on production than on price policy fact'ors. Within production policy 
there are many variables: expenditure on extension effort may improve man
agement and reduce crop failure; expenditure on irrigation may reduce de
pendence on favorable weather; expenditure on credit programs or insurance 
schemes may provide greater staying power. Ilowever, a research program 
designed to reduce variation in results may be an efficient means of dealing 
with the problems. The greater the concern with reducing income disparities 
and increasing the participation of small farmers, the more emphasis will be 
given to research on reducing variation in results. Such emphasis may con
tribute initially to the most widely grown high-yielding varieties of crops and 
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Tablh 23-5. Coefficients of Variation for Yield, Price, and Revenue under 
Alternative Price Stabilization Policies for Major Unirrigated Crops,
 

Surat District, India, 1966/67-1971/72
 

Revenue 

No Stabi- Partial Sta- Complete Sta-
Crop Yield Price lization bilizationa bilizationb 

Rice 
Low fertilizer 0.40 0.09 0.36 0.39 0.40 
High fertilizer 0.42 0.09 0.36 0.39 0.42 

Cotton 
Low fertilizer 0.42 0.24 0.30 0.36 0.42 
High fertilizer 0.51 0.24 0.43 0.47 0.51 

Sorghum ...... .0.39 0.13 0.43 0.40 0.39 
Groundnuts . . . 0.37 0.26 0.42 0.34 0.37 

Source: Michael G. G. Schluter, "Interaction of Credit and Uncertainty in De
termining Resource Allocation and Incomes on Small Farms, Surat District, 
India," Cornell University-USAID Employment and Income Distribution Proj
ect, Department of Agricultural Economics, Occasional Paper no. 68, Ithaca, 
Cornell University, February 1974, chapter VII, Table 30, p. 44. 

a Gross returns with price deviations from the mean reduced by 50 percent 
in each year.

b Gross returns with prices fixed at the mean levels. 

then spread to the high profit, demand elastic, labor-intensive enterprises 
which have such a substantial potential to increase employment. 

Nutrition aspects of the production pattern. Finally, a word on nutrition. Nu
trition may deserve special emphasis in research allocation because consumer 
ignorance may result in too little expenditure for nutritious foods, while re
search may be able to increase nutritive content of foods at low cost and high 
convenience. 

Unfortunately it is all too often forgotten that the key trade-off in research 
allocation vis-a-vis nutrition is likely to be between yield and nutrients other 
than calories. Thus the critical question may be what is most detrimental to 
the health of a particular population -insufficient calories or lack of other 
nutrients, such as protein or vitamins. 

For most of the world's low-income people, food grains are usually the 
basic source of calories. It is only after expenditure is sufficient to meet basic 
calorie needs that consumption may properly stress protein and other nutri
ents in the cropping pattern. Just as the objective of increasing employment 
calls for first increasing food grain production and then more labor-intensive 
crops, so improving nutrition calls for food grains first and then other crops. 
As noted earlier, it is a common error to minimize calorie deficiency relative 
to protein deficiency.9 As long as calories are deficient, research should not 
emphasize other nutrients at the expense of yield. 
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In this context, however, one should note the interaction of improved
nutrient content with labor intensity. Although nutritious foods like livestock 
products may be inefficient means of providing nutrients such as protein and may in any case be sold to higher income persons, they may also provide thedemand for labor which, in turn, provides the purchasing power for the poor
to meet their more basic food needs. Thus, research that accentuates incomegeneration for the poor may do much for their state of nutrition through
market processes. 

Again it should be not, I that if low-income persons are to be encouraged
to devote scarce land and other productive resources to production of vegetables to improve home nutrition, then it is important to reduce the risks in
volved in their production. Moreover, there is a clear trade-off between allocating resources to research to reduce yield variance and allocating resources 
to such activities as extension for teaching cultivation methods that reduce 
variation in results. 

Choice of Emphasis within an Enterprise Category 
Once decisions are made on the relative research emphasis among variousenterprises, there remain allocational questions on the relative weight of ob

jectives for the individual enterprises. In the broader sense the research objective is to increase physical efficiency - output per unit of input. But since
various factors of production are distributed unevenly, raising the produc
tivity of such factors unevenly will ffect the distribution of income. And theextent to which the reduction of variation in results ishighlighted will affect 
rates of adoption among income classes and hence the distribution of bene
fits. Similarly, relative accent on approaches that raise or lower the use of
purchased inputs will affect income distribution. 

Choice of Discipline 
Relative emphasis on various academic disciplines in staffing a research institution is al important policy instrument and islikely to have substantial

effect on the distribution of benefits. The most interesting set of considerations in this regard is probably that which arises with respect to engineering,
since that is particularly related to mechanical innovations which have been 
most associated with displacement of labor. The allocation among disciplinesis,however, very complex, even from an employment point of view. For example, a general production problem is that of seasonal labor bottlenecks.
This is.particularly a problem of intensive multiple-cropping programs, but even societies with large numbers of very low-income people suffer clear labor
constraints to production at seasonal periods.10 Now, increasing total employment may require mechanization to break seasonal bottlenecks. It is by 

http:periods.10
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no means certain, however, that such effort will not overshoot the mark, re

ducing total earnings of the poor. Ideally, research resource allocation would 

stress increase in efficiency, including labor efficiency, using redistribution of 

assets and income to deal with income distribution problems. Unfortunately, 

that is not necessarily how policy priorities get set. The conflict calls for de

tailed economic analysis of seasonal labor supply/demand balances to facili

tate research on how to break seasonal labor bottlenecks without displacing 

labor and thereby reducing incomes of the poor. This is an area where coop

eration between social scientists and production scientists can be particularly 

effective. 
Presumably reduction of the arduousness of work is a widespread human 

objective. Technical innovation which accomplishes this is desirable on egali

tarian grounds only if the benefits are distributed to those formerly perform

ing the arduous task. In a communal society machine hulling of rice relieves 

the low-income women of avery difficult task and releases their time for bet

ter child care and other welfare-increasing activities. However, if income and 

assets are unequally distributed, displacing hand pounding of rice may simply 

source of income of a low-income group with an ineliminate the primary 
in net income of a higher income entrepreneurial class and a higher increase 

come consuming group. A similar point could be made for many other rural 

stated societal objectives and societal realiactivities. Again, conflict between 

ties greatly complicates research resource allocation. 

As in the case of allocation among crops, a decision regarding one crop 

must be made on the extent to which various nutritional elements will be 

emphasized. Again, the main 	trade-off appears to lie in the choice between 

increasing yield, or calorie production. As weincreasing protein content or 

have seen, the Western approach has tended to accent protein. Clearly, more 

research is needed, both on the effects of diet and health among the poor and 

on the extent to which foods naturally contain a sufficient balance of nutri

ents as long as the total quantity is adequate. 

The Regional Problem 

The choice of enterprise to emphasize and the approach to research on any 

one enterprise profoundly affect the distribution of income among geographic 

regions. This isthe result of not only regional deficiencies in soils, topography, 

and climate, but also economic and social differences -including income 

differences - which affect the acceptability of various types of innovations. 

In the long run, the regional allocation of research resources may be one of 

the most powerful influences on regional power and equity. 

In countries with generally adequate food supplies, such as Thailand, it 
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may be regional disparities of food which are most constraining to increased
equity. Even mainland China has had great difficulty in meeting the problems
of regional inequity. Trade-offs in research may be substantial, with emphasis on regions with poor production resources resulting in high costs of re
search and low increases in productivity. And again, the trade-offs in achiev
ing objectives with unequal investment in education or with direct income
transfers should be considered in allocating research resources. 

An Example of a Research Policy Sequence 
The criteria for research policy are, of course, dependent on the objectivesstated for research policy, the research resourc( availabilities, and the political
acceptability of alternative means of reaching objectives. The latter, of course,
reflects a broader set of objectives, both explicit and implicit, and the weightson these objectives dictated by the power structure within the society. Pursu
ing objectives in a sequential manner recognizes that priorities can be estab
lished and that effective research requires clearly understood guidelines,
which are possible only if objectives are separated and sequenced. Then research policy must set the priorities which order the sequence of effort 
is, not only the order of objectives but the 

that 
ease of meeting particular objectives given the realities of the tasks and the resources. In particular it should

be recognized that adding criteria to research both reduces productivity andreinforces the need for pursuing objectives sequentially rather than simulta
neously. 

The process may be exemplified by assuming that we are faced with a soci
ety attempting to increase participation of the poor in growth, but without
major redistribution of income or assets. Such a society might first emphasizeincreasing yields per acre of the basic food grains in the most responsive areas
of the country. This would release the wage goods constraint to employment

and increase the supply of basic calories. As success 
is met on the basic foodgrain front, geographic area coverage of the effort would be expanded to lessproductive regions. Soon, coverage would be extended to additional crops,
with priority given those which are particularly labor-intensive in production.
The latter effort would be coordinated with expansion of demand eitherthrough exports, rising domestic incomes, or subsidies. In each case, however,
the conditions of success require expansion of basic food grain production.
The reason for this is obvious in the case of domestic markets, but even raising income from exports requires a large supporting increase of domestic food
production." Throughout each of these thrusts research would stress reduction in year-to-year yield variation because of the special risk aversion of low
er income farmers. 
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Research Needs for Improved Researcb Direction 

Because of our minimal background of knowledge and experience, the alloca
tioI of research resources offers in its own right an area ripe for research. Re
search in the social sciences to support optimal decision-making in allocation 
of production research resources needs to emphasize definition of societal ob
jectives; sources and means of income by income class; the consumption pat
tern of various income classes; and the factor share bias of innovations. 

Societal objectives have been defined in this chapter in terms primarily of 
level and distribution of income with added attention to uncertainty of in

come and nutritional status. However, little is known about the importance 

of absolute income as compared with relative income in determining well

being, yet that distinction may be crucial to determining optimal policy. 

Similarly, if research is to be keyed explicitly to societal objectives, is is im

portant to know whether the same forces which prevent land reform, pre

sumably because redistribution of income is not a prime objective of society, 
will prevent effective impact of research results which would effect redistribu

tion of income. Or could it be a stated objective to effect income redistribu
tion through research only as long as such effort is not effective? It may be 
inconvenient to make societal objectives explicit, but that may be essential to 

effective public sector decision-making. 
Only when, it is known how much income each income class generates 

through what production means can research policy be designed to improve 

income distribution. Innovation affects income distribution through its effect 
on demand for factors of production and supply of consumer goods. General

ly the poor provide labor, and relative increase in demand for labor increases 
their income in relation to that of others. Effective policy demands knowledge 

of the precise nature of labor supply and demand, including elasticity of labor 
supply. Such knowledge provides a basis for estimating returns to increased 

demand for labor and probable wage behavior. Similarly, consumption pat
terns of the low- and high-income classes differ greatly. Research concentrat
ed on goods the poor consume will benefit them relative to the more well-to
do. Despite this obvious fact little detail is available on the precise nature of 

consumption patterns of the poor. 
Finally, knowledge is needed of the effect of various innovations on the 

demand for payment to various factors of production. What is needed is 

knowledge not only of the average amount of labor used and yield increase 
but of the variation in functional relationships between input and output and 

the variance in those relationships. Then optimal choice of technology can be 

made in the context of varying risk and uncertainty and levels of input. 
We close on a research-oriented note in this chapter on research alloca
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tions. Social scientists could contribute substantially 	to increased efficiency 
they must verse them

in this most crucial area of development. To do so, 

selves in the terhnology of agriculture to grasp somewhat more fully the con

the art of the possible. They must recognize the im
that delineate 

practicality of a general equilibrium approach in this extraordinarily complex 

doubt of 

straints 

partial approaches and consequent 
area and settle for numerous 

whether or not they have even an approximation of a correct answer. Finally, 

they must immerse themselves in the operational context of the real world so 

prob
that they may choose economically among the many possible "partial" 


lems in allocating their own potentially valuable resources.
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An Empirical Test of an Economic Model
 
for Establishing Research Priorities:
 
A Brazil Case Study
 

J. P. Ramnalho de Castro and G. Edward Schuh 

Increased attention has been given in recent years to the management and al
location of research resources according to specified criteria or to some sense 
of priority. This increased concern is in part a result of the growing recogni
tion that research is indeed an economic activity involving the organization of 
scarce resources. But, in addition, it reflects the growing consensus that tech
nical change is a key element in the development process.

This chapter reports a modest attempt to formalize the economic concepts
available for establishing research priorities, to utilize data to test the model,
and to bring to bear as much empirical information as possible on the prob
lem of establishing research priorities for a particular economy. The basic 
model draws on the concepts of consumer and producer surplus, the neoclas
sical theory of production, recent work on models of induced technical 
change, and a two-sector general equilibrium model. Important themes in the 
analysis are (1) that the specification of goals is a critical element in the estab
lishment of research priorities; (2) that an understanding of the distribution 
of benefits from technical change is a key to understanding the extent to 
which these goals are met; and (3) that in a country the size of Brazil regional 
differences are important. 

The Model 
The starting point of the model is to view new production technology as hav
ing an instrumental role in attaining a larger set of goals and objectives. Tech

498 
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nical change in agriculture can be understood in the context of the contribu
tions agriculture can make to general economic development. These contribu
tions include (1) supplying food for the total population; (2) supplying capi
tal to the economy, especially for expansion of the nonfarm sector; (3) sup
plying labor for the expansion of nonfarm activities; (4) supplying exchange 
earnings in order that imports critical to the development process can be pur
chased from abroad; and (5) providing a market for the products of the non
farm sector. The development and distribution of new production technology 
can be a powerful means of strengthening agriculture in regard to each of 
these factors. Hence, the demand for new production technology can be de
rived from this framework. 

There are rather obvious conflicts between some of these contributions. 
For example, if all of agriculture's surplus earnings are siphoned off as capital 
for the nonfarm sector, agriculture's potential as a market for goods and ser
vices produced by the nonfarm sector isgreatly reduced. In addition, the rela
tive importance of each contribution will depend on the stage of development 
of the economy, the particular development model the government uses as a 
basis for economic policy, and the specific policy measures the government 
uses to implement its policy.2 

For analytical purposes we specified four alternative sets of goals for the 
research program: (1) to increase the total net income of the agricultural sec
tor; (2) to increase employment and income of workers in tile agricultural 
sector; (3) to increase consumer welfare by providing food at lower real prices; 
and (4) to maximize the contribution of agriculture to the growth of the 
economy as a whole. These goals are somewhat broader than the contribu
tions that agriculture can make to economic development, although in most 
cases a direct linkage can be made to tile latter. The advantages of these par
ticular specifications are that they are operational in terms of the more for
mal model that will be presented below and that the), are commonly held 
goals for agricultural research. 

It should be obvious that to attain each of these goals may require differ
ent "kinds" of technical change. Hence, the choice of technology becomes an 
important issue. In addition, the kind of technology chosen will have differ
ent income distribution consequences, as will the choice of product on which 
to focus the research program. Therefore, we next turn to a discussion of the 
theory that will help to answer these questions. 

Induced Technical Change 

The basic idea of the induced innovation theory is that innovations and 
their resource-saving directions depend on economic conditions prevailing 
within a given economy rather than being determined exogenously to it, as 
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is frequently assumed. Hayami and Ruttan have extended the theory of in
duced innovation from its micro-formulation to an understanding of tech
nical change at the sectoral level. 3 

Two elements of the model developed by Hayami and Ruttan are of in
terest from our standpoint. First, they recognize that technical change can 
take alternative routes in its resource-saving effects and that the particular 
route it takes is conditioned by relative factor scarcities. This idea gives rise 
to the concept of an efficient path for technical change and suggests the im
portance of allocating scarce research resources so that technical change is 
directed along such an ceonomically efficient path. Hayami and Ruttan argue 
that for agricultural technology to be an efficient source of growth, it must 
be directed toward easing the barriers to output expansion posed by inelastic 
factor supplies. 

The second element of the Hayami-Ruttan model is the instrumental role 
it assigns to individual "technologies" in facilitating the substitution of one 
input for another. l-layami and Ruttan view biological improvements, such as 
the development of varieties that are more responsive to fertilizer, as a means 
of facilitating the substitution of fertilizer for land. Mechanization, on the 
other hand, is a means of facilitating the substitution of land for labor in the 
sense that it permits a substantial change in the man/land ratio, In both cases 
there is an infusion of capital into the production process, but the contribu
tion in facilitating substitution among the primary inputs of land and labor 
may be as important as the contribution of the additional input qua input. 

We use the Hayami-Ruttan framework in an ex-ante sense as a normative 
model of what direction technical change ought to take if it is to be an effi
cient source of growth. Our analytical-empirical task is to identify the re
source constraint that is inhibiting output expansion so that production tech
nology can be dirccted toward easing such constraint. This information will 
enable us to determine whether the research program should concentrate on 
biological or mechanical innovations. 

Distribution of Benefits between 
Consumers and Producers 

Although the notion of an efficient path for technical change (in the re
source dimension) can serve as an important basis for allocating research re
sources, it alone is not sufficient. Technical change has important income dis
tribution consequences, and these in turn are important in determining the 
extent to which a given research program will attain specified goals. One issue 
is the extent to which the benefits of technical change redound to the con
sumer or to the producer. A second issue is the extent to which the producer 
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surplus redounds to particular factors of production. In this and the following 

sections we turn to aconsideration of these issues. 

The concept of economic surplus is auseful tool for analyzing the distribu

and producers.4 The basic analyticalconsumerstion of benefits between 
is given in Figure 24-1. Suppose that before 

a closed economymodel for 
some technological innovation the equilibrium price and quantity are P0 and 

curve were perfectly elastic. The 
Q0. In addition, suppose that the supply 

gain to society from a technological change which lowered the supply curve 

to Si' would be the gain in consumers' surplus, A +B + C. if the initial supply 
a shift in the supply curve 

were perfectly inelastic, on the other hand,curve 
from QoS2 to QIS2' would result in both a change in producers' surplus (F + 

(A + B)) and achange in consumers' surplus (A + B + C). Ilowever, if the 
G 
supply curve is positively sloped, the net gain will be B +C +E + F, since the 

A, while the gain in consumers' sur-change in producers' surplus is (E + F) 

plus isA + B +C. 
For our purposes we want to extend this model to that of an open econ

omy with traded products. The distribution of benefits in this case can be un
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Figure 24-2. Effects of a shift in the supply curve as a result of technological 
change in an open economy. 

derstood by means of Figure 24-2. The figure is drawn on the assumption 

that the country is relatively unimportant in world markets so that its exports 

will not affect world prices. This assumption can be relaxed, although it was 

not necessary to do so in our research. 
With a shift in the supply curve, the elastic demand curve implied by an 

open economy will not allow for gains in consumers' surplus if the product 

has traditionally been exported. If the product was not exported before the 

technical change, there may be some gain in consumers' surplus as a result of 

the initial shift of the supply curve. This would occur, for example, if before 

the technical innovation the domestic price were above the world price and 
"protected" either by transportation costs or by trade policy. 

It can be seen from Figure 24-2 that all economic surpluses will accrue to 

the producers if the product has been traditionally exported. If this is the 

first time the product has been exported, however, and if the internal price 

was previously above the world market, the producers will share some eco

nomic surplus with the consumers for the initial shift in the supply curve. 

These concepts are useful tools for analyzing the return to investments in 

research, as illustrated among others by Griliches, Peterson, Ayer and Schuh, 

and papers presented at the Airlie Ilouse conference. 5 And if rate of return 
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criteria were to be used for establishing research priorities, the basic frame
work would provide a means of selecting the products to which researchers 
should give priority in their research efforts. 

For our purposes, however, these concepts provide a means of setting pri
orities in terms of more specific goals established by policy makers. Knowl
edge of the demand and supply elasticities will provide a basis for determin
ing whether the flow of benefits from a given technical change will be realized 
as a producer surplus or as a consumer surplus. Then, depending on whether 
the policy makers prefer to favor the producer or the consumer, research re
sources can be allocated accordingly. 

It should be noted that in the open economy case the export multiplier be
comes an additional mechanism through which social gains are realized. These 
gains are derived from the increased exportable surpluses made available by 
the new technology. Although recognized where relevant, the gains realized 
through the export multiplier are not explicitly accounted for in the empirical 
work reported below. 

Technological Change and the Neoclassical 
Theory of Distribution 

Another important aspect of the present study is to determine how the 
benefits of technical change are distributed among the factors of production. 
The neoclassical theory of distribution provides the means for analyzing this 
problem. At the macroeconomic level one distributional question of interest 
concerns the behavior of aggregate relative shares in response to technical 
change. In fact, one customary way of defining technological bias is by wheth
er the relative share of labor increases, remains unchanged, or declines as tech
nological change takes place. 

The problem in using the pure neoclassical theory is that the analysis is 
restricted to two factors. One possible way to proceed is to specify the aggre
gate production function in separable form, where the degree of substitutabil
ity among inputs is assumed to be greater than one within the postulated sub
functions, but less than one between subfunctions. More specifically, assume 

Y = F(f(L*, KL*), g (T*, Kr*) 

where Y is the aggregate agricultural output, T and L are land and labor in
puts, respectively, KL is laboresque capital (mechanical), and KT is landesque 
capital (biological, chemical, and agronomic). 6 The asterisk indicates that the 
factor in question is measured in "effective" units, e.g., L* = tLL, where tL 
is an index of nonneutral technological change which increases the quality, or 
"effective units," of the nominal input L (labor). The further assumptions of 
fixed input prices, homogeneity, and weak separability permit the definition 



504 DE CASTRO and SCHUII 

of price indices for the subfunctions on the basis of which the optimization 

process can be performed ir two separable stages. 

Elasticities can be derived which indicate the effect of nonneutral tech

nological change on the income to individual factors, on the functional dis

tribution of income, and on the employment of individual factors of produc

tion. Since the magnitudes of the estimated elasticities of substitution were 

not consistent with the a priori restrictions, this part of the analysis was prej

udiced. 7 However, the parameters of the production function are of interest 

in their own right and will be presented below. 

General Equilibrium Considerations 

The analysis above assumes a partial equilibrium framework. Ilowever, to 

provide a complete view of the effects of technological change in one sector 

of the economy on employment and the returns to factors, general equilibri

um considerations must be taken into account. The problem that arises in the 

general equilibrium framework is that technical change affects the level of 

output, which in turn can affect the relative prices among products. The 

change in price of the product can lead to a redeployment of resources which 

in some instances can more than offset the direct effect of the production 

technology on factor productivity. 

l.mpirical Results 

The empirical results are presented in three sections: ) estimates of the total 

potential gains from an assumed technologically induced shift in the supply 

curve for selected crops, together with estimates of the distribution of these 

gains between producers and consumers; (2) estimates of the parameters of 

the underlying production function; and (3) data on recent trends in factor 

prices as a basis for determining relative factor scarcity. 

Total Gains from Assumed Shifts in the Supply Curve and
 
Their Distribution between Consumers and Producers
 

At some point in the decision process allocation decisions on research mon

ey are made on a crop basis. (The livestock sector was excluded from the 

present study). Policy makers decide that X amount of money will be allocat

ed to crop Y and that some crops will receive attention while others will not. 

Our assumption is that decision variables involved in this process include 

some judgment about the expected flow of total benefits from agiven research 

effort and some notion of who will receive the benefits of the research. 

Two criteria were considered in selecting crops for this part of the analysis. 

The first was their relative economic importance as measured by value of total 
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output, total area planted to the crop, and the geographic spread of the crop 
over the country. The second criterion was the size of the price elasticity of 
demand, since this parameter is important in determining the relative distribu
tion of benefits between consumers and producers. 

An important determinant of the size of the demand elasticity is whether 
the product is exported or not. Therefore, it was decided to choose some 
products that have only a domestic market and others that either have been 
exported in the past or have the potential to be exported. By this means the 
analysis would consider arather wide range of values for the structural param
eters. 

The crops chosen according to these criteria were cotton, sugarcane, corn, 
rice, edible beans, and manioc.8 Cotton and sugarcane are traditional exports 
from Brazil. Rice and corn have been exported occasionally but for the most 
part on a much smaller scale than cotton and sugarcane. Edible beans and 
manioc are traditional staple foods which for the most part have not been ex
ported. During the period 1966-70 these six crops accounted for 46 percent 
of the total value of output from crops and 74 percent of the total area in 
crops. Moreover, each of them was grown over a rather wide area in Brazil. 

Available estimates of the demand and supply elasticities for these crops 
are summarized in Tables 24-1 and 24-2. As the tables indicate, there has 
been more work on the supply side than on the demand side, and on the sup
ply side there were more estimates available for the state of Sdo Paulo than 
for Brazil as awhole or for other states. 

Given the range in the estimates of the parameters, three alternative esti
mates for each crop were selected on the supply side - low, medium, and high 
•- and two were selected on the demand side - low and high. On both the de
mand and supply side it was necessary to specify arbitrary values in some in
stances in order to have a desired range in the parameters. For sugarcane and 
rice a relatively elastic response to price on the demand side was assumed 
since both have considerable potential in world markets. (The available esti
mate for sugarcane is based solely, on the domestic market.) In the case of 
manioc, for which no estimates of the demand clasticity were available, it was 
assumed from a priori knowledge that it is an inferior good and that it there
fore would be expected to have a low elasticity of demand. 

The elasticities chosen are presented in Table 24-3. It would have been 
desirable to have more precise estimates of these parameters, but economet
ric work is not yet very far advanced in Brazil. Consequently, the results 
which are presented below have to be interpreted as illustrative of the effects 
of demand and supply elasticities in determining who receives the benefits 
from technologically induced shifts in the supply curves. 

Since the analysis is cast in an ex-aute rather than an ex-post framework, 



Table 24-1. Selected Supply Elasticities for Brazil, State of Sio Paulo, and State of Goias from Various Authors 

Sio Paulo 
Brazil Toyama & Ayer & Goias 

Pastore Paniago Thompson Pastore Pescarin Brandt Schuh Villas 

Products SRa LR b SR LR SR LR SR LR SR LR SR LR LR SR LR 

Cotton ......... 19 .63 	 1.22 2.03 .37 .69 1.57 .944
 
Sugarcane ...... .16 .16 .12 .12 .27 .39 
Rice........... 31 1.17 .31 1.74 .61 1.96 .42 .69 .62 4.10 .30 2.34 
Corn ........... 15 .57 .15 .58 .83 3.32 .45 2.55
 
Edible beans. 14 .15 .37 .37 .31 .43 .10 .31
 

0 Manioc... ... 11 .96 	 .26 .47 

Source: A. C. Pastore, "A oferta de produtos agricolas no Brasil," Pesquisae planej.:".ento, 1:2 (December 1971). 171-234. E. Paniago, 
"An Evaluation of Agricultural Prices for Selected Food Products: Brazil," Ph.D. thesis, Purdue University, 1969. R. L. Thompson, "The 
Impact of Exchange Rate Policy and Other Restricted Policies on Corn Exports in Brazil," M.S. thesis, Purdue University, 1969. N. K. 
Toyama and R. M. C. Pescarin, "Projeqoes da oferta agricola do Estado de Sio Paulo," Agricultura em Sao Paulo 17:9-10 (September-
October 1970), 1-97. S.Brandt, M. Barros, and D. D. Neto, "Rela oes area-preWo de algodao no Estado de Sio Paulo," Agriculturaem Sfo 
Paulo, 12:1-2 (January-February 1965), 31-38. I. W. Ayer and G. E. Schuh, "Social Rates of Return and Other Aspects of Agricultural 
Research: The Case of Cotton Research in Sio Paulo, Brazil," AmericanJournalof Agricultural Economics, 54:4 (November 1972), 557
569. A. T. Vilas, "Estlinativas de funoes de oferta de arroz para o Estado de Goias e suas implica oes economicas, periodo 1948-1969," 
M.S. 	thesis. Federal University of Vicosa, Brazil. 1972.
 

a Short-run elasticity as implied by a Nerlove-type distributed lag model.
 
b Long-run elasticity as implied by a Nerlove-type distributed lag model.
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Table 24-2. Selected Elasticities of Demand for Brazil 
and the State of So Paulo from Various Authors 

Product Elasticity Author 

Cotton ........ ..-
Sugarcane ...... .. 
Rice.......... ...-

5 .3a 
- .561) 

.10 
-. 16 

Aver & Schuh 
Martini 
Paniago 
Mandcll 

Corn ......... ...-
Edible beans ..... 

.66 
- .32 

Thompson 
Paniago 

Source: 1I. W. Ayer and G. E. Schuh, "Social Rates of 
Return and Other Aspects of Agricultural Research: 
The Case of Cotton Research in Siu Paulo, Brazil," 
Anerican Journal of Agricultural I'conopnics, 54:4 
(November 1972); E. Martini, "A~dcar no Brasil: 
Produ~ao, procura e preqo," M.S. thesis, Federal Uni
versity of Vicosa, Brazil, 1964; E. Paniago, "An Evalu
ation of Agricultural Prices for Selected Food Prod
ucts: Brazil," Ph.D. thesis, Purdue University, 1969; 
P1. 1. Mandell, "A expanslo da moderna rizicultura: 
Crescimento da oferta numa economia dinamica," 
Revista Brasileirade econoinia, 26:3 (July-September 
1972), 169-236; 1R.L. Thompson, "The Impact of Ex
change Rate Policy and Other Restricted Policies on 
Corn Exports in Brazil," M.S. thesis, Purdue Universi
ty, 1969. 

a Elasticity for the State of Sdo Paulo. 
b Demand elasticity for sugar. 

an arbitrary shift of 10 percent was assumed for the supply curve. One of the 
first results obtained is the flow of total benefits by crop that would result 
from the specified shift. Based on the average value of output in the 1966-70 

period, the annual flow of benefits from a 10 percent shift to the right in the 
supply curve is estimated to be: rice, $157 million; corn, $145 million; sugar

cane, $106 million; manioc, $92 million; edible beans, $88 million; and cot
ton, $88 million. These data represent gross benefits since neither the cost of 

obtaining the supply shift, the value of complementary inputs such as fertil
izers, nor adjustment costs are considered. The gross benefits give some no

tion of the relative payoff from investments in research under the assump

tions that the cost of obtaining a given supply shift is the same among crops 
and that complementary inputs and adjustment costs are ignored. It is worth 

noting, moreover, that the gross flow of benefits is determined largely by the 
relative economic importance of the crop. The elasticities have less influence. 

Data on the relative distribution of these benefits among consumers and 

producers according to various assumptions about the structural parameters 
are summarized in Table 24-3. The results support the notion that technologi
cal shifts for crops that have a relatively high price elasticity of demand (e.g., 
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Table 24-3. Percent of Benefits to Consumers and Producers Resulting from a Specified

Shift in the Supply Curve, Based on Two Demand and Three Supply Elasticities
 

for Each of Six Crops, Brazil
 

Percent of Benefitsa 

Demand Con- Pro- Con- Pro- Con- Pro-
Crop Elasticities sumer ducer sumer ducer sumer ducer 

(.19) (.94) (1.57)
Cotton ...... ..- 2.00 9 91 32 68 42 58 

- 5.30 4 96 15 85 23 77 
(.10) (.60)Sugarcane .. . - . .56 16 84 52 48
 

-2.50 4 96 19 81
 
(.31) (1.17) (2.34)


Rice ...-.... - .16 20 
 80 88 12 94 6 - 1.50 17 83 44 56 61 39 
(.15) (.58) (3.32)Corn .. .... - .30 33 67 66 34 92 8 

- .66 18 82 47 56 83 17 
(.15) (.31) (.43)Edible beans... - .32 32 68 49 51 57 43 

- .50 23 77 38 62 46 54 
(.1 1) (.47) (.96)Manioc ...... - .10 52 48 82 18 91 9 

- .30 27 73 61 39 76 24 
a Supply elasticities arc given within parentheses. 

crops with export potential) will tend to favor the producer, while for crops
with a relatively low price elasticity of demand (e.g., necessities) tile shifts 
tend to favor the consumer. However, the results also illustrate that it is the 
relative magnitude of the elasticities that is important. If the supply elastici
ty were larger than the demand elasticity, regardless of the absolute size of 
the demand elasticity, the consumer would tend to receive a larger share of 
the benefits. (The extreme cases of perfectly elastic or perfectly inelastic de
mand and supply curves are ruled out of this comparison.) 

The case of rice illustrates this relationship rather well. Even with a rela
tively low price elasticity of demand, producers receive a major share of the 
benefits from a shift in tile supply curve if the supply elasticity is low. Simi
larly, if the supply elasticity is high, consumers can receive a (comparatively) 
large share of the benefits even if the demand curve is relatively price elastic. 
To benefit consumers, therefore, one would want to induce shifts in the sup
ply curve for crops that have a relatively low price elasticity of demand and 
a relatively high supply elasticity (manioc may be a case in point). To benefit 
producers, on the other hand, one would want to shift the supply curve for 
crops that have a relatively high price elasticity of demand and a relatively 
low supply elasticity (cotton, for example). 



AN EMPIRICAL TEST OF AN ECONOMIC MODEL 509 

An additional inference that could be drawn is that, if the crop has a high 
price elasticity of demand, the research effort might be directed to increasing 

the supply elasticity if it were desired to increase the share of benefits going 
to the consumer. This might be done by increasing the geographic area of 
adaptability of a particular crop. 

Estimates of the Production Function 

The estimates of the parameters of the separable production function pro
vided important insights about the stage and character of modernization in 
Brazilian agriculture, even though they did not turn out quite as expected.* 
To estimate the parameters of this function it was assumed that the aggregate 
production function is strongly separable into two subfunctions that are 
homogeneous of degree one and which belong to the CES class of production 
functions. One subfunction contained labor and the "laboresque" capital vari
able (mechanization) as independent variables, and the other contained land 
and the "landesque" capital variable (fertilizers). It was expected that the 
elasticity of substitution between the two variables in each subfunction would 
be greater than one and that the elasticity of substitution between the two 
subfunctions would be less than one. 

Two time series of data for Brazil as a whole were available to estimate the 
parameters of the labor subfunction. One data series referred to tractors on 

farms and covered the period fron 1950 to 1971. This was used as a proxy 
for laboresque capital, with the price of a "typical" tractor unit used as the 
price. The flow of tractor services was estimated as the combination of an op
portunity cost rate of interest and depreciation. (The opportunity cost of 
capital was assumed to be 10 percent, and the depreciation charge was 5 per
cent. The latter assumes straight line depreciation and an expected life of 
twenty years. Sensitivity analysis indicated that the results were quite stable 

under alternative measures of the flow of services.) Estimates of the labor in
put were made from data on the total agricultural labor force. The daily 
wage rate for the cash, daily-paid worker of SjIo Paulo was used as the price 
of labor. 

The second time series provides estimates of the stock of horsepower on 
farms and is available only for the period from 1962 to 1971. This data series 
provides an alternative measure of laboresque capital. It was also possible to 
estimate an average price per unit of horsepower. In this case the "stock" of 

horsepower also represents the flow, and hence the problem of estimating the 
flow of services is reduced. Again, the price of the "flow" of horsepower was 

*The authors' detailed discussion of the production functions utilized has been onitted 
to shorten ant simplify the presentation. For details, see the work cited in n. 7. - Ed. 
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Table 24-4. Regression Results for the Labor Subfunc
tion with Time Series Data, National Model, Brazil 

Proxies 

Tractor Horsepower 
Coefficients (1950-71) (1962-71) 

Constant term .... - 12.588" - 2.1740
 
Price variable . . .. 3.740 - .605
 

(- 10.681)it . .. .. .. . .46 .92 
D.FV . .. .. ... 20 8 

(4.231)a 

* Significant at the 1 percent level. 
a The numbers in parentheses are t values. 

estimated by assuming a twenty-year life for the tractor. The labor input and 
price of labor were defined in the same way when this data series was used. 

The statistical results with the two sets of data are presented in Table 24
4. In both cases the), are reasonably good. The coefficients of determination 
are relatively high, and the coefficients for the price variable are statistically 
different from zero at the 1 percent level. lowever, the price coefficient has 
opposite signs in the two equations. (The R2 in the horsepower specification 
is also substantially higher than it is in the tractor specification.) The sign 
when data for the longer period (and the tractor variable) were used was con
trary to a priori expectations, while the expected sign was obt.ined when 
data for the shorter period (and the horscpower variable) were used. 

One interpretation of these results is that about 1960 there was what Brown 
would call a technological turning point. 9 To test this hypothesis, the 1950
71 series was disaggregated into two periods, one extending from 1950 through 
1961 and the other from 1962 through 1971. The statistical results for the 
two periods are presented in Table 24-5. They support the hypothesis of the 
existence of a turning point. 

The evidence for a technological turning point is rather strong, since the 
negative coefficient for the more recent period is obtained with both con
cepts of the laboresque capital. Ilowever, a problem still remains. When the 
capital variable is measured as the value of tractor set-,ices, tile coefficient of 
the price variable is larger than one and hence consistent with a priori expec
tations. When the flow of horsepower services is used, the coefficient is less 
than one and hence not entirely consistent with expectations. Despite this 
problem, the results with the horsepower measure were used in further anal
yses, in part because horsepower would seem to represent a conceptually 
"cleaner" measure of the services provided by laboresque capital, and in part 
because the use of this measure results in a larger coefficient of determination 
for the estimation equation (.92 in contrast to .48). 
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Table 24-5. Regression Results for the Labor Subfunc
tion with 1950-71 Time Series Disaggregated into
 

Two Components, National Model, Brazil
 

Coefficients 1950-61 1962-71 

Constant term ..... .- 10.500' 5.5700 
Price variable ..... 2.754 - 2., 11 

2. 
R. ......... 

( 12 .5 1 0 )a 
.93 

(- 2.902) 
.48 

D.F ......... .... 10 8 

* Signficant at the 1 percent level.a The numbers in parentheses are t values. 

Both the notion of a turning point and the relatively small coefficient for 
the price variable are plausible results. Up until 1960 the level of niechaniza
tion was indeed low in Brazil. 10 Moreover, the most important use of tractors 
was for the power-demanding land preparation operation, which is believed 
by most authorities on the subject to increase the demand for labor rather 
than to be labor displacing. The increased demand for labor comes about by 
increasing the crop area and yields. I1 

During the 1960s there was considerable mechanization in Brazil. More
over, a start was made toward mechanizing the harvesting operation, especial
ly for crops like wheat, soybeans, and cotton, and, to a lesser extent, sugar
cane. The mechanization of the harvesting operation is generally believed to 
be strongly labor displacing. 

This difference in both the extent and the kind of mechanization seems a 
plausible explanation of the turning point. The finding of a coefficient no 
greater than one is probably explained by the fact that as late as 1971 mech
anization in general was fairly limited and in particular was not yet widely 

used in the harvesting operation. As mechanization becomes more widespread, 
however, and as it is extended to the harvesting operation through greater use 
of combines and harvesters, the substitutability of capital for labor will prob
ably increase. This has important implications for tile establishment of re
search priorities. 

To estimate the parameters of the land subfunction, data were available on 
the total quantity consumed and the respective prices for each nutrient (N, 
P, K) plus the area in crops in Brazil.12 Unfortunately, data were available on 
land values or land rentals only since 1966. Therefore, only the price of fertil
izer was used as an independent variable in estimating the elasticity of substi
tution. This specification assumes that the price of land does not van' sys

tematically with the price of fertilizer. 
Given that the results for the labor subfunction suggested a turning point 

in the production technology at sonic time in the early 1960s, the equations 

http:Brazil.12
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were estimated for two different time periods: 1950-60 and 1961-70. In addi

tion, separate models were estimated for each nutrient and for the aggregate 

of the three. 
The statistical results (Table 24-6) were consistent with those for the labor 

subfunction in that they also indicated the existence of a technological turn

ing point in the early 1960s. When the equations were fitted with data from 

the 1950-60 period, in no case were the coefficients of the price variable sig

nificantly different from zero, and the coefficients of determination were 

close to zero. These results were consistent with the hypothesis that the elas

ticity of substitution between fertilizer and land is zero, or that they are com

plements in production. 
When data from the 1961-70 period were used, however, the coefficients 

of the price variable were all significantly different from zero at usually ac

cepted levels, and the coefficients of determination were relatively high. The 

coefficients all have the expected signs, and for nitrogen and potash the coef

ficients (elasticities of substitution) are greater than one. This suggests that 

fertilizer was becoming a good substitute for land. 
In conclusion, the time series data provide evidence for a technological 

turning point in both components of the production function. The explana

tion for these turning points seems to be that during the decade of the 1950s 

the modern inputs of fertilizer and machinery were still used at relatively low 

levels. The complementarity of fertilizer with land was not quite so high as 

was the coinplementarity of mechanization with labor. In fact, fertilizer ap

plication may have been doing little more than replacing nutrients removed 

by crops. During the decade of the 1960s, however, the use of both fertilizer 

and mechanization appears to have reached the point where they were land

and labor-substituting, respectively. This change in structure has very impor
tant implications for research policy and the establishment of research pri
orities. 

Because of data limitations, only one estimate of the elasticity of substitu

tion between the two subfunctions was made. The statistical results were 

reasonably good. The coeffit ient of determination was relatively high (.74), 
and the coefficient of the input/output ratio had the expected sign and was 

significant at the 1 percent level. The size of the elasticity of substitution 
(.90) as estimated from the input/output ratio was consistent with a priori 

expectations (less than 1). 

Trends in Factor Prices 

Trends in factor prices should give some notion of relative factor scarcity 

and hence some notion of the direction in which research should be focused 

in the factor-factor dimension. It was originally hoped to be able to estimate 



Table 24-6. Regression Results for the Land Subfunction, Time Series Data. 1950-70, Brazil 

N P2 0 5 K 20 Total 

Item 1950-60 1961-70 1950-60 1961-70 1950-60 1961-70 1950-60 1961-70 

Constant term. . . . 2.004 2.994 1.060 2.395 .462 3.587 .869 3.341 
Price of fertilizer -. 778 - 1.025* - .202 - .717" - .079 - 1.237"* -. 010 -. 93300 

2 (- .8 6 0 )a
.07 

( 7.328)
.85 

(0.437)
.2 

(- 2.729) 
.45 

(- .105) 
.0() 

(- 3.424) 
.56 

(- .015) 
.00 

(- 5.751) 
.79 

Degrees of freedom 9 8 9 8 9 8 9 8 

* Significant at 5 percent level. 
"* Significant at 1 percent level. 
a Numbers in parentheses are t ratios. 
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Figure 24-3. Recent trends in factor prices in real terms, Brazilian agriculture, 
1966-73 (prices deflated by the cost of living index; data for 1973 refer to the
 
first semester).
 
Source: Funda~ao Getulio Vargas, Cuojuntura h conomica, various issues.
 

implict prices through knowledge of the production function, but, because 
the lack of time series data on land values precluded the identification of a 
key parameter, this was not possible. Instead, trends in the prices of the indi
vidual inputs were considered. 

Data on the real price of land and labor, the two primary inputs, are graphed 
in Figure 24-3. The data indicate that between 1968 and 1973 the price of 
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land had been increasing faster than the price of labor, although the pric

es of both have been increasing since 1970. These data suggest that in re

cent years land has become increasingly scarce in relation to labor. There
fore, a tentative conclusion is that the agricultural research program should 

give special attention to the development and adoption of land substi
tutes. 

This conclusion should be tempered with a certain degree of caution, how
ever, because Brazil is basically not a land-scarce country. It still has large 
areas of unsettled land, and the government is making sizable investments to 

open up new areas, especially in the vast Amazon region. Thus it is possible 
that the relative scarcities of land and labor may change, especially if the re
cent rapid rates of industrialization continue and if new areas of fertile land 

become available to the economy as a result of improvements and extensions 
of the transportation system. 

The trends in the prices of the close substitutes of labor and land - tractors 

and fertilizers, respectively -provide additional insights into what direction 
research should take. In general the weighted price of fertilizer has been de
clining relatively more than the price of tractors. The real price of fertilizers 
in the aggregate declined some 35 percent from 1966 to 1970, while the price 

of tractors declined on the order of 25 percent. Among the plant nutrients, 
nitrogen has experienced tile greatest decline in price, followed by potassium, 

with the price of phosphorus (an important nutrient under Brazilian condi
tions) declining the least. 

These data abstract from the recent upsurge in fertilizer prices. flow

ever, if this is of a temporary nature, the data on price trends suggest that 

research on the land subfunction - the development of improved varieties, 

increased knowledge about pesticides and fertilizers, etc.-should receive 

high priority. It should be noted that recent efforts of the Brazilian govern

ment to strengthen its agricultural research arm are therefore in the right 
direction. Moreover, the large road-building programs designed to open up 

new areas are also consistent with the need to case what appears to be a grow
ing land constraint. 

The decrease in fertilizer prices which was occurring until recently makes 

the development of fertilizer-responsive varieties an attractive means of casing 

the emerging land constraint. If the current economic boom continues, how

ever, the mechanization of agriculture may also become an increasingly im

portant aspect of the development process. 
Finally, the use of modern inputs has increased fairly rapidly in recent 

years. The fact that this increase appears to be the result of changing factor 

prices provides support for the model of induced technological change from 

which the present analytical model was developed. 



516 DIE CASTRO and SCIIUII 

lconomic and Policy Implications 

The results presented above do not provide conclusive recommendations on 
costs ofresearch priorities since they do not take account of the expected 

making a given technological advance. However, they do suggest certain em

phases for consideration in allocating a given research budget among the 

many alternatives faced by the decision-maker. The particular emphasis chosen 

will depend on tile goals held for the research program. 

The following discussion is organized in four parts. First, the focus of the 

research in the factor-factor dimension is dealt with. Then some general equi

librium matters are discussed, followed by a consideration of research priori

ties in the product-product dimension. Finally, a crude evaluation of the po

in the six crops studied is presented as atential for technological change 

proxy for the cost of making technological advances with them. An implicit 

assumption throughout the analysis is that the rate of return to investment in 

agricultural research will be high. 

The Factor-Factor l)inension 

In the context of the I layami-Ruttan induced innovation model the cor

rect technological path for a country to choose is that which eases the par

ticular factor scarcity that is constraining output expansion, with the factor 

being those of the primary inputs, land and labor.scarcities of major interest 

The trends in relative factor prices are important, since these would indicate 

which resource was Most inelastic in supply. 

Data on the trends in relative factor prices were summarized in the previ

ous section and provide strong clues on the direction that research should 

take in Brazil. There was evidence of a growing relative factor scarcity of both 

land and labor in recent years, but the price of land was increasing at a much 

higher rate than the price of labor. This suggests that greater emphasis should 

be given in tile research program to the land suhfunction than to tile labor 

subfunction. Of particular interest would be research which helps to bring 

more land into production (soil research, for example) or which facilitates the 

replacement of land by land substitutes. Soil research might be focused on 

problem soils such as the cernados, 13 while biological research might focus on 

the development of varieties that are more responsive to fertilizer. 

A legitimate question might be raised whether so much emphasis on raising 

soland productivity is justified when labor productivity is low and higher 

earnings are not likely to be realized until the productivity of labor is increased. 

not mutually exclusive, however. If one recognizes theThese alternatives are 

well-known relationship b, tween labor productivity and the productivity of 

land and the land/man ratio, 

Y/1 = (Y/T) (T/L), 
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(where Y = gross output, L = labor, and T = land), it becomes clear that in
creasing the productivity of land may raise tile productivity of labor without 
having a large labor-displacing effect. To focus more directly on raising labor 
productivity by increasing the land/labor ratio (by increasing mechanization,
for example) may have a strong labor displacement effect. 

Considerations such as these may have special relevance in the Brazilian
Northeast, where the land frontier is almost closed, some 63 percent of the 
labor force is still in agriculture, and the absorptive capacity of the nonfarm 
sector is still quite limited. Increasing the productivity of land may be the
only way that agricultural research can improve the welfare of the rural popu
lationt without having strong labor-displacing effects. Ultimately, of course,
other measures are needed to solve this problem, including greater invest
ments in schooling and training, the reduction in factor price distortions, and 
more generalized industrialization within the region. These may be more ef
fective means of solving the problem of low returns to labor than agricultural 
research per se. 

This discussion of the special problems of the Northeast brings to the fore 
the larger question of regional disparities in a country as large as Brazil. For 
example, in contrast to the Northeast, the frontier oIf the Central West is
characterized by a relative abundance of land and a relative scarcity of labor. 
Sanders has argued that one of the reasons for mcchanizatioi, on the Mato
Grosso and Goias frontiers is the cost of obtaining and controlling seasonal 
labor.14 

Trends in the prices of land and labor in selected regions arc presented in
Figures 24-4 and 24-5. Land prices have been increasing at a faster rate in the 
old regions (Northeast, East, and South) than in the more recently opened re
gion, the Central Vest. There is less disparity in the trends in real wages, but
 
in the last two years there 
was a sharp upward movement in both the West

and the 
 East. The latter region is close to the industrial heartland of Belo
 
Ilorizonte, Guanabara, and 
 Sao Paulo. The rapid industrialization of recent
 
years has drawn a lot of labor away from agriculture in this region, with the
 
result that the real wage has started to rise.
 

To summarize, the discussion above suggests two basic conclusions if out
put growth is the primary goal of technology policy. First, in the aggregate,
primary attention should be dirccted to the land subfunction in order to ease 
what appears to be a growing land constraint to output expansion. I lowever,
given the regional diversity in Brazil, a case can be made for regional differ
ences in research policy. In the Northeast, East, and South, major emphasis
should be given to raising land productivity. In the West and East, however, 
a labor constraint is emerging. Moreover, if the economy continues to expand
at the rapid rates of the recent past, more attention may need to be given 
generally to the problem of labor scarcity. 
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Figure 24-4. Recent trends in land prices in selected regions, real terms, Brazil, 
1966-73 (prices deflated by the cost of living index; data for 1973 refer to thefirst semester). 

General Equilibrium Considerations 
The analysis above has been cast in a partial equilibrium framework. Ilow

ever, a technological breakthrough is expected to lead to a shift of resources 
from one crop to another as well as from agriculture to the nonfarm sector. 
A two-sector general equilibrium framework is useful for analyzing these shifts 
and for drawing implications regarding tile allocation of research 15 resources. 

The contribution of the general equilibrium model is to introduce the price
elasticity of demand for the product into the analysis so that conclusions can 
be drawn about changes in the distribution of income between the two fac
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Figure 24-5. Recent trends in labor prices for selected regions, real terms, Bra
zil, 1966-73 (prices reflected by the cost of living index; data for 1973 refer to 
the first semester). 

tors of production, labor and capital. The discussion will be conducted in two 
steps. First, the agricultural sector will be analyzed in relation to the nonagri

cultural sector. Second, groups of crops, classified according to their price 

elasticity of demand, will be considered in relation to the rest of the econ
omy. 

Consider the introduction of a land-saving (or land-augmenting) technical 
change into agriculture. The estimates of the elasticities of substitution in the 
production function were .625 between labor and mechanization, .933 be

tween land and fertilizer, and .900 between the land subfunction and the 
labor subfunction. Since the labor subfunction was made "p primarily of 

labor (the level of mechanization being quite low), we have essentially two 
estimates of the elasticity of substitution between) labor and other inputs: 
.625 and .900. The latter is probably more appropriate foi the present anal

ysis, for it indicates the elasticity of substitution for a broader category of 
inputs. 

In a closed economy the price elasticity of demand for agricultural output 

in the aggregate tends to be low. Although to the best of our knowledge no 
estimates are available for Brazil, most analysts would judge this elasticity to 
be in the range of .4 to .6. Under these conditions a decrease in labor incomes 

is expected from the technical change, and a redeployment of labor out of 

the sector will be the result. 
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If the economy is opened, the demand elasticity will be much larger, with 

the size depending on the extent to which the small-country assumption ap
plies and on the relative importance of exports. In principle the elasticity of 
demand in the aggregate could be sufficiently large so that no decline in labor 
income would result nor would a redeployment of labor out of agriculture be 
required. I lowever, in the past Brazil has discriminated severely against its 

agricultural sector by means of restrictive trade policies (export quotas) and a 
greatly overvalued currency. Consequently, technical change would have been 
strongly labor displacing, Almost independently of what technological path 
was chosen. 

During the late 1960s and early 1970s trade policy shifted to overt export 
promotion, with an exchange rate that was near equilibrium. But because of 
the convulsion in commodity markets in recent years, restrictive practices 
have been imposed again to protect the domestic consumer. This is being 

done at the very time that the research infrastructure is being strengthened. 
It should be noted that, although such policies do benefit consumers, they 
force a major adjustment problem onto tle labor force. 

The results arc similar at the lower level of aggregation. Products such as 
rice, corn, edible beans, andil nianioc havc relatively low price elasticities of 
demand. A technological change for any one or all of these crops will release 

labor to the rest of the agricultural sector and to the nonfarm sector, and ad
justments will be required ifa new equilibrium is to be reached. If the research 

program is focused on export products such as cotton and sugarcane, how
ever, the expected outcome will be an increase in the return to labor and an 
increase in employment, other things remaining equal. 

The moral to this story is that even technical changes which are not direct

ly labor displacing can cause the displacement of labor as a result of the out
put effects and their effect on product price. To tile extent that the research 
program focuses on export products and free trade is promoted, this problem 
need not arise. But to limit the research program to export crops is to forgo 
the benefits to consumers from a more generalized technical change. If these 
benefits arc desired, then complementary policies to facilitate the labor ad
justment problem are required. 

The Product-Product Dimension 

As the analysis above suggests, the choice of product for research emphasis 
is an important determinant of who will receive the benefits from agiven ex

penditure on research. This is because the price elasticity of demand for the 
product is ai important determinant of the distribution of benefits between 

the producer and the consumer, as well as the functional distribution of in
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come. The present section contains a more systematic analysis of this choice, 
cast in the framework of four alternative sets of goals. (The role of the supply 
elasticity is submerged in this discussion.) 

If policy makers choose to increase the income to the agricultural sector as 
their primary goal, the products that should be considered are those with a 
large price elasticity of demand. Among the six products treated in this study, 

cotton and sugarcane would be the obvious choices, since they are traditional 
export products. But products such as corn, of which Brazil is a marginal ex
porter, would also have considerable potential. And more generally, products 
which are already exported or which would have export potential with tech
nological improvements should receive attention. 

The same set of conclusions would apply if the goal were to increase the 
income and employment of agricultural labor. If the technological change is 

in the land subfunction (i.e., the development of more fertilizer-responsive 
varieties and the increased use of fertilizer), then it is sufficient that the price 
elasticity of demand for the product be greater than .9 in order for the speci
fied goal to be attained. Obviously labor-displacing technologies such as mech
anization should be avoided, with an important caveat for that mechanization 
which does increase the demand for labor. 

If the goal is to increase consumniers' weljifre, the choice should stress those 
products which have a low price elasticity of demand. And it may be desirable 
to emphasize those products that are consumed by low-income groups. Of the 
six products considered in this study, corn, edible beans, and manioc would 
receive high priority, as would rice. As development proceeds in Brazil, corn 
is declining in importance as a human food, but it may eventually become im
portant as a feed input for the production of the livestock products. Rice is 
consumed by all income groups, but as long as the goal is to benefit the con
sumer, it should receive attention. 

The attainment of the goal of enlarging agriculture's contribution to gen
eral economic development is a bit more complicated than achieving the other 
three goals. It depends in part on casing the constraints which prevent the 
economy from realizing its potential. The choice of product for research em
phasis can contribute to this end, as seen by recalling the five contributions 
that agriculture can make to the general development of the economy: (1) to 
keep the price of food low so that wage pressures are diminished - a stimulus 
to industrialization, (2) to increase the supply of exchange earnings, (3) to 
supply capital for the expansion of th- nonfarm sector, (4) to provide a mar
ket for the products from the nonfarm sector, and (5) to supply labor for the 
expansion of the nonfarm sector. 

The product choice to facilitate contribution (1) is the same as that for 
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benefiting the consumer. Certain agricultural products are wage-goods, and 
these should receive emphasis. Among the six products considered, emphasis 
should be given to corn, rice, edible beans, and manioc. 

Contributions (2), (3), and (4) will be attained by the same product choice 
that will increase the income to agriculture in the aggregate. To the extent 
that the choice focuses on export products there will be less competition with 
the nonfarm sector through the product market and a larger net gain to the 
economy. 

Finally, to release labor from agriculture (5), two approaches can be taken. 
The first is to concentrate on labor-displacing mechanization. The second, 
and more important in the present context, is to focus the research effort on 
those crops with a low price elasticity of demand. Since these products tend 
to be those that are wagc-goods, such an approach would make a double con
tribution to the labor market. In addition to releasing labor directly from the 
agricultural sector, it would also keep nominal wages down in the nonfarm 
sector by helping to lower the price of wage-goods. 

'Fhe Potential for Technical Change 

Our analysis up to this point has completely neglected the cost sid-e of the 
question. The assumption has been implicit that comparable investments in 
research directed to each of the crops would produce comparable results. This 
is not likely to be the case. 

In the absence of data on the costs required to obtain agiven technological 
advance or data on the expected rate of return to research on particular crops, 
other rather crude indicators can be considered. For example, the immediate 
potential for yield increases might provide acrude proxy for the costs required 
to obtain yield increases. One measure of this potential would be a compari-' 
son of yields in Brazil with those in other countries. Another indicator would 
be the ease with which international technology can be adapted to Brazilian 
conditions. 

A comparison of yields in Brazil with those from selected other countries 
for each of the six crops considered shows that, in general, Brazilian yields 
are quite low by international standards and have shown little tendency to in
crease. On the basis simply of the differentials between Brazilian and these 
foreign yields, we may hypothesize that yield increases will be easiest to ob
tain with corn, followed by rice, cotton, sugarcane, edible beans, and manioc, 
in decreasing order. This consideration of existing yield differentials, although 
a crude indicator, may provide a first approximation of the costs involved in 
increasing yields. 

With respect to the transfer of technology, the most promising potential 
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would appear to be with those crops that have received attention from the in
ternational centers. Not only have these centers concentrated on increasing 
the ecological adaptability of the crops they work with, but the), also have 
the capacity to deal with these crops under ecological and economic condi
tions that are at least somewhat similar to those in Brazil. By this criterion, 
rice, wheat, corn, and manioc may offer the lowest cost advances. 

Some Concluding Comments 

The "model" presented here does not lend itself to formalization in a system 
of equations. We believe, however, that it points out the directions in which 
analysis might proceed to develop such a formal model. One of the most seri
ous deficiencies at the present time is the lack of input-output data on the re
search process itself- data which would indicate how much it would cost to 
make a given technological advance. In making more precise judgments about 
research priorities, however, some estimation of these costs could be achieved 
by working closely with knowledgeable biological scientists and administra
tors. 

The analysis also points up the importance of certain key parameters as 
the basis for establishing research priorities. The state of knowledge for many 
of these for countries like Brazil is rather deficient. As the basic econometric 
work proceeds, however, improved judgments about research priorities can be 
made. 

The question of research priorities is strongly dependent on policy makers' 
goals for both the agricultural sector and the research program itself. These in 
turn will depend on the stage of development of the economy, the particular 
development model used as a basis for policy, and the particular measures 
used to implement the policy. Economists would contribute greatly by identi
fying for policy makers what these goals might be. 

Finally, research priorities cannot be established in isolation from other 
policy measures. Economic policy, for example, can either cancel out the ex
pected goals of a research program or reinforce them. Similarly, economic 
policy can provide alternative means of easing output constraints, as illustrat
ed by the road-building program in Brazil. 

Economic policy is also important as a means of offsetting some of the 
social costs of the research program. Technical change which prematurely re
leases labor to the nonfarm sector can impose serious costs on particular 
groups in the society. These costs should enter the calculus of research priori
ties. Moreover, to the extent that effective programs are implemented to deal 
with them, the benefits of the research program will be larger. 
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Hans P. Binswanger 

This chapter looks at recent theoretical and empirical advanccs in the theory 
of induced innovation, with respect particularly to the direction of technical 
change. The first section discusses the mechanisms of induced innovation and 
the potential roles of economic factors and fundamental biases in determining 
the direction of technical change. The second section explores the question of 
whether the agricultural sectors of different countries have developed along 
technological paths of different factor intensities or whether the observed fac
tor ratio differences simply reflect ordinary substitution adjustments to dif
ferences in factor prices. The third section assesses the relative importance of 
factor prices and fundamental biases in determining the direction of technical 
change. 

Nlechanisms of Induced Innovation 

In agriculture, the term induced innovation has been used by I layami and Rut
tan essentially to indicate that factor scarcities or factor prices influence the 
direction of technical change for a particular commodity. 1 It is hypothesized 
that technical change is directed toward saving the progressively scarce or 
more expensive factors, i.e., saving proportionately more of the scarce factor 
than of the abundant factor per unit of output at constant factor prices. 
(Man), technical changes reduce input requirements of all factors per unit of 
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output and therefore "save" all factors. In economics, however, we define a 

technical change as labor saving only if it reduces labor requirements to a 

greater degree than it reduces the requirements of other factors.) In this chap

ter, consistent with recent advances in the theory of induced innovation, the 

term induced innovation is used more broadly than before and includes the 

response of the rate and direction of technical change to final demand condi

tions and to factor scarcities. 2 

The response of the rate of technical change to final demand conditions 

has been empirically well established by Schmookler, Griliches, Lucas, and 

Ben-Zion. 3 As a result we can concentrate here on the factors which induce 

biases in the direction of technical change. 

The factor intensity of agriculture as a sector of the economy is determined, 

in the absence of research, by two sets of forces: the choice of the commodi

ty mix of output and the choice of technique for each commodity. Intrinsical

ly different factor ratios are associated with different agricultural commodi

ties, Vegetables, tree crops, and livestock typically have a higher labor/land 

or labor/capital ratio in all economic environments than do most grain crops. 

The theory of comparative advantage states that countries with high labor/ 

land or labor/capital ratios will concentrate on the more labor-intensive agri

cultural commodities and that agricultural output as a whole will be produced 

in countries with lower land/labor or capital/labor ratios than in countries 

with small labor endowments. Moreover, for each commodity produced, 

countries with low wage rates will use more labor-intensive techniques than 

countries with high wage rates; this tends also to decrease the sectoral land/ 

labor and capital/labor ratios. 
If a country with relatively abundant labor decides to subsidize capital 

(e.g., through subsidies, subsidized credit, tax preferences, or overtractor 
valued exchange rates), it will distort both the choice of commodities and the 

choice of technique fur each commodity such that the aggregate capital/labor 

ratio increases. Whether this increase comes primarily from a change in com

modity mix or from a change in the technique of each commodity depends 

on the elasticity of substitution among factors in the production of each com

modity. If the elasticities of substitution are low, the aggregate factor ratio 

changes primarily as a result of the change in commodity mix. If the elasticities 

are high, however, the aggregate factor ratio changes primarily as a function 
4 

of a change in the technique used for each commodity.

Research has an impact on the agricultural factor ratios through its effects 
comboth on the commodity mix and on optimal factor ratios within each 

modity. Research on a labor-intensive commodity which results in neutral 

technical change for this commodity will, at existing factor and goods prices, 

increase the profitability of the commodity compared with all other commodi
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ties. Cultivators will tend to produce more of the commodity which experi

ences rapid technical change by reallocating land and capital resources to the 

improved commodity. If they can hire more labor at the going rate, the aggre

gate land/labor intensities of agriculture will decrease despite the neutrality 

of the technical change in the particular commodity. 
Abel and Welsch have shown (in chapter 22) that for a labor-intensive 

country it makes sense to concentrate research resources on the labor-intensive 

commodities in which the country has comparative advantage. Even before 

research, such a country or region will have produced relatively more of the 

labor-intensive commodity owing to its comparative advantage. The factor 

productivity increase, therefore, would apply to alarger volume of output in 

the labor-intensive commodity than in the capital-intensive commodity, and 

the rate of return to research on the former would be higher. This isthe first 

mechanism of induced innovation by which factor scarcities affect agricul

tural factor intensity. 
In addition, research can alter factor intensities of production of a given 

commodity. i have recently worked out a microeconomic model of this type 

of induced innovation mechanism. 5 The model is based on a view of tech

nological research and discovery similar to that of Kislev's (see chapter 10). 

Kislev's model asks the question, what quantity of resources shall be allocat

ed to a single yield-increasing line of research? In my model it is assumed 

that, to increase the productivity' of a given commodity, researchers have a 

choice of several research strategies or research lines. Each line of research has 

different implications for the factor ratios of the commodity, and the re

searcher chooses the combination of research lines which leads to the maxi

mum reduction of costs of production at the existing factor prices. It can 

then be shown that the higher labor prices are in in relation to land or capital 

prices, the greater will be the allocation of research resources to those lines of 
labor and the smaller the allocation of resourcesresearch which tend to save 

to the lines of research which tend to save capital or land. This means that the 

higher the cost of labor, the higher will be the labor-saving bias of technical 
change. 

Sometimes, because they do not look at factor prices in making their re

search decision, researchers and research administrators claim that the mech

anism just described is not realistic. llowever, for such a framework to oper

ate it is not even necessary that the research resource allocator be conscien
tiously trying to save the relatively more expensive factors. If he makes his re

asearch resource allocation decision on the basis of expected benefits from 

research project, he will automatically tend to favor those research lines 

which either favor the high-priced commodity or save the high-priced factor. 

The reason for this is that the payoffs of any research are the product of in



MEASURING TIlE IMPACr OI. ECONOMIC FACTORS 529 

creases in output and reductions in input requirements (owing to the innova

tion) weighted by tile prices of the output and tile inputs. Since the prices 

enter as weights, projects which result in increases in output of expensive 

commodities or which save primarily the expensive factors will have higher 

payoffs than projects which affect primarily inexpensive outputs and in
6 

puts. 
What has been said so far establishes the potential responsiveness of the 

factor ratio to factor prices through a mechanism of induced innovation. 

However, this mechanism might be empirically irrelevant if research possibili

ties themselves were severely biased and allowed the researcher little choice in 

research strategy. Research possibilities might be such that research projects 

on capital-intensive commodities and in capital-intensive directions would al

ways be easier to carry out than research projects on labor-intensive commod

ities and in labor-intensive directions. In such asituation, induced innovation 

at best could only partly offset the fundamental bias of innovation possibili

ties. Efficient labor-using paths for technical change would not exist. On the 

other hand, if technical change possibilities were completely neutral toward 

commodities and toward biases within commodities, and if the potential re

search lines had a wide variety of factor-saving implications, there would be 

man) different paths of efficient technical change from which countries could 

choose according to their factor scarcities. For example, considerable atten

tion has been given recently to the effect of fertilizer availability and price on 
changetile attractiveness of studying biological nitrogen fixation. Technical 

evolving from such exploration would be commercial fertilizer saving. Whether 

such technical changes will occur in the future will be determined both by the 

price of fertilizer and by biological research possibilities. If for some biological 

reason, nitrogen fixation cannot be brought about in crops other than le

gumes, and if there is a biological barrier to the amount of nitrogen fixation 

by legumes, technical change possibilities would preclude a substantial fertil

izer-saving bias from this source even if fertilizer prices rose considerably. 

Such problems could also make indu,cCd labor-using biases empirically irrele

vant. 

A Two-Factor Test o]inducedhinovtioin in Six Countries 

The empirical tests describcd in this and the following section have been in

spired by and are partly based on the work of I layami and Ruttan.7 Because 

the tests look at the responsiveness of aggregate factor ratios or factor shares 

to economic forces, changes in commodity mix cannot be distinguished from 

changes in factor mix for given commodities. Of the two tests reported, the 

first is based on a comparison of technical change paths among six countries 



Landloutput I I ha I 30ha I I /1 I I/ 
ratio 1 / ha / 

/ / / Iper worker 

2.0190US 
//_ 

/ / 

1.0 19013 AFal/
// 

/ 
.5/ 1970/ .8 190 / /93 / / 1 ha 

/.4 /1 Japan 

.3 17 

197 / aa 

Denmark 1970 1970 // 
1 0/9

.2 

//1970 9 / 9
1 / 1 


.1 1 y 


.02 .03 .04 .05 .06 .08 .1 .2 
 .3 .4 .5 Labor/output
.005 .o6 .007 .01 

ratio 

ratios for the United States. Great Britain, France, Germany, Denmark, and Japan, 1880-1970. 

Double logarithmic scale. Diagonals are land/labor ratios.
 
Source: Vernon W. Ruttan et al., "Factor Productivity and Growth: A Historical Interpretation," in Induced Innovation:
 

Tecbnology, Institutions and Development, eds. Hans P. Binswanger and Vernon W. Ruttan (Baltimore: © The Johns Hop

kins University Press, in press).
 

Figure 25-1. Input/output 
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are really different, i.e.,and addresses the question of whether the paths 

whether there is a wide array of choices with respect to factor ratios. The sec

ond and more powerful test shows that fundamental biases of technical change 

part of tile observed biases. It also reveals,possibilities explain a substantial 
capable of offsetting or increasing fundamenhowever, that factor prices are 

tal biases substantially; it thus demonstrates the empirical relevance of the in

duced innovation hypothesis. 

Figure 25-1 traces the paths of input-output combinations for six countries 

from 1880 to 1970 in full logarithmic scale. Constant land/!abor ratios are 

Movements of the input-output combinarepresented 	 by the diagonal lines. 

the lower left-hand ce'ner are technical advances. Equidistant in
tion toward 

ward movements correspond to equal rates of productivity improvements. 

we can see that all countries experienced substantial produc-From this figure 

tivity advances during the period. However, for the United States the rate of 

between 1930 and 1970 far exceeded the rate of proproductivity increase 

ductivity increase before 1930. In Great Britain there was practically no tech

nical change before 1930. 
in FigureThe differences in land/labor ratios are enormous, as can be seen 

25-2. The land/labor ratios are plotted in semilogarithimic scale. (Equal slope 

of lines indicates equal rate of increase in factor ratios.) The United States 

ratio exce-dcd the Japanese ratio by a factor of 30 in 1880 and b' a factor of 

the differences in land/labor ratios increased substantially102 in 1970; i.e., 
over time. 

Figures 25-1 and 25-2 cannot by themselves answer the question whether 

the increases in factor ratios over time are caused by biases of technical change 

or by decreases in the price of land relative r,. that of labor. Neither can they 

answer the question whether the different land/labor ratios among countries 

reflect that the countries were using technologies with inherently different 

or whether the factor ratio differences simply reflect factor sub
factor ratios 

to price differences within a technology having identical fac
stitution owing 

tor intensities. 
It is useful at this point to state the problem that must be solved in any 

assume that the labor/land factor 
test of induced innovation. In Figure 25-3, 

ratio in Japan can be represented by a line from the origin through P and that 

can be represented by a line
the labor/land factor ratio in the United States 

representsfrom the origin through Q. Assume also that the slope of the line 111 


relative factor prices in Japan, where land is expensive in relation to labor,
 

while the slope of CC represents the relative factor prices in the United States 

labor is expensive in relation to land. If the substitution possibilities of
where 

an isoquant mapthe available agricultural technology can be represented by 

with little curvature, such as 10* and I1*, the differences in factor ratios be
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Figure 25-3. The problem of identifying causes of factor ratio differences. 

tween Japan and the United States could be explained by simple substitution 

along production functions with equal factor-intensity characteristics (but 

not necessarily equal efficiency) caused by the differences in relative factor 
prices. If, however, the possibilities of substitution between labor and land 
are represented by 10 in Japan and I1 in the United States, the points P and Q 
would not represent alternative factor combinations along production func
tions with equal factor intensity. Thc difference between the isoquant set
I IO, I1 1 and the isoquant set 10*. I1 * 1is that the elasticity of substitution 
of the latter is much larger than that of the former. Therefore, tile two-factor 
test to differentiate between technological factor intensities and simple factor 

substitution builds on the concept of pairwisc elasticity of substitution be

tween land and labor. '1he test involves an implicit assumption that the pro
duction process is separable between land and labor and all other factors. This 

assumption implies that the land/labor ratio is independent of changes in the 

prices of other inputs. To the extent that the land/labor ratio is influenced by 
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other factor prices- the price of farm machinery, for example - the assump

tion of separability does introduce a bias into the simple induced innovation 

test used in this chapter.8 

The test issomewhat complicated by absolute efficiency difference between 

periods or countries. Referring again to Figure 25-3, let Pand Q represent the 

input-output combinations in two different time periods in the same country 

(or two different countries at the same time). Further, let BB and CC repre

sent the respective factor/price ratios in the two time periods (or tile two 

countries). Q has a higher land/labor ratio than P and a lower relative land 

price. Now construct a homothetic isoquant map which is tangent to BB at P 

and tangent to CC at Q. These would be the two production functions if the 

factor ratio change between P and Q could be explained by ordinary factor 

price substitution and neutral technical change over time (or equality of fac

tor intensities of the production functions in two countries at a given time). 

Pairwise elasticity of substitution of this isoquant map can be measured from 

the factor ratios and factor/price ratios (see the mathematical footnotes in 

Trables 25-2 and 25-3), and we call it the Necessarv Elasticity of Substitution 

(ON) to explain factor ratio differences by differences in relative prices. Sup

pose now that we have an econometric estimate u' of the elasticity of substi

tution between land and labor for agriculture and that isoquants with o' tan

gent to BB at P and to CC at Q would look like 10 and I1 instead of 10* and 

1I *. The shift of 10 to II represents a labor-saving technical change over time 

(or true factor intensity differences between two countries at a given time). 

Ilence, if ON is sufficiently larger than a' we can reject the hypotheses of both 

neutral technical change and equal factor intensities. 
Estimates of a pairwise elasticity of substitution between land and labor 

are not available in the literature. I lowever, I have provided estimates of a full 
set of factor demand elasticities for the United States, and Mundlak has de

veloped a methodology to compute pairwise elasticities of substitution from 
factor demand elasticities.9 Using Mundlak's method, I have computed an 

elasticity of substitution between land and labor (u') to be 0.67. Thus a 10 

percent change in the labor/land price ratio 'eads to a 6.7 percent change in 
the land/labor use ratio. For reasons given in footnote 10, a' = .67 is a central 

value for the elasticity of substitution, but depending on the nature of the 

price rises it may exceed it or fall short of it. 10 Furthermore, a statistical er
ror is attached to the estimate. Therefore, the critical value for rejecting the 

hypothesis of neutral shift or identical factor intensities will be taken as twice 

the estimated value, i.e., the hypothesis will be rejected if ON exceeds 1.34 
for any comparison of points with different factor intensities. 

This test is first applied to each country individually over time to see wheth

er biases occurred along the path of each country. Japan is not included in 
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Table 25-1. Land/Labor Ratios and Land Price/Labor Price Ratios 

Great 

Year U.S. Britain France Germany Denmark Japan 

Agricultural Land/Worker (A/L) 

1880 . . . 25.4 14.7 7.0 6.34 8.91 0.659 
1930 . . . 40.5 19.7 8.8 6.46 8.17 0.908 
1960 . . . 109.5 23.3 13.4 8.83 10.21 1.131 
1970 . . . 160.5 33.5 16.2 12.20 17.92 1.573 

Priceof Agricultural Land/Daily Wage Rate' (PA/PL) 

1880 . . . 181.0 995.0 780.0 967.00 381.00 1874 
1930 . . . 115.0 189.0 264.0 589.00 228.00 2920 
1960 . . . 108.0 211.0 166.0 378.00 166.00 2954 
1970 . . . 108.0 203.0 212.0 244.00 177.00 1315 

Source: Vernon W. Ruttan ct al., "Factor Productivity and Growth: A Ilis
torical Interpretation," in Induced Innovation: Technology, Institutions 
and Development, eds. Ilans P. Binswanger and Vernon W. Ruttan (Balti
more: Q The Johns Hopkins University Press, in press). 

a Price of land is price of agricultural land without buildings, except for 
Denmark, where buildings are included in the price. Price of labor is daily 
wage rate without room and board. 

this time-series test because the comparability of its factor price data over 

time is doubtful. 
Next the test is applied to all the countries at agiven point in time to see 

whether the factor intensities of their production functions differ. Denmark 
is excluded from the comparison because its factor price series is based on a 
land price concept diffecrnt from those of other countries. 

The data on factor intensities and relative prices are given in Table 25-1. 

The Paths of the Land/Labor Ratio in Five Countries 

Table 25-1 shows that between 1880 and 1930 in the United States the 
land/labor ratio rose from 24.5 to 40.5, while the corresponding price ratio 
fell from 181 to 115. In 'Table 25-2 it isshown that the necessary elasticity of 
substitution to explain the drop in the land/labor ratio (A/L) by simple price 
effects is 1.03. This falls short of the critical value of 1.34. Therefore, the hy
pothesis that technical change was neutral during this period cannot be reject
ed. However, the necessary elasticity of substitution jumps to 16.5 for the 
period 1930-60, and in the sixties the relative price ratio does not change, 
while the land/labor ratio continues to rise. Therefore, change has been strong
ly biased in a labor-saving direction since 1930. 

In Great Britain, France, Germany, and Denmark the necessary elasticity 
was very low between 1880 and 1930, which implies neutral technical change. 
In Denmark the changes in factor ratios and relative prices even imply labor
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Table 25-2. Necessary Elasticity of Substitution (ON)a to Explain 

tile Interperiod Changes in Land/L.abor Ratios by Price Effects 
within Selected Countries

b 

Great 

Time Period U.S. Britain France Germany Denmark 

1880-1930..... 1.03 
1930-60 ...... .16.50" 
1960-70 ...... .. c* 

0.16 
d* 

9.43* 

0.20 
0.90 

0.04 

0.70 
0.74 

c 

0.70 
d* 

* Significantly labor saving. 
0 Percentage change in land/labor ratio between two periods 

ON Percentage change of labor price/land price ratioa 

with geometric means as a basis for the two percentage changes, i.e., 

(A/L)i + 1- (A/L)i W( 
1 . 1', )i +1(l/lA

i I (A/L)i 
O=°N PI./PAi- (li/lAi + I xx • F1,~ 1O 

where i = 1880, 1930, 1960, 1970. 
1 The critical ratio to reject hypothesis of neutral technical change is 1.34. 

c No price change, technical change labor saving. 

d Price ratio and land/labor ratio rise, which implies labor-%aving techni

cal change. (No common isoquatlt map can be constructed through P and 

Q in Figure 25-3 in this case.) 
e Land/labor ratio declines very slightly but price declines much more, 

which implies labor-using technical change. 

that may be the case also in the other Europe
saving technical change, and 

the necessary elasticitics of substitution arc exceedinglyan countries where 

small. 
Britain experienced labor-saving technicalBetween 1930 and 1960 Great 

change, while technical change remained neutral in the other European coun

tries. In the 1960s technical change in Great Britain, Denmark, and France 

was labor saving but it remained neutral in ;ermany. Labor-saving technical 

change (relative to land) is therefore a recent phenoncnon for Europe, and in 

Germany it never occurred at all. 

The Cross Section Comparison of Factor intensities 

The comparison of factor intensities and factor prices across countries is 

shown in Table 25-3 with the necessary elasticities to explain the factor ratio 

differences among the countries. All the necessary elasticities of substitution 

the United States and Japan excccd the criticalof the comparison between 

value of 1.34. Therefore Japan and the United States must have used tech

nologies vith different factor intensities throughout the period. This confirms 

the high wage country did use athe induced innovation hypothesis because 

more labor-intensive technology than the low wage country. 
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Table 25-3. Test of Differences in Technological Paths: Necessary
 
Elasticity of Substitution a to Explain Differences in
 

Land/Labor Ratio by Price Ratio Differencesb
 

Item 1880 1930 1960 1970 

U.S. vs. other countries 
Japan .............. 
Great Britain ........ . 

2.08* 
0.29 

1.35' 
1.47" 

1.93'
2.50' 

3.12' 
2.70* 

France ............. 0.87 1.960 5.79* 4.13' 
Germany .......... .. 0.80 1.16 2.42* 4.00* 

Japan vs. Europe
Great Britain ........ . 7.01 1.21 1.24 2.04' 

France ............. 3.26* 0.92 0.79 1.39' 
Germany. ......... 

Great Britain vs. 
.. 4.13' 1.29 1.00 1.28 

continental Europe 
France .............. c* 2.47* Co 17.12' 
Germany ............ c* 0.980 1.71' 5.72* 

Continental Europe 
France vs. Germany. . . . 0.46 0.38 0.50 2.02* 

* The paths of the two different countries differ significantly in 
land/labor intensity. 

1N (ALL) i - (A/.)i .'IA)i(I'LA)j 

where i and j are the different countries in the same year. 

b Critical value to rejeot hypottesis of equal technology: 1.34, 

i.e., twice the value of a for equiproportiuonal changes in "A and Pl.. 
' Denotes cases where the country sith the highet land/labor 

ratio also has the higher land price/labor price ratio. Such behavior 
is possible only if the country with the higher land/labor ratio em
ploys a more land intensive technology, i.e., tile hypothes's of equal 
technology is rejected. No common isoquant maps can le construct
ed through point,; P and Q in Figure 25-3. 

In 1880 the United States and the European cointrics were apparently on 

essentially the same r.,oduction function. This is not implausible given the 

state of mechanical technology in the late ninetcenth century. By 1930, how

ever, differences between the European and United States production func

tions had clearly emerged, as indicated by the increases in the nccessary clas

ticities of substitution. Fven in 1930, howeer, the hypothesis of similar pro

duction functions cannot be rejected for the United States-Germany compari

son. Because after 1930 technical change becamle extretely labor-saving in 

the United States, European technology differed very strongly from United 

States technology in 1960 and again in 1970. 

The differences in factor ratios between United States and F.uropcan agri
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culture thus reflect differences not only in relative factor prices but in the 
production functions available to United States and European farmers. 

In the second section of Table 25-3 the test is carried out for Japan in 
comparison with Europe. In 1880 European technology was much less labor 
intensive than Japanese technology. But neutral or labor-using technical 
change in Europe together with neutral or possibly labor-saving technical 
change in Japan brought the technologies much closer by 1930. By 1970, 
however, labor-saving technical change in the United Kingdom and France 
had become strong enough to make their technologies clearly different from 
Japanese technology again. In Germany the technical change remained neu
tral, however, and by 1970 it seems likely that differences in factor ratios be
tween Japanese and German agriculture are accounted for primarily by differ
ences in factor prices. 

The third section of Table 25-3 shows that British technology was almost 
always less labor intensive than French and German technology, except for 
Germany in 1930, when the test fails. The fourth section indicates that Ger
many and France were using the same technology until 1960. Thereafter 
labor-saving technical change in France moved the two technologies apart. 

Implications for the Induced Innovation Hypothesis on the 
Basis of the Time Series and Cross Section Comparison 

We cap distinguish essentially four paths for technology: 
1.The United States, starting from a position similar to Europe, developed 

away from Europe in astrongly labor-saving direction. 
2.Great Britain also experienced strong labor-saving technical change after 

1930, but its technology remains much more labor intensive than the tech
nology of the United States. British technology was also less labor intensive 
than the technology of continental Europe and Japan. 

3. Continental Europe experienced essentially neutral technical change, or 
possibly even labor-using technical change, throughout the period, except for 
France and Denmark in tile 1960s. 

4. Japan started from an extremely labor-intensive position. Its technical 
change must have been either neutral or possibly slightly labor saving. 

The tests therefore confirm the induced innovation hypothesis. Indeed, 
the United States, with the highest relative wage rate, developed on the least 
labor-intensive path, while Japan, with the lowest relative wage rate, had the 
most labor-intensive technology. The European countries, with labor price 
levels between those of the United States and Japan, also used technologies 
with intermediate factor intensities. Furthermore, given the often high values 
for the necessary elasticities of substitution, the technology differences must 
have been quite substantial. 

Although the tests performed in this section clearly establish that the 
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paths of factor ratios of technology are guided by factor scarcities, there are 

some observations which are not consistent with the simple version of the in

duced innovation hypothesis. For example, the United States followed a 

more labor-saving path with respect to its initial land/labor ratio than did the 

four European countries despite the fact that in the United States the decline 

in the price of land relative to that of labor was less rapid than it was in Eu

rope (see Figure 25-4). A simple induced innovation framework which as

sumes that all biases are caused exclusively by factor prices would predict 

that Europe should have more labor-saving technical change than the United 

States. 
are several factors that may account for the less than complete con-There 

sistency between the induced innovation hypothesis and the observcd differ

in factor price and resource use ratios. One possibility is that there areence 
fundamental biases in innovation possibilities in the labor-saving direction 

which were only partly offset, in the case of Japan, by technical change in

duced by the rising relative price of land. A second possibility is that the ef

fect of changing relative prices on the direction of technical change may 

sometimes be offset by the low cost of borrowing from countries with differ

ing factor price ratios. Finally, differential rates of growth in demand may in

duce technical change through changes in the factor/product price ratios. 

The impact of technology transfc on borrowing from countries with dif

ferent factor/price ratios may be particularly important for the countries with 

extreme differences in factor/price and use ratios such as Japan and the Unit

ed States. If acountry starts the process of modernization from an extremely 
or as some of today's delabor-intensive position, as Japan did in the 1880s 

veloping countries are doing, the only technologies which it can transfer or 

borrow from other countries wi!l be more labor saving, than those which 

would be induced by its own factor endowments and price ratios. Similarly, 

if a country starts the process of modcrnization from an extremely labor

in the case of the United States in the post-Civil Warextensive position, as 

period, it is likely that the technologies which it borrows will be more land 

those which would be induced by its own factor endowments andsaving than 
price ratios. In such situations it is unlikely that the inducement process will 

be able to offset more than partially the combination of fundamental bias 

are not able to provide quantitative estiand transfer bias. At this stage we 


mates of the effect of the fundamental and transfer biases.
 

1111 1- FalCtolrTest oJ'Ihduced Bias 

in United States Agriculture 
A y 

The test discussed in the last section established the existence of different 

paths of technology. This section provides a more powerful test of induced 
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innovation in United States agriculture. The methodology used overcomes 

one flaw of the earlier test in which a many-factor production process was 

as if it were a two-factor process. As a consequence, the test neglectedtreated 
the influence of priccs other than of land and labor on the land/labor ratio. In 

this section a true many-factor framework is employed. 

The test is based on directly measured biases of technical change instead of 

factor ratios. Biases are measured for the United States agricultural sector 

for five factors (land, labor, machinery, fertilizer,from 1912 to 1968, and 

other inputs). Once these biases are measured they call be compared with the 

trends in factor prices to see whether factor-saving biases correspond to rising 

factor prices and factor-using biases correspond to declining factor prices. 

One problem with testing the inducement mechanism is that factor prices 

may be endogenous to agriculture. Suppose technical change biases were very 

changes, and suppose, in tileabsence of technicalresponsive to factor pri-
a tendency to increase. If such allincreasechange, that the land price has 

were followed by technical change in a land-saving direction, the lanl price 

absence of technical change, and in an ex

fall. T[his problem makes it impossible from ex-Iost 
would rise less than it would in tile 

treme case it might even 

empirical data to show that it was the factor price which caused the bias and 

not some land-saving bias in tileinnovation possibilities. I owever, it a factor 

price is exogeiouts to agricLlture, this prollcm does noit arise and tile test pro

posed can properly identify causal relationships. 

The price of land can be treated as cndogenous. 'hercfore, we will neglect 

the series of land biases in the test, but for the other four factors the prices 

are governed in the long run primarily hylthe nonagricultural labor market 

and by cost conditions in the input-supplying industries. The biascs (of these 

four factors will be coipared with the prices (f the factors. The logic of' the 

is as follows: Suppose, first, that innovation possibilitics are neutral, i.e.,test 
price influences tie direction oI technical changethat in the absence of facto 

would be neutral. In this case induced innovat6io ss'toull be suppotrted if we 

found that the factors with rising prices experienced a factor-saving bias while 

the factors with falling prices experienced a factor-tsilig bias. 

When innovation possibilities are not neutral -- and wC uld expect this 

--tilesituation is iiiore co plicated. Inafter the results of tie last section 
a tactor with a rising price might experience asuch a case it is possible that 

factor-using bias. At mst, induced innovation can partly offset tle funda

of a rising factor price together with a factormental bias. Indeed, the fact 
tli' hae,' neutral.using bias ,estalish,estbat innovaio iosibiliti's ca/not 

In such a situation we have to look at the turning points oit' factor prices 

and of biases. A sharp increase of a slowly rising price should, after so'ic tiie, 
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Figure 25-5. The mcasurenent problem of biases. 

be followed 1)y a reduction in the factor-using bias to establish the presence
of induced innovation. Such behavior would be consistent with a causal rela
tionship between factor prices and biases in the direction of technical change. 

The Measurement of Technical Change Biases 
The basic problem of measuring biases in the I licksian sense is most easily

explained in a two-factor case.1 I The empirical difficulty of measuring biases 
arises from the fact at factor prices change over timn, i.e., the observed 
changes in the factor ratio are due to two causes: ( I ) ordinary factor substitu
tion along agivcn production function; and (2) biased technical change. Fig
tire 25-5 illustrates this problem. 

From ecnmni. da[ta we can know the factor ratios OA and 01 (for one 
unit oif olutplt ) ill two periods of time. We can also know the factor prices
which prevailed during those two periods, namely, those corresponding to D)
andl FE. If wc knew .hat tile production function was of fixed proportions we 
would know that the entire change of the factor ratio between these periods 
was caused by technical change, and measuring biases according to (1) would 
be very simple. The move from A to B would have been a labor-saving tech
nical change. But with a neoclassical production function, tile observed data 



MEASURING TilE IMPACT OF ECONOMIC FACTORS 543 

alone cannot tell us this. Suppose the elasticity of substitution was very large, 
as for the isoquant II. At equal factor prices D'D' the capital/labor ratio 
would have decreased, i.e., technical change would have been labor using. The 
observed capital/labor ratio nevertheless decreased owing to the rise of labor 
prices from DD to EE. To measure biases, therefore, we need to know the 
parameters of the production process. In the two-factor CES case we have to 
know the elasticity of substitution to be able to split the observed factor ratio 
changes into two components, one owing to price changes and the other ow
ing to technical change. 

A similar procedure applies to the many-factor case, where we also have to 
know the substitution parameters of the production process to estimate bias
es. When many factors arc present, factor share changes become a better start
ing point for measuring biases than factor ratio differences, and it becomes 
necessary to split the share changes into components owing to ordinary factor 
substitution and to biases, respectively. The method for this is described in 

Appendix 25-1. 

Results 

The data and results inTable 25-4, for price-corrected factor shares, and in 
Figure 25-6 indicate the existence of a very strong fertilizer-using bias, accom
panied by a rapid decline of the price of fertilizer relative to the price of agri
cultural output in the United States since 1912. Over a long period of time it 
is safe to assume that the fertilizer price is governed by, cost conditions in the 
fertilizer industry, i.e., tha- it isexogenous to agriculture. The behavior of the 
fertilizer bias is thus consistent with the induced innovation hypothesis. 

It is also reasonable to assume that the price of labor to a great extent is 
governed by wage rates in the nonagricultural sector and is exogenous to agri
culture. The price of labor increased throughout the period but at a much 
more rapid rate after about 1940. Up to 1944 technical change was labor lieu
tral, but thereafter a strong labor-saving bias did exist.12 This is again, con
sistent with the induced innovation hypothesis. Between 1944 and 19(8 the 
observed labor share dropped from almost 39.5 percent to 15.8 percent, i.e., 
a drop of 23.7 percent. Biased technical change alone could have explained a 
drop of almost 14 percent. This means that about two-thirds of the drop in 
the labor share must be explained by biased technical change and only one
third by simple price substitution effects. 

In the long run, the price of machinery isgoverned primarily by cost con
ditions in the machinery-producing and niachinery-repairing industries, as 
well as by fuel costs, and it is therefore also regarded as exogenous to agricul
ture. Trhe overall rise of machinery prices was about tie same as for labor 
prices, and a substantial part of it occurred before 1948. After 1948 the rate 
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of the price rise accelerated. But despite that price rise, technical change was 
machinery using, not saving. Had innovation possibilities been neutral, this 
could not have happened. Innovation possibilities must have been machinery 
using regardless of the role of factor prices in determining biases. Any price
induced bias would have been machinery saving, not machinery using. 

Fertilizer and labor biascs arc consistent with the hypothesis of neutral in
novation possibilities and with the hypothcsis that factor prices account for 
most of the biases, but the machinery bias contradicts this. It iseven possible 
that the labor and fertilizer biases were primarily fundamental biases and that 
the corresponding price changes were coincidental rather thin causative. 

'rable 254. Price-Corrected Shares (S.'), Actual Factor Shares, and 
Factor Prices Used in Computing (Si') 

Year Land Lahor Machinery Fertilizer Other 

icitr Sbare.s a i*a 
I'rice-.(orrecte'd F , 

1912 . . . 21.0 38.3 10.9 1.9 28.0 
1916 . . . 21.2 36.7 11.6 1.8 28.7 
1920 . . . 19.6 39.3 9.3 2.1 29.7 
1924 . . . 20.0 39.7 10.3 2.2 27.8 
1928 . . . 18.1 41.4 10.4 2.7 27.4 

1932 . . . 18.8 4o.3 14.3 2.7 24.0 
1936 . . . 18.9 32.5 16.3 3.0 29.3 
1940 . . . 16.8 34.3 17.6 3.9 27.5 
1944 . . . 16.5 38.4 16.1 4.8 24.2 
1948 . . . 17.1 37.2 13.9 5.1 26.7 

1952 . . . 16.5 29.8 19.7 5.7 28.3 
1956 . . . 16.3 30.6 23.1 6.5 23.4 
1960 . . . 17.1 27.2 23.4 6.1 26.1 
1964 . . . 17.8 25.8 22.4 6.7 27.3 
1968 . . . 19.1 25.3 23.1 7.2 25.3 

Actual IFatorSbres a i 
1912 . . . 21.0 38.3 10.9 1.9 28.0 
1916 . . . 21.6 36.5 11.6 1.9 28.4 
1920 . . . 17.3 4(1.5 10.1 2.0 30.1 
1924 . . . 19.7 38.5 10.3 1.7 29.7 
1928 . . . 15.9 40.9 1(.2 1.9 31.1 

1932 . . . 18.6 37.6 12.6 1.6 29.7 
1936 . . . 14.9 34.7 14.5 2.2 33.7 
1940 . . . 12.0 35.3 15.1 2.3 35.2 
1944 . . . 8.5 39.5 14.0 2.3 35.6 
1948 . . . 9.4 37.7 12.2 2.4 38.3 

1952 . . . 9.8 29.7 17.5 3.o 401.0 
1956 . . . 11.5 27.4 2(0.1 3.3 37.8 
196(0 . . . 15.6 21.3 19.8 2.9 41.4 
1964 . . . 17.5 18.3 18.5 3.3 42.3 
1968 . . . 20.4 15.8 19.1 3.6 41.1 
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Table 25-4 - continued 

Year Land Labor Machinery Fertilizer Other 

hIctor Pricesi' 

1912 ... 100.0 100.0 1 (.0) 100.0 100.0 
1916 . . . 113.3 106.8 110.0 105.7 103.8 
1920 ... 79.0 104.3 81.3 85.7 115.0) 
1924 ... 119.0 134.5 111.7 93.1 106.6 
1928 . . . 104.8 154.1 128.5 9(1.0 118.9 

1932 . . . 160.8 194.7 231.5 128.6 101.5 
1936 . . . 69.4 113.4 189.2 99.6 110.9 
1940 . . . 87.3 179.(0 288.8 103.4 160.1 
1944. . . 65.2 217.2 244.2 63.0 211.7 
1948 . . . 73.0 247.8 226.6 50.4 222.8 

1952 . . . 91.3 274.3 301.1 53.6 214.6 
1956 . . . 145.8 407.9 423.7 65.9 229.6 
1960 . . . 254.1 502.7 550.3 63.0 241.5 
1964 . . . 338.1 610.0 651.2 63.2 270.9 
1968 . . . 481.0 766.9 735.8 58.2 28(0.4 

Source: IIans P. 13inswangcr, "The Measurement of Technical Change 
Biases with Many Factors of Production,' Am,'rical Ftonomi,"Re.
view, 64 (I)ecember 1974), 973.
 

a Model A estimates.
 
b Relative to agricultural output prices (1912 = 100).
 

But the view that biases are generally caused by non-neutral innovation 
possibilities and not by tfactor prices is contradicted by the tite sequence of 

turning points in factor prices and biases. The labor price rise strongly ac
celerated at the start of World War I1, and it was some six to ten years later 

that a strong labor-saving bias enlergcd. Similarly, the machinery price rose 

rapidly between 1948 and 1952, and, again, it was about six years later that 

the maaincry-using bias disappeared. Ivensou has tound a me.an1 lag, IbctwCCn 
research initiation and benefits, of between 5 /2 and 8 2 %'cars in agriculture, 

which would support causality in the observations abovc.13 It is unlikely that 
these changes are coincidental. 

The series on land prices and Ibiascs cannot give tis much morc information 

on the induced innovation hypothesis because the land price is largely endog
enous to agriculture. It ;,. worth ;ioting that land prices fluctuate widely, but 

there was apparently very little bias with respect to land. 
The price of other inputs dcclined by about 40 percent during and after 

World War II but did not change much before and after. I however, there was 
no discernible bias with respect to this conglomeration of fact ors. 

The clearest conclusion to le drawn from the series is that fundaimental 
biases in innovation p(ssi)ilitics were an important source of the malchinery

using bias in United States agriculture. 
There can be lit) question that large, sustained changes in factor prices have 
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Figure 25-6. United Statv- indices of biases in technical change, estimates of 

Mih Many Factors of Production," A,nrican, hconooic Review, 64:6 (De
cember 1974), 972. 

had a strong impact onl the direction of technical change. In comparison with 
the prices of the four other inputs, thc fertilizer price fell throughout most of 
the period. TIhis fall was accompanied by a strong fertilizer-using bias. Similar
ly, about eight yecars after labor prices began to rise rapidly, a very strong 
labor-saving bias emerged. In about the same length of time, after an accelera
titon in the price of machinery, the machinery-using bias which had been 
caused by biased innov'ation possibilities disappeared. 

(:oiiclisionis 

TIhe conscious effort of researchers and research administrators to choose 
projects that will maximize the returns from the research investment in their 
own economic enviro~nment puts the theory of induced innovation on fairly 
firm theoretical foundations. it has been shown that the research resource a]
location mnechianismn used by have toresearchers does not to be complicated
make the direction of technical change responsive to factors and goods prices. 

Once this is recognized, thec empirical question remains whether innovation 
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are flexible enough to male available to different countries
possibilities 
paths of efficient technical change with factor ratios which can accommodate 

widely different factor endowments. The comparison of tiledevelopment 

countries has shown that technology is 
paths of six agriculturally advanced 

factor ratios con
indeed flexible enough to accommodate widely different 

sistent with factor scarcities. 

The comparison of factor prices with measured biases in the United States 

further confirms that fundamental biases in innovation
from 1912 to 1961 

possibilities play at least as imnortant a role in determining the biases of tech

nical change over time within a country as do economic factors. This seems to 

case technology, with technical change
be particularly the for mechanical 

intensive use of machines. On 
possibilities strongly biased in favor of more 

the other hand, the United States series on factor prices and biases shows that 

factor prices do indeed either generate biases in technical change or dampen 

exogenous biases to make the technical change more consistent with econom

in the absence of induced innovation. This is 
ic factors than would be the case 

fairly strong support for the empirical relevance of induced innovation. 

APPENDIX 

The Metbodology of the Alin),-lictorAppendix 25-1. 

Test of'Induced Innowtion
 

with the following measure-
In the two-factor case biases can be measured 


ment equation:
 

Q' = (k* - Q*) f.o(r* - w*) (1) 

where k* and 1* are observed proportional rates of change of K and L and 

of change of the capital rental rate and wage rate, and 

is the component of the capital/labor ratio change which is due
r* and w* are rates 

o(r* - w*) 

to ordinary factor substitution.14 
Measure theof biases thus consists of two steps: (A)

The measurement 

elasticity of substitution in an independent sample. (B) Apply equation (1) to 

the biases.time-series data to measure 
is similar to this two-step procethe procedureIn the many-factor cases 

be defined in terms of factor shares:
dure. However, the biases must now 

1 < (i-saving)dSi (2)
B= x - = 0- (neutral) 


dt Si> (i-using)
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is the factor share change which would have occurred in the abwhere dS i ' 
sence of factor price changes, while Si is the actual factor share in total costs 

of production. 
The CES production function usually used in the two-factor case is inap

propriate in the many-factor case, where it implies tileconstraint that all 

partial elasticities of substitution arc identical between all pairs of factors. 

This was considered to be too restrictive. 

'rhe basic idea outlined here was applied to the translog cost function of 

Lau. The details of this procedure are fairly com-Christensen, Jorgensen, and 

plicated. 15 T'he approach leads to abasic estimation equation of the biases as 

follows: 

- din W. 	 (3)dSi' = dSi Z ")dij 

where dS i ' are the share changes which would have occurred in the absence of 

the actual share changes, Itij are the substitutionfactor price changes, dSiare 

parameters of the production process, and din NVare the proportional changes 

of factor prices. The method thus consists of subtracting from the observed 

share changes that part which was caused by changing factor prices. 

The resulting dS i ' can he substituted into the discrete equivalent of equa

tion (3) to compute rates of biases. I lere, however, we compute series Si', 

which shows how the shares would have developed after the initial year 

(1912) in the absence of factor price changes: 

Si'= Si,1912 + 	 V A Sit'. (4) 
i=0 

These series are presented in tilesection on U.S. vs. other countries of Table 

25-3. Series of standardized values, i.e., Rit = Sit'/Si, 1912 are presented in 

Figure 25-3, which is in semilogarithmic scale. lence, the slope of the lines 

indicates biases 	according to equation (2), while the position of the line 

shows the cumulative bias since 1912. 
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or land requirements from K0 to K1 ,
search projects, A and B. A only reduces capital 

while B only reduces labor requirements from L0 to L1 . In a one-period model the bene

fits from A and B, respectively, are 

PA = (Ko - KI)R 

PB = (Lo - L)W 

and the wage rate. If the projects have equal
where R and W are the capital rental rate 


benefits, i.e., if
 

(KO - K 1)R = (L0 - L1 )W 

or 

KO-KI W
 
- Li 1,R
LO 

no basis for choice. If, however, be lives in an economythe decision-maker will have 
where the wage/rental ratio exceeds the critical ratio, he will choose Project A; he will 

choose Project B if the wage/rental ratio falls short of the critical ratio. 

7. Hayami and Ruttan, Agricultural Development. 

8. Simulations in a more complex model were performed to assess the possible size of 

such biases with various assumptions about the size of a full set of cross elasticities of 

factor demand. It turned out that the effects of changes in prices other than of land and 

the land/labor ratio and that consequently bias
labor generally had very little impact on 

es could be expected to be small. 
Cost Function Approach to the Measurement of Factor9. Ilans P. Binswanger, "A 

Demand Elasticities and Elasticities of Substitution," American Journal of Agricultnral 

lconotnics, 56 (May 1974), 377-386. Vair Mundlak, "Elasticities of Substitution and the 

Theory of Derived Demand," Review of Economic Studies, 35 (April 1968), 225-236. 

10. The conversion formula is
 

(ni - ji) dlog Pi + (nij - r dlog
ljj) l'j
°iJ= dlog Pi - diog Pj 

where Y1ijare partial factor demand elasticities and dlog Pi are proportional changes 

in factor prices. For given factor demand elasticities the size of ai depends on the extent 

to which the factor price ratio change comes from a change in Pi or a change in 1's. Table 

2 of Binswanger, "A Cost Function Approach" gives the following values for the factor 
= 

demand elasticities of A and .: TIAA = - .3356; nLA = .0308; rIAL = .0613; TILL 

- .9109. These values imply the following values for OAL* 
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Price ratio change owing to OAL* 

Change in PA only .37 
Change in PL only .96 
Equiproportional change in 
PA and PL or PK and PL .67 

In the international comparisons the precise source of the change in the factor price ratio 
is unknown. Equiproportionality of changes in the two prices involved will be assumed. 

11. We define the Ilicksian bias B' as the change in factor ratios which would have oc
curred had factor prices stayed stable: 

B / t Fact price> (labor saving)
 
= dt x Factor prices= (neutral)


KL < (labor using) 

where K is capital and L is labor. 
12. Lianos also found a labor-saving bias in agriculture. See Theodore P. Lianos, "The 

Relative Share of Labor in United States Agriculture 1949-1968," American Jounialof 
Agricultural Economics, 53 (August 1971), 411-422. 

13. Robert E. Evenson, "The Contribution of Agricultural Research to Agricultural 
Production," Ph.D. dissertation, University of Chicago, University Microfilms, Ann 
Arbor, Michigan, 1968. 

14. Proof of equation (1): Ryuzo Sato, "The Estimation of Biased Technical Progress 
and the Production Function," International Economic Review (June 1970), 179-207, 
shows that rates uf augmentation can be measured as follows: 

ow* -y* +1'+ k' V-a*or* -y 

1-u 1 -


Robert Solow proved much earlier that the bias is related to factor augmentation rates as 
follows: 

A' = (1 - o) (a* - b'). (b) 

Substituting (a) into (b) leads to equation (1). 
15. Hans P. Binswanger, "The Measureaent of Technical Change Biases with Many 

Factors of Production," American Economic Review, 64 (December 1974), 964-976. 
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Inducement of Technological
 
and Institutional Innovations:
 
An Interpretative Framework
 

Alain de Janvry 

The economic structure of a social system can, in its essence, be characterized 
by two features: the level of development of its capacity to produce; and the 
way in which people relate to one another in their respective functions in the 

production process. 
The capacity to produce is determined by the quantitative and qualitative 

stock of productive resources. Recent empirical studies have shown that the 
qualitative attribute of resources is indeed a fundamental source of output 
and productivity growth. For physical capital, this attribute takes the form of 
technological change; for human capital, it takes the form of increased labor 
skills. Since it affects both output and productivity, the rate and bias in 
the growth of the qualitative attribute of resources are major determinants of 
output growth and of changes in income levels and in the distribution of in
come. As a result, whoever controls the production of new technologies and 
skills largely determines the pace and nature of economic development. Ulti
mately, then, it is the social structure which conditions the rate and bias of 
technological and skill innovations, and these innovations are, in turn, power
ful determinants of change in the social structure. 

The earlier chapters in this section have focused primarily on the environ
mental, technological, and economic considerations that affect the direction 
of technical change. in this chapter institutional considerations will be ex
amined as well. The ways in which people relate to each other in their respec
tive functions in the production process are translated into a set of institu
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tions that characterize and establish guidelines for these relationships. Most 
important are those institutions which specify the rights of ownership and 
which define the functions and the scope of action of the state. These institu
tions condition the rate and bias in technological and skill innovations and 
the impact of such innovations on growth and income. And, reciprocally, 
technological and skill innovations are powerful inducers of institutional in
novations. (Throughout this chapter, for the sake of simplicity, the term tecb
nological innovation will be used to refer to both technological and skill inno
vations.) 

Technological and institutional innovations are thus so closely interrelated 
that any change in one ultimately presses for change in the other. Which one 
first induces change- a question that has been raised repeatedly in the recent 
literature on agricultural technology- is a chicken-and-egg-type question to 
which only history can provide an answer. In some instances, output stagna
tion induces institutional change to restore the dynamics of accumulation. 
Ilere institutional change precedes technological change. Examples are the 
urban-induced land reform programs that followed the Punta del I-ste Confcr
ence in Latin America. 

In other instances, the dynamics of accumulation, fueled by technological
innovations, creates sharp social antagonisms that lead to institutional innova
tions. Examples are the peasant-led land reforms in Mexico anti Bolivia and, 
to some extent, the initial impact of the green revolution. IHere technological 
change precedes institutional change. 

laving recognized both the endogenous nature of technological and insti
tutional innovations within a social system and their reciprocal relationship, 
we now turn to the specification of a simple but, we believe, useful model of 
the generation of technological and institutional innovations. 1 The technolog
ical innovations considered here are those which are generated by the public 
sector through fundamental and applied research. In agriculture, the public 
sector has a major responsibility in technological innovation. As a conse
quence, technological and institutional innovations assume the nature of pub
lic goods, and the following model is one of supply and demand for public 
goods in general. Since asocial system can be characterized largely by its tech
nological and institutional structures, however, a model of supply and de
mand for technological and institutional change isactually an approximation 
of agen.-ral model of the dynamics of change in social systems. 

A DIcilecticalModel of Technological 
and InstitutionalInnovations 

After having definitely shelved the teachings of historical materialism, neo
classical economists have recently begun to theorize on the very question that 
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is central to historical materialism: the dialectical relationship between pro

ductive forces and social relations of production and the way in which this 

dialectic expiains the evolution from one mode of production to another; or, 

in other words, the relationship bet,vein technological and institutional inno

vations and the process through which these innovations occur. 

Using the neoclassical apparatus, Ilayami and Ruttan have developed a 

path-breaking theory of the inducement of technological and institutional in

novations. Their model is linear, and its starting points are the stock of scien

tific knowledge - conceptualized as defining the Innovation Possibility Fron

tier (IPF) in the factor space - and the relative factor scarcities. Through the 

market mechanism, changes in relative factor scarcities determine changes in 
newrelative factor prices; these changes lead to a search within the IPF for 

cost-minimizing technologies which will, of course, tend to be biased toward 

saving the most expensive factor. institutional changes may, in turn, be in

duced by technological change in order "to enable both individuals and soci

ety to take fuller advantage of new technical opportunities under favorable 

market conditions." 2 The causal sequence is thus from technological to insti

tutional change. 

While useful, this model does not fully explain the process of technological 

and institutional change or stagnation. It% its nature, a linear model cannot 

describe a reciprocal relationship, such as we 1,ve suggested exists between 

technological and institutional change. Moreover, the model in question does 

not uncover the dynamics of the interrelationships between supply of and de

mand for innovations, nor can it articulate the parameters that affect both 

supply and demand. 

The alternative model depicted in Figure 26-1 conceptualizes the genera

tion of technological and institutional innovations by tie public sector as a 

dynamic process of circular and cumulative causation. In this process both 

the socioeconomic structure (the infrastructure) and the politico-bureaucratic 

structure (the superstructure) are given explicit roles. The central node of the 

model is a "payoff matrix" which identifies the net economic gains and losses 

that are expected to result from the provision of a given set of public goods 

(technological and institutional innovations) to a given set of interest groups 

in society. Some of the alternatives considered within this matrix are tech

nological choices among commodities (e.g., food versus cash crops, cereals 

versus dry land, fertile versusversus livestock); among regions (e.g., irrigated 

marginal lands); and among technological biases (land-saving biochemicals ver

sus labor-saving mechanical devices, modern versus intermediate mechanical 
farmers,techniques, etc.). Interest groups include, in particular, commercial 

traditional landed elites, subsistence farmers, landless agricultural workers, in

ne levels, exporters, anddustrial employers, urban workers at different in( 
a specific income gain or lossgovernment. Each, social group expects to derive 
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Figure 26-1. The inducement and diffusion of technological innovations (pub
lic goods). 

from each particular public good. These incomes are the "payoffs" that con
stitute the entries in the public goods-social groups matrix. In this model the 
economic base of society determines its evolution. 

The supply and demand mechanism for public goods is centered on the 
payoff matrix and conditioned by the socioeconomic structure on the one 
hand and by the politico-administrative structure on the other. Specifically, 
the demand for new public goods originates from the matrix of expected pay
offs: each social group will pressure the politico-administrative structure for 
public goods to be (or not to be) generated depending upon the correspond
ing payoffs it expects to derive. H-ere the relative power of a social group over 
the politico-administrative structure determines whether the group's demands 
for a supply of a particular public good will be satisfied. In the case of tech
nology, pressure on the politico-administrative structure induces allocations 
of funds and of human capital to research institutions and to particular lines 
of research. The level of scientific knowledge and the quantity of physical
and human capital allocated to basic research will determine the position of 
the IPF. The amount of such capital allocated to applied research will deter
mine the intensity of search for new cost-minimizing activities within the IPF. 
And the organization of national research systems will condition the way in 
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which they will respond, in terms of both intensity and bias, to the set of de

mands made upon them. 
The resulting supply of public goods creates, through the socioeconomic 

structure, specific payoffs for each social group. For agricultural technology 

these payoffs are determined by (1) the physical impact of the innovation in 

terms of yield effect and/or resource-saving and resource-substitution effects; 

(2) the diffusion effect, conditioned largely by the nature of the technolog

ical innovation and the particular positions of different social groups in the 

socioeconomic structure (the land tenure system and the degree of access 

each group ias to institutions of credit, information, marketing, etc., are de

termining factors); and (3) the terms-of-trade effect, which determines the 

economic value of the physical and diffusion effects. All three effects - physi

cal, diffusion, and price - are, of course, interdependent and together deter

mine the entries of the payoff matrix as products of the interaction between 

supply of specific new technologies and the socioeconomic structure. 

New expected payoffs induce further demands for new public goods. In 

activating this process, the organization of the research system is, again, of 

major importance because it influences the formation of such new expecta

tions through the dialectical interactions it maintains with social groups. 

Productivity of a national research system should thus be measured by the 

entries of the payoff matrix relative to costs incurred by the research system. 

If other costs are incurred in creating the observed payoff effects - for exam

ple, in the diffusion of new technology or the implementation of institutional 

- care rmust be taken to charge these costs against the resulting paychanges 
offs also. 

The payoff matrix thus reveals the material base of the dynamics - or lack 

of dynamics - of the inducement and diffusion of technological innovations. 

It also indicates that, unless one makes severe value judgments and aggregates 

all payoffs into one net effect, care must be taken to identify the specific so

cial effects of the gains and losses from technology in order to estimate the 

economic and social significance of such technology. Even if the aggregate 

payoff is used as a criterion of net social gain from technology, care must still 

be taken to identify possible negative payoffs (such as loss of employment 

and income for some social groups) in order to write them off from the total 

payoff and to determine needed economic compensations. Indeed, the com

monly used net social gain measure is but a global approximation of the pay

off matrix which largely hides the specific socioeconomic effects of tech

nology as well as the reasons why technological innovations and change did or 

did not occur. 
This model of the inducement of technological and institutional innova

tions is thus useful at the conceptual level. It permits the classification of a 
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wealth of factors known to affect the process of innovation: the material in
centives to innovate, the socioeconomic structure, the politico-bureaucratic 
structure, etc. It also helps to locate the blockage factors to innovation: on 
the demand or on the supply side; or, the effective translation of demand into 
supply or in the materialization of supply into actual payoffs. 

But this model's capacity extends beyond conceptualization. By quantify
ing the payoff matrix, it can actually become a powerful instrument for poli
cy analysis and decision-making. To determine the material significar.ce for 
society of alternative technological and institutional options is, however, a 
difficult task and one of central concern to economists and other social sci
entists. Although we do not pretend to resolve this question here, we can pro
vide some guidelines on how quantification of the payoff matrix may pro
ceed. 

Estimation of the PayojffMatrix for Public Goods 

The payoff vector for a public good isobtained as the change in net per capita 
income for each social class between the pre-public good and the post-public 
good situation. If the only impact on incomes between two time periods 
is due to the public good, ex-post observation of the changes in per capita in
comes provides the payoff vector. But other changes have usually also occurred 
during the time interval; moreover, we may want to predict, ex ante, the ex
pected payoff from alternative courses of action. In both instances, estima
tion of the payoff vector will require construction of a model that can ex
plain the process by which personal incomes are generated and account for 
the changes in personal incomes brought about by introduction of the public 
good. 

To devise such a model we propose to proceed in two stages: (1) construct
ing national accounts that make explicit the flows of income and expenditures 
for different social groups; and (2) simulating -through partial modeling 
the impact that the public good has on these flows and hence ultimately on 
individual incomes. 

Constructing Socioeconomic National Accounts 

Unfortunately, the standard national account systems and input-output 
tables do not provide information on income and expenditure flow for social 
groups, being disaggregated only by types of economic activities. What isneed
ed instead is a system of socioeconomic national accounts where a disaggrega
tion by social class is nested within the standard disaggregation by economic 
sector.
 

To provide an example, I have constructed such an accounting system for 

http:significar.ce
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Chile using data compiled by Echeverria. 3 Included are four economic sectors 
(agricultural, nonagricultural, foreign, and financial), two types of land tenure 
(commercial farms, classified by the Inter-American Committee for Agricul
tural Development (CIDA), as large and medium multifamily farms; and peas
ant farms, categorized by CIDA as family and subfamily farms);4 and three 
social classes within each type of tenure (the owners, the semiproletarians 
who receive part of their wage as the usufruct of a plot of land, and the pro
letarians whose whole wage isin cash). It isunfortunate that, for lack of data, 
the government sector must be omitted here, since its inclusion would have 
made it possible to account for income transfers through taxes and subsidies. 

In Table 26-1 the rows correspond to income and the columns to expendi-. 
tures. For the producing sectors the columns give a breakdown of the value of 
goods in "constant" capital (C= cost of intermediate products and deprecia
tion of the stock of capital), "variable" capital (V =cost of the labor force), 

and "surplus value" (S= interest, dividends, rents, and profits). Semiproletari
ans are remunerated partly in land rights (VL), partly in consumption goods 
(VK), and the remainder in cash (VC). The land rights generate income for 
the semiproletarians and enter as costs for the owners valued at the opportu
nity cost of land for them. The payments in kind enter as income and cost for 

the owners and as income and expenditure for the semiproletarians. Among 
the columns that show the entrepreneurial activities of the owners and semi
proletarians, those to the left (C, VC, VK, VL) account for production costs 

and those to the right account for consumption and savings, that is, for the 

use made of net income. The surplus value is used, in part, for consumption 
purposes (SC) and, in part, for savings (SS). 

For each social group gross income is the sum over columns. The net in

come of owners and semiproletarians is the difference between gross income 

and the sum over rows of production costs. As Table 26-I shows, the net in

come per commercial farm ovner is twenty-three times higher than that of 

the peasant owners, fifty-two times higher than that of their semiproletarian 
workers, and eighty-four times higher than that of proletarians. 

Simulating the Effect of Public Goods 

What now has to be simulated isthe impact that the introduction of aspe

cific public good can have on the per capita net income vector. To do so, we 

must represent the effect of this public good on the flows of funds in the 

type of socioeconomic accounts referred to above. 
Consider, for example, the contrast I-ayami and Ruttan have drawn between 

two broad alternative technological options: mechanical technology (which is 

labor saving and yield neutral) and biochemical technology (which is land sav

ing and, hence, yield increasing). 5 The market and distributional effects for 



Table 26-1. Socioeconomic National Accounts for Chile in 1962 

Commercial Farms (1,000 escudos) Peasant Farms (1,000 escudos) 
Owners Semiproletarians Prole- Owners Semiproletarians 

-Prole- Proe-Category C VC VK VL SC SS C VK SC SS tarians C VC VK VL SC SS C VK SC SS tarians 

Commercial farms 
Owners ....... .. 36.1 12.2 32.5 14.7 13.1 20.7 4.5 9.3 39.2 1.1 1.8 1.1 
Semiproletarians 36.6 27.9 13.1 12.2 82.6 1.4 0.4 
Proletarians . . .. 11.3 

Peasant farms 
Owners .. 4.4 1.4 25.0 1.1 2.8 11.7 0.4 
Semiproletarians 2.4 0.1 3.2 1.1 1.1 7.2 
Proletarians . . . . 2.8 

Nonagricultural sector 
Owners ....... .123.0 131.5 34.3 59.4 3.9 25.0 31.2 3.0 5.2 1.0 
Proletarians . ... 

Foreign sector 
Imports ....... .. 21.3 9.9 

Financial sector 
Savings ....... 108.2 11.1 3.6 0.9 

Total expendi
ture ....... .180.4 47.9 12.2 32.5 190.8 108.2 60.5 12.2 162.7 11.1 11.3 59.3 6.0 1.1 2.8 82.1 3.6 5.2 1.1 14.2 0.9 2.9 



Table 26-1 -continued 
Nonagricultural Sector (1,000 escudos) Foreign Financial Gross Net In- Net Income 

Category 

Commercial farmsOwners ........ .... 
Semiproletarians 

Proletarians . 
Peasant farmsOwners ........ .... 

Semiproletarians 

Proletarians .... 
Nonagricultural sectorOwners ......... 

Proletarians 

Foreign sector
Imports ........ .. 

Financial sector 
Savings ........ 

C 

59.3 

14.5 

2,538.8 

565.0 

Owners 

V SC 

78.8 

23.6 

2,793.9 
2,403.8 

54.0 

SA 

765.8 

Prole-
tarians 

202.7 
61.3 

60.6 
5.3 

1,837.6 

236.3 

Sector 
(exports,

1,000 escudos) 

26.9 

637.9 

Sector 
(investment,

1,000 escudos) 

24.1 
11.1 

3.6 
1.0 

598.7 

251 2 

Income 
(1.000

escudos) 

578.1 
246.6 

11.3 

149.1 
21.4 

2.8 

8.824.4 
2,403.8 

1,137.7 

889.6 

come 
(1.000

escudos) 

305.1 
186.1 

11.3 

79.9 
16.2 

2.8 

3,243.0 
2,403.8 

Active Popu-
lation (1,000

persons) 

51.6 
162.3 

158.6 

310.5 
13.3 

41.3 

402.6 
1,761.7 

per Active 
Person 

(escudos) 

5,913.0 
114.6 

71.0 

257.0 
1,218.0 

68 

8,055.0 
1,365.0 

Total expenditure ........ .3,177.6 2,403.8 2,950.3 765.8 2,403.8 664.8 889.7 14,264.8 2,901.9 
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both types of technology in closed and open economies are depicted in Fig
ure 26-2 (for further elaboration see chapter 6). The case of the open econ
omy is characteristic also of an economy where price-support programs exist. 
In Figures 26-2.3 and 26-2.4 the supply function becomes horizontal at the 
minimum average variable cost level below which firms would discontinue 
production. 

Mecbanical innovations (lFigures 26-2.3 and 2.4). Under the assumptions of 

our model, mechanization ispurely cost reducing, and the resulting net social 
gains (NSG) accrue wholly to landowners in both closed (Figure 26-2.3) and 
open (Figure 26-2.4) economies, since welfare gains are capitalized in land 
values.6 In this case the technological "treadmill" that coerces nonadopters 
into change materializes through rising land values. Adopters of mechanical 
innovations bid up the price of land, internalizing the welfare gains frona 
mechanization in land values, and thus raise both the opportunity cost of 
holding land for owner-operators and the rent for tenants. The rise in oppor
tunity costs forc.:: all those that have not mechanized to do so or abandon 
agriculture. 

Biocbemical innovations (Figures 26-2.1 and 2.2). In a closed economy the 

net social gains from biochemicals that result from lower food prices (Figure 
26-2.1) will accrue, in the form of cheaper wage goods, to consumers or to 
industrial employers according to the relative social power of the two groups. 
They accrue to landowners in an open or farm price-supported economy (Fig
ure 26-2.2). In the open-market case, we' : gains to the whole economy 

arise only from increased exportable surpluses and the effect that higher 
foreign exchange earnings have on economic growth through the import 
multiplier. In the price-support case, welfare gains to landowners result from 
increased government costs of protectionism and thus imply an income trans
fer from taxpayers to landowners. 

The dynamic diffusion mechanism of new biochemical techniques in the 
closed free-market economy (Figure 26-2.1) occurs through the Cochrane and 
Owen "Mill-Marshallian" treadmill of falling product prices.7 By contrast, the 
diffusion mechanism occurs through the land-market treadmill in the open 

and in the farm price-supported economics (Figure 26-2.2). The well-known 
observation that, in the United States, "the net result of technological ad

vance concurrently with public farm programs, such as we have had in the 
past 30 years, is mainly a continuous rise in farm real estate values" 8 indi

cates that this second mechanism may have been the effective one. 

Conflicts of Interest and Solutions 

Definite conflicts of interest exist among social groups in the use of me
chanical versus biochemical techniques in the closed economy. Because no 
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support programs 

Figure 26-2. Social distribution of the economic surplus from agricultural 
tcchnology. 

solution exists in the game between employers-consuners and landlords over 
the choice between mechanical versus biological technologies, resolution of 
this contradiction will hinge upon the relative social power of landlords, in
dustrial employers, and consumers. It is only when the industrial entrepre
neurs' class is also the land-owning class, as Stavenhagen claims to be the case 
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in most Latin American countries, 9 and when workers' (consumers') power is 
weak, that a single social class can capture the benefits both of biochemicals, 
through lower wage-goods and increased surplus values in industry, and of 
machinery, through increased land-rent earnings. 

In the open and price-supported economies, by contrast, solutions exist 
that are of opposite nature. 

In the open economy, while mechanical technology benefits only land
lords, biochemicals increase the welfare both of (1) landlords, through higher 
land rents, and of (2) the economy at large (or at least of the industrial entre
preneurs' class), through growth resulting from rclaxation of foreign exchange 
bottlenecks. Hence, unless landlords have specific reasons for preferring to 
derive gains through mechanical rather than biological technologies (which 
can be expected to be the case under the latifundia tenure system because 
mechanization reinforces the owner's power over farm workers, while bio
chemicals would weaken it and eventually jeopardize the survival of the ex
tant social order), class and sectoral coalitions of interests would lead to 
choosing a technological path dominated by biochemicals. 

In the price-supported economy, biochemicals still benefit landlords but 
require income transfers from taxpayers to them. By contrast, mechanical 
technologies benefit landlords while being neutral on consumer, employer, 
and taxpayer welfares. As a consequence, class coalitions, when they exist, 
will tend to pursue mechanical rather than biochemical means of technolog
ical development. 

Summaiy 

A model has been developed that specifies the dialectical process through 
which technological and institutional changes occur. In this model, the eco
nomic payoff that each social group expects to derive from the change pro
vides the rational basis from which demands for such change arise. The politico
bureaucratic structure of society determines how these demands are trans
formed into an actual supply of new technologies and institutions. And the 
socioeconomic structure translates that supply into actual payoffs for each 
social group. 

Identification and quantification of the payoff matrix are major tasks con
fronting social scientists because they give the key to the ex-post analysis of 
the evolution of social systems as well as to the ex-ante evaluation of projects 
of technological and institutional change. An attempt was made to indicate 
how such a matrix could be obtained by constructing socioeconomic accounts 
and identifying in those accounts the impact on per capita incomes of tech
nological and institutional changes. 
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1. If external influences are important - which is generally the case in the less devel

oped countries - the social system in question exceeds national boundaries. 

2. Yujiro Hayami and Vernon W. Ruttan, Agricultural Development: An Internation

al Perspective (Baltimore: Johns Hopkins University Press, 1971), pp. 59-60. 
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4. S. Barraclough, ed., Agrarian Structure in Latin America (Toronto: Lexin'ton 
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5. In accordance with this contrast, an aggregate two-stage production function for 

(1) there are four inputs -labor, land,the agricultural sector can be specified where 


labor-saving capital (machinery), and land-saving capital (biochemicals) denoted by L, T,
 

KL, and KT, respectively; (2) L and KL are highly substitutable and so are T and KT;
 

and (3) substitution possibilities between KT or T and L or KL are low. Con .equently, 
a constant level of land-saving capital items,with an inelastic aggregate land supply and 

KL can be only mildly output increasing since the output effect is blocked by the fixed 

land and land-saving inputs. Under these circumstances, mechanization is essentially 

inelastic land supply and a constant level of labor-savinglabor displacing. Also, with an 
capital items, KT is highly output increasing as long as the elasticity of supply of labor is 

high. 
The aggregate production function for agriculture can be written then as a two-stage 

function: 

Y = TF IfT(T*, KT*), fL(L*, KL*) 

where T is an index of neutral technological change and the asterisk denotes inputs mea

sured in effective units that are related to the nominal input units through a factor-aug

menting coefficient of technological change. The subfunction, Ur, is an index of "land" 

inputs. The distributive effects of technologyinputs, while fl is an index of "power" 

can be analyzed under the assumptions that land is in completcly inelastic aggregate sup

ply in the short run and that the internal market demand for agricultural products has a 

price elasticity of less than one. Also, to contrast the different impacts of machinery and 

of biochemicals, technological changes and shifts in factor supplies of these two types of 

capital goods can be analyzed separately, if the level of use of the other capital good is 

always held constant. 
6. The inelasticity of supply in these two figures, which reflects the model's assump

tions, implies that the marginal productivity of labor in agriculture is zero when land and 

land-saving capital are in fixed supply. 
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