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TheCalClllation of Research Benefits with Linear and 

Non-linear Specifications of Demand and Supply Func­

tions 

Introduction 

~Iatket modelsha,ve been used extensively fOfIlleasuring the level a.nd the dist.tibution of 

benents from 'R&D ... induced supply shifts. TIl those models the supply 'and demand schedules 

were assum~d to he either linear or llon-linear with constant ela$ticity (NLCE), and the­

R&D .. indllcedsllpply shifts were assumed to be either par(lilel or non-para11el (convergent 

or pivotal shilts). Comparisons of research benefits occurring with linearp~raUel and Hne:fl.r 

non-parallel shifts in supply were provided hy TJinciner and Jarrett (1978), Rose (1980J,\Vise 

and Fell (lQ80),and Norton at a1 (1981). Comparisons of research benefits fat linear and 

non~Hnearspel.!ifi~ationsoIthe demand and supply curves have not been provided. The main 

aim in this paper is to providesllch. comparisous. 

'Both the linear and the NLCE frame Ivorks have frequently been used in empirica.l work 

on evaluation of research benefits. The NLGE pivotal supply shift frameworkt for instance, 

has been a.dopted by Peterson (1961)) Ayer a,nd Schuh (1972), Akino and Hayami (1975), 

Flores-l\foyaetal. (1978), Nagyartd Furtan (l978),\Vise (1981) and Zentner and Peterson 

(1984). The linear pivotal supply shift framework can b{~ round for instance in Lindner 

and Jarrett (1978)\ Rose (1980), 1\;[clean (1982). \Vise (l984) and Norton et at (1987). 

Comparison of research benefits fnr lint"ar and NIICE frameworks provides an llnderst;anding 

of the .diffeJ:eItces intesults caused hy model sped.fication. This understanditlg is important 



in choo~iI1g between ,frameworks (nr P!\tima.ting economic benefits from research, and in 

interpreting,resutts. The key point is that if a. padicularmodel specification is a bett~r 

description of reality, then Use of the alternative, Inodelspecification can cause overestimati.on 

(or underestimation) of returns to research, 

Comparison <J£ecollomicb<mefits frunt research with linear and NLCE supply curves 

requires specification of the typ~ of supply shift resulting from research. This is not a 

straightforward task. The problem is that ther(S is no NLCE counterpart for somespecifi .. 

ca.tions of shifts in linear supply cut\'eS. The best example of this is theparaUel shift in a, 

lineal supply curve, aspecin,cation used by several researchers ( e,g. nose, 1980;,Ed,.,,'arris 

a;nd Freebaitn, 1984). Researchers using NLGE supply curves" on the other 11and. ap.p<'Rt 

not,toha,veusedparallel shifts in supply due to research. ~rhis may be due to an absence of 

analytical techniques (or accurately specifying a .paraUel shift oftlte NLCE supply curve and 

the fUI)ctionof the new supplycttrve since a· NLCE supply cu.rve normally passes through 

the origin. 

'Since QUf'aim is to compare (~stimatr:-d r~5(>'(tr('h benents with H.nt'ar and NLCE supply 

cutves, iti~ impQrtantto set the analysis "1>50 that other factors affedingth(" size of 

research benefits,.including the nature of th~ sllpplyshift, arf'identical for th<> Hnrar and 

NJ;CEsupplycurves. In ord(~r to do this .. th~ approach w(" have taken is toconfinet h"" 

comparison toestlmates of re5~arch bent:"nls rt~';ldting frotncorr<:"sponciing pivotal shifts in 

lineat(lud NLCE supply cut\~(·s. 

In thefoUowing sectiolls, we nutliue ~h.~ C\lpprnach and then present an illust,ration cnm­

p~ringreseatchbeI\efits using line-.ar and NLCR spe-cific:ations of tilt" demand nnd supply 

cu.rVeS. 
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A.comparison of resear.chbenefits for linear .and non~ linear pivotal 

supply shift (rallleworks' 

Ill.this$e<;tiort, weoutlin.e the procedluesused .for ('oropadng the level and the distribution of 

'~e$e~rch bellefita 'Using linearaud non"lineat COils~ant elasticity specification,s of the demand 

and supply curves,. 'For tile purpose nfc()mparis(ln, We fix the following conditions:t.he 

supply shifts are pi'Vota.l(or both cases; shifts in supply due toreseatcb, measured vertically 

a-s .cost reductiotls,at the initial e.qumbriums~ are identical fQrthe two cases; price is identical 

for the tWQcases atthe·intialequilibrium,.as is quantity; and price elasticities of demand 

are identical :rorthe two cases at the initial equihbrium, as are price elasticities oCstl,pply. 

The linear inverse demand curve is ,represented by P :::;: .a- dQ. Note that a ::;::: ~,where 

'TJ denotes the OWn price elasticity of demand at theinit.ialequilibrium.Th~ linear inverse 

supplycutve intheabsenct" of research is.represe.nted by P :;:: b + i3Q. Again, i:J :;:: .!Q t where 

e is the own priceelasticityoC sttpply at tilt" initialequiUbrium. 'The linear .supply curve 

with research is denoted by p' *;:: b +13' Q' whf?re 13' =: P{~k)and where k rep.resents the 

proportionate vertical: shift in the supplycurvf:'.(O .... k ' ... 1). The constant elasticity demand 

cu'rveis represented by P ~ ilQ~iT where (T n~presellts the price flexibility of demand. The 

constant elastidtysupply CUtV(." without rt'search is P ::;: BQ"I (1' is the price flexibility of 

supply) and the constaI'l.t tllasticity supply rurve with research is p' (1 '. k)BQ'l. The 

equilibrium price and quantity wlthou the supply shift ar(/' P and Q, and the equilibrium 

price and quantity wi.th the supply shift an" p'undQ'. 

Comparison of the gross annual ft'senrrh \wnefits (GARB) is performt .. d for a.rf'a O.lB 

(or area O'AG)l in Figure 1(8) and area. OEP in Figur(/' I(b). The distribution of rt'Sf>ardl 
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benefih betweenpl'oducers and consllnicrswith t'he linear and NLGE specifications is also 

FO\J,r comoinCiti.ons of .the litlearand N.LOE demand and supply curves are identified. 

These are ·~etQ.ut as follows: 

ecase 1: linear demand. and ~nlpply CHrves (DL$r,), 

• case 2: N.LOE demand and linear supply curVes (DNSL), 

e case 3: linear demand and NLCE .$upph" cU.rves (DLSN), 

•.. case 4: NtCE detnand and supply curves (DHEiN)' 

:bet TS he the change i.n total economic surplus) (JS be the change in consumer 5ur,plus, 

P Sbe thecha.ngeinproducer fntrpJus\ and su.bscripts IJ2, 3 and 4 denote c;aseS :lt2.3,and 

4respecti "ely. T.he formula forcakulati ng the levf'landthedistribu tiono! rcseatchbenefi ts 

rorcase 1 (Figure 1a) lsexprcssed as: 

TS1 = 1/2kPQ + ll2kP(Q' ' .• Q), (1) 

(2) 

(3) 

The fwithr¢search' equilibrium. point for case 1 can :be determinedu~hlg the alternative 

fQrmulae developed in the appetldix~: 

(4) 



(5) 

The formula 'for calculating ~'eSetl.rCil ·benefits wHh NLCEdemandandsupply (case A)is 

exprcs$edas: 

q Q'Q' 

fo ~("(dQ) +k D(dQ) - 4 S'(dQ), (6) 

(7) 

(8) 

Similarly, changes in research benefits for the iIl.termeci,ia.tr cases (i.e. ·case 2 and 3) Can 

becruculated using the above approaches. 

'Results 

For' illustrativepurpQses" the initial equilibrium prices and qtlantiUesweu" set at unity, k 

Was set at 0.1 (so theab$olute shift is n.1P). altd ,a range o(demand andsl.lpply elasticitit's 

wet.,;,usea, fot comparison. Theresldtsforthcse four cases are tabulated in Tahle 1. 

Forsupplyelastidties less than about unity, the values of GARBcalcula.ted for case 

1 (Dt.St) 'itre higher than those calculated for case 4 (DNSN).for dastidtiesof supply 

greater thana.'bout unity. how("ver. th~ \raluf's of GARB are larger for ca5~ 4 tItan case 1 

Tnemagnitudesof the differences in GARB Cor tllest" two polar cases ar(' larg('r thc"' smatlt~r 

the values for the supply eJilstidties (e.g. a difft're.nce of about 142% fot' e n.25 and about 
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16%fo(e = 0.75) (see i"able 2). The difference.s ill GARB are very small when the .price 

elasticity otsupplyap,Vtoaches unity. The values. of GARB for case 2 (DNSL) are similar to 

those for easel (.DLSr.,) for each «()mbinatio~lOrrlr.~ldet whHethe values of GARB rorcas~ 

3 (DLSN lcorrespond closelY to those for caSt" 4( ON/it,). 

For each ·ofthefQut cast"s,thevalue$ of GARB are insel.tsitive to the vcd.lle of the price 

elCJ.Sticityof demand. The\·alues.("~r Ch\RB calculated using tbe DLSL and DNSt sped .. 

ncations· (cas~s land 2) a.re not SCllsitivt*tc) the choice or~H"pply elasticity (see footnot(" 

t tor explanation). Howevcr,the value.sof (! ARB calculated using tlte,DLSNR1l.d,DN .. t;N 

,specifications (cat;es3 and 4) are t'xtremely seusitiveto changes irtsupplyela.sUdty. The 

f!xplana.tiQnfor this is, as.€oUows: fore I: .. It the NL.CE supply cUJ:'vesslope apwardsat ,an 

in.erensing'ra.te(c;onvex: supply ClU~Vt·S). whereas fot' e :;. 1, the NLCB ·supplycurvesslope 

upwatdsbttta.t ~ deereasiugratfJ (concave supplyeutves). Given an identical sb:e ·()fC1)st 

:tedu,ction .(l.tthe 'lnitiille(IUiUbrilun. ·tht* "with tesearchfand the 'withotlt tesearchfsupply 

cutves{Qre< 1 He dQsertogether (i.e. lhemean vertical distance between the two supply 

curves is smaller;),resulting insmaHet vahtesnf GAllB relaUveto t'he Hnearsupply CurveS 

($eeFigure ·2{a).The "withreseart.:h'and tbr 'without tesearch'(ntt> .'It lUt' ftltther fftlm 

eachothet {Lethe 'mean vertical distanc{~h~tween the two $upplycurve~ is .great.er)tt'sulting 

in .larger :v~lues orGAR.B tdativt- to, the lineat' supply CUl'ves. (see Figure2(h)}. 

CQnsut~ef$1 'b('nefits from ft's(l>U1"chat'f:l similarfbr (,Rch of the f6tlrC.as.es. 'the significant 

differences inGARBbetweeIiCilsrs lal1d2 Oft the nne JUlUd. and cases Hand 4 on thf otb~r 

r·efleet:dil£ercll.cesin beuefits toprQilu('c[s. Prnducers can. lose (or eac.h of.th~ (onr c8.spswhen 

the demand.;ioi';a.cotnn1odity is price inelashc3 (i.e:. fiji ~, l)fand with nOltlinear supply (cast;>s. 

Sand 4) producers gainfromresea.rch oniywhell I'li :,;,~ 1. This contrasts with a lin('~n parallel 



abUt ins'lpply \Vhenprod\tcers ;alw.a:ys. gain (unl~$$ detnandis·perfectly il1ela$tic).For~ttch 

o£thefour c~es' .prOdll(;ers'gairt '(rom.res(iiarch iucrease (or losses dectea..~e)withinereasf's 

.in 'q a~\d: fallwitl't: in¢t~a:$es in. e. 

Conclusio,ns 

The mi:\jor finding tepQded ill this .note i$tha:t thcva,luesof GA:RBcaleula.ted using the Uneat 

pivotal.$upplyshift model ( t:llses 1 and 2) ate substantially latger than those'calcu.lated ltsing 

the constant ela.stidty.ph·otal~mpply shirt mot[('l (<."ases3 a.nd 4)whext .the price elasticity nf 

$UppI), fQrthe eommodHyis siguHicnntlylowerthan 'H1Hy. "However, when the ela$tidt)~of 

commodity supply is. greater lhull one, the values oC GARBca.lculated u$i ug the Unearsttpply 

shift Crameworkare; .c:;ollsiderablyslnnUetthanthose' c~lcula,tedusingthe constantela$.tidty 

s1,lpply~:hirt rt~mework. Alt .important hilpti.catJonofthisnndiug 15 as follows' ~f t hI'" Ct\nstan.t 

elasticity.specification lSll better d.e.$cdptionof ,realitYf the linea:rpivotat.supply 5hirtmod~1 

foJ;' evalu~ting.reseat'chbeneflts leads to .marked ·overestimation of research betteR t.S when the 

commodity supply isineiastic:. buttoconsicierablennderestimatiOtl when slWply is elastic. 

His debatabt~ whether the real·\w,rld sitnatinrt ('Qrt("sponds m.()r~ clost"lyto('uusta.tlt 

,elastici~y Or' to cOllstantslope. InottT view. ('nmmodi~y supply cutvesinagricultl1re art:' 

mote likely to take the constant elll.stic.ity formbecutlse thf marginal cost,; of prod\u:tion tend 

to be fotcedupat ,an inctt~asiugra(;e with increases itt prochlclion. { .. ongru.n diseconomi(",s 

ofsc:aleand lirnitationsill reSfmrces a,re pnssihlt> reasons fnt this. Furthermot(\ both tht' 

s"hol.'trtlna.ndthe longtllu supply for many rural (~ommodities have often been reported to 

be in ;tneinelas.t.icrange (tess than unity) (e.g. Villcentet at. 1982"; TW('eten, 1970). 'Vith 

inelastic '$upplyat the initialequiHhrhun. "a littt~arsupply curve passes thrmlgh the negative 
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fourth ,qul\clra.nt. An 'e.'ttrapQla,tiono£ lhf?'Hut .. tUiinelasticcOmlllQclity S\lppty curve to thC' 

11eg~tive rQ~tth qua.drant (i;e.ptodneti<)'U6ithe commodity at undefined ~nega.tiveJ ~pritf's) 

is ,unrealisti~. T.hispl'Qhletu i& avoided by the llseofcons.tant elasticity supply curves; these 

curves Pa$s th,rQughtheorigin. Our (l,ualysis, therefore, leads us to the view that theijSef)r 

.. a.ltOn~1inea.t\ CQll,startt elasticity spc.cific:ation ur the 5upplyc'~tveanda. pivotalshHt title to 

.re$earcn is usuallypteferabl(l to ;llSt" ora Hneat5ttpply curve with: pivotal shift. 



F()(rrN(}rrES 

tFQte: <~ it 't,begtQss anuualrcseatch lU~llefit.equals area. 0' AClU\d fot (! .'~ 1, lhe 

gtos$:annu~l :re$eatclt beIlefi t l'qllals ,area OAB.For identical costred~cHon&Jhowev~r 1 

the valueso£thegtoss allrtltal researchbeuentsare'1..lnalfectedbych;.tuges ,in supply 

elu,stitityn,otwithstalldingthai t for' t' ,I(" It thesupplyc1..lrve passes thtotlgh the fourth 

q,uadr~nt nega.t1ve etlc1ide~tl: ,space • 

. 2..P~t models used the (~quations ·0£ ,Pinstrup·Ander.se.tl<t Ruiz de London.oand,Hoover 

(1916) {wheteP' '~~ PII ft~J '(1JldQ' Qfl + (::~) n tQr deriving the pO~it .. jtlnQvation 

(or'wjth,resci}.tch.') equUnlfiu,ll1 pohlt (Le. point Baret in 'Figure lCa)}.butth~$(' 

eq,uatiQi\~t tJ.$·pointedoutby Rose CI98rr). ,art~stdctlycorre¢t onlyiit,hesupplyshirtis 

'par~llel. For the nll~~t pivotal snpplyshift mode1. the ,actualequ,a.tiollsfor determinhlg 

th.e"witb tesf!i.u'cni ~<tt~ilibriu.nlpointh.we been developed in this, paper {i.e. equations 

4.andS}.\Vhen, tesea.tch. benefits calculated ltsing the p~t apPJ:oachwere recalculated 

usjpgthe actual apptoach~ using fh~ assnmr:-dpa:rameter vailles $ictnutint.his nnip, 

the valuesofOAltB were observed inb!' only mp-rgillally high~t (SCf" Tahlt":J in Uw 

Appendix). The difference was found to b~a.pptoxim,a.tely U ... 3% with d.emaxtdand 

.$upplyelas.lidUes itt the ri~ltge n.t and 5.n, A larget diff'erel\C(\ h()w'cveJ'., is fnttndin. 

t'he c.alculated distributions Ilfrt\SNlftbht'ne.fits.H)f instancctrecalculatiotls showed 

thattOUSUltletsfsnare o£rC'searchbenefitscaJculated from the past a.pproachis smaller 

thCil1tbosecalc:ulaten frornth.e actnaiappronch by 10 .. 30% with largervail.1(ts or fJa.ud 

e (see Table :3 in Appendix). 

3.0u..-resultsa;re ton~istent with the tnaj<)rfiudingrepotted itt Miller etal. (1988). 



jl'1t~t pa:pet(QctJ,ssed 01\, llte effects of stlPplY5hift$ on protluc;es:s' sutplu$.Forsl1p·ply 

al).d dema.lld cUf\!e$,tbu.t, at(' linCIJt orpu,V'er f\lttct.io.n~t lloStl\cilt downwardpiv()tof th#;o 

supply tutve ittc,teased producets~ surplus only it the equilibriunt. point Was r~l" enough 

into <theela$tic region ,of the clentand curvc-,audatiy downwatdpivotofthesll.pply 

cut:ve decreased,producersl s\uplus if the eqlliHbtiumpoint wa-sin ,the illelastict('gion 

ot the demand.eu.tv(t 
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~~PPENI)IX 

Derivationaf Eguations 4 and 5in text 

Prior to the slJpply shift, the inver.se demand, and supply curves can be specified ,as 

p ~ a o.Q 

P b + dQ, 

'Viththepivotallinear supply shift. the nt"wdemand and supply schedules become 

'h d P(l ... k)-bP(l .. k)I'rh'· "t' ,t 'J'b . tOt • Q 0<,6 d t'h 
W', ere hi = Q ' :'::q ." e 1m la, CqUll rrnmquanl yts, ~~ Q:,J.ORtt ,'C" nf'\\" 

equi{ibri ~m quantity is Q' 

substitution and simplification. 
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Using similar approach p' can be derived and is expressed as. follow, 
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\ 

Ta.ble l:ComparisoIloftlle level and the distribution of l'esearchbenefits [or the .:1 camhi .. 
nations of demandand5upply<:urv~ 

Case 1 (DLSL) Oase2 (DNSL) Case 3 (DLSN) Case 4 (D!.fBN) 

TJ e OS PS Tq 
j" as PS TS as PS TS CS PS . '5 

$ S $ $ $ $ $ :; g S $ $ 

0.01 n.0500 O.oono 0:0500 0.0500 O.ooon o.oson U.0513 ·(l;05U3 HJlt1111 OAIS1;} -O.05n3 H.mnO 

0.25 (1.0963 ·(U1462 0.0501 O.U96:l ·0.0462; H.U5H:! 0.n96-1 ·0.0763 OJl2Ul UJJ96l ~ll.ni63 UJJ201 

OJ) 1 0.75 (t098S .. OJ)t188 0.0501 0.0988 .. (to·lSS 0.0501 0.0988 .. O~O559 0.0429 {).O988 ·U.0559 0.OL129 

1.00 0.0992 -0.0491 O~0501 O.(l992 -0.0491 0.0501 0.0991 -0.0491 0.0501 0.0991 ·0.0491 0.0501 

2.00 0.1)997 -0.0496 0.0501 0.0997 -0.0,196 0.1)501 0.0996 .. 0.0329 0;0661 0.0996 ~O~O329 0.0667 

0.01 0.0039 u.,-'!62 0.0501 0.0039 0.0462 0.0501 0.00!11 -O .. 6tl30 0.0010 0.0041 .;0.0030 0.0010 

0.25 0.0510 0.0003 0.0506 0.0510 0.0000 O~O510 0,0517 .. 0.0310 0.0207 0.0517 ·0.0310 0.1)207 

0.25 0.75 0.1)772 -0.0262 0.0510 O~0172 -0.0260 O'()512 0.0767 ·0.0329 0;0438 0.0767 -0.0329 0.0438 

LOO OJJ825 ·O'{)315 0.0510 0411825 -0.0313 OJ)513 0.1)817 ·ft0307 0.0510 0.n817 -0.03116 OJl511 

2.nn n.09HJ ~O~O-lI)8 O.l15l1 JU1920 -0.1110; 03'513 0.1)905 -O.H227 n~t)6i8 n.nmll -lUJ226 nJl6i8 



~-j.-"""'''7'~. ~....,.,. ..~ "<-~,,,,,- ...... ,*"-_':"'-, lo.",,,,-"_~$"" ~ __ .,-.~ ..... ' 

O~Ol 0 .. 0010 0.0491 0.0501 0.0010 0.0491 0,,0501 O.OlJlO 0 .. 0000 0.0010 0.0010 O.UOOO 0.0010 

0.25 0.0206 0;0304 0.0510 0.0206 0;0312 O~O518 0.0211 O~OOOO 0.0211 0.0211 ttOOOo 0.0211 

1.00 0.75 0.0458 0.0065 0.0522 0.0458 0.0077 0.0535 O~0452 ..(1.0001 0.0451 0.0452 0.'0000 0.0452 

LOO 0.0540 -0.0014 0.0526 O~O541 -0.0001 0~O539 0.0527 -0.0001 (to526 0.0527 o.nooo 0.0527 

2.00 OJ1140 ~O.n20,1 0.0536 O~0740 -0.0204 0.0547 0.070:1 -0.0002 O.OiOl 0.0702 n.unOI) il.Or,02 

o.tn O.UOnl 0.0500 o.usnl ftOOOl 0.0501 (1.0501 0.{)001 O.OOlU 0.onl0 O.GOOl O.OOtO 0.0010 

0.25 0.n013 O.llsnn B.OS!3 O.OfH3 0.0512 OJ1525 IU1013 t1.02nn UJ1213 O.ncH3 n.n20n (1.0213 

20.(1) 0.75 o.Il11·11 fl.0499 11 J1539 0,0041 0.0536 0.0576 OJ)040 0.0429 0.0468 OJ)tHfl 0011-129 0.1)460 

l.on 0.0055 0.0497 0.0553 0.0056 0.05<17 0.0603 O~OO53 0.0500 0.0553 0.0053 0.1)500 O.OS53 

2.no 0.0124 0.«1488 0.0611 OJ)l25 0.0586 0.0711 0.0105 0.066-1 0.0770 t1.0105 0.0665 0.0770 

Negative (.) indicates a. 1055 in surplus. 



Table~: Differences in "'aluesf)f GARBIJ. ta.lculat,~d using the linear (case 1) and the NLCE 
(case 4}specificatiorts 

Supply Linear demand; NLCE d~man<l Differt~nce 

Elasticity Lineat sup,ply N:LCEsuppl~rin(;ARB 

s 
_*~"".-«.:'Ilt~~'~':-:;;>~_F\("'" 

O~Ol 'O~O5005 0.00104 ·noo 

O~25 0.0510.2 UJ12107 142 

0.50 U.115172 U.03512. 47 

0.75 \).05224 (UJ4515 1,6 

1.00 fl.052lN 0.05268 n 

1.25 0.05.294 (t05853 ..u 

1.50 U,115319 OJ)6322 ·19 

2.00 tUl5351 n.Hrn24 ,,31 

5.00,· 0.05455 u.n8rS{); .. 61 



Tahle ·3; Compa.riso115 of the differences in the values oftlte level and lhedishibulioIlS of 

resea:rc\Lbertefit$calcu.latedl1$ingthepa$t and 'the alternative linear pivotal -supply shirt 

frameworks 

Gain to Consumets Gain to Prod ucers Aggregate Gain 

~.,------,---,~-~-.--~-.'----'*--'
--~~--'-->--'::"""-.... ~, -~~"--'-- ~.--~~~~ 

11 ePA($) AA (S) DH£O(%) PA (S) AA f$l nH~ f%)PA{S) AA (S}DiW (%) 

... 

0.05011" O.OSOO ~- - -n .flO 
0.01 '0.0500 OJ15no (Lon 0.0000 n.onoo n.on 

(l.Ol n.50 1).{)981 11.0.982 ~n.l0 ~n.048'1 ~nJ)·18 [ ~n.20 0:0501 O'(15tl1 n.on 

2.0n n.Og96 0.fl997 ·0.10 .. 0,0·195 .. n.0496 .l.U.20 0.0501 OJJ50{ O.on 

O.Ol 0.0039 0.0039 0.;00 0;0462 0.0462 0.00 0.0501 0.050) n.oo 

0.25 0.50 0.0672 0.0684 -1.75 ·0.0164 .. 1).0175 +5.15 0.0509 0.0509 0.00 

2.00 0,(1899 o.n919 ·2.18 -OJ}387 "tl.0408 4-5.15 0.0511 O;()511 0:00 

{J.Ol i).OOOS (tOOO5 0;00 0.0(196 0.0496 0.00 0.0501 OJ)501 0.00 

2.00 0.50 0.020·1 0.0213 ~.:t23 0.0316 ~(t0308 +2.60 0.0520 0.0521 0.19 

2JlO t).0525 llJ1586 .. 10.4L .. n.0025 ·H.t)O!n +2.60 OJ1550 0.0556 -L08 

-:,,_. ---".~-- ~~:«/'_~o:##-.!i>'~ 



0.01 0;0000 o~oooo 0.00 0.0500 0.0500 0.00 O~0501 O;t)501 U.OO 

20.00 t).500~0025 O~OO26 ·3.85 0.0499 0.0499 0.00 0.0524 (t0525 0.19 

2.00 0.0099 O.012~t .. 20.16 0.0491 0,,0488 +0.610.0591 0.0611 -3.27 

d 4- means the past apptoa.ch {PAl yields larger values than the acLuatapproach(A .. \). 

- tn{ansPA yields lower 1.'a-lues than AA. 

ht this papcrtalternative £()rmulae aredc"eloped for calculating the ~\,ith r('scatch~ price 

and quantilyeqnilibrillm for the linear audpiv(jtal supplysltift framt:\~tJrk used Ii)t auscssing 

research benefits. Differences in resultsohtained using lhepa~t and the present approaches 

(see footnote 3 for details) are showil in Table 3. 



:Figute I( ~)Effect of tcsearch with linear demand andsnpply cutves. 

JNgure l(b).Effectof xesearclt with n()n .. lin~ar ('nustantd(lsticity dema.nd a:ndsupply C,lTVPS. 
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Figure 2(&). The behaviour of tht." NLGE supply ('utV~S r~lative f,o tht'" Iiut'"ar supply curvt'.s 

fote <: 1. 
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Figure 2(b). TIle behaviour of the N I~CE supply t'urvrs rrlativp io thC" linea:r supply curVf?S 

for e:> L 


