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Obsol.escent Techno.IQgy ~nd the Time Horizon fur Benefits in Benefit~ 
Cost Analysis 

The purpose of this paper is to demonstrate tl1e incorrectness of imposing a 
truncated time horizon for estimating the benefits of research ir1 a situation 
\\there technological obsolescence is likely to occur T/1e comparison of t!Je 
·wttfl research' anci 'w1tl1out research' sttuations forms the !Jasis for estimaUng 
the benefits of research m bene[Jt -cost analysis This approach is consistent 
with the premise that research users will not adopt tile results of research 
unless they receive a benefit additional to the one received fron1 use of 
existing technology. However it is not consistent with the view taken by some 
analysts and incorporated in some software packages that technological 
obsolescence will limit the titne horizon tor the benefits of a new technology to 
some finite number of years. Tflere are a number or factors which will limit 
the tin1e horizon of benefits but technological obsolescence is not one of 
tl1en1 

lntr0duction 

The magnttude of the est1mated benefits 1n benefit-cost analysis can depend 
critically on the time horizon selected for the analysis. Generally I the greater 
the number of years over which benefit.s are received, i.e. lhe mare distant 
the time horizon, the greater will be the magnitude of the pre.sent value of the 
benefits (PVB). Conversely, the shorter the time horizon, the lower will tend 
to be the magnitude of PVB. 

Then~ are of course other factors which may be more or less influential such 
as the annual value of the gross potential benefits or the adoption rate. In 
the case of the evaluation of research which is not yet completed, the values 
assigned to the probability of the research being successful and the 
probability of success of the technology transfer process wrll also influence 
the magnitude of PVB. 

In the present paper! consideration will be limited to the use of benefit-cost 
analysis (BCA) in research evaluation, and in particUlar to obsolescent 
technolopy as a factor which limits the time horizon of benefit!:.. 

Factors Influencing the Time Horizon .of Benefits 

A number of factors have 'been Identified as reasons for tirniting the time 
horizon of benefits in the evaluation of reseqrch. These factors inclUde; 

• lechnol?gical obsolescence due to the /appe~rgnc~, of ~,:n~w superior 
technology {ABARE (1 991), Alstonet attt995); Coelll (1\9Sth 'Coellh,et ~I 



3 

(1991 )J Grams Research and Development Corporation (1995), Lindner 
( 1989). Marshall and Brennan ( 1993)); 

• btologtcal de.cay (Alston et al ( 1995); Marshall and Brennan, (1993)), 

• a ·w•thout research' scenano in WhiCh the production of the same 
technology •s ~xpt>.cted·by a compet.tng research agern;;y (CotHns and 
~Johrl$·l'On (199.2). MarshaH .'artrl Brannar"'t (H1~1.3}), 

• tht.~ tt~aka~Jl':l ot' ben.af1ts to con1pc~tmg producets overseas <:Jr mother 
reg•ons resuJhr~g. m tncreased supply and lower product pnces (Edwards 
and Freabatrn (196?, 1984). ()avts. Orarn and Ryan (19S7}) and 

• the affect of: diSCOt..JI1hnQ (Young (1992}) 

The tmpact of these factors IS taksn account of 1n dtfferant ways m the 
benefJt-cosl formula Tl1e model generally used for benem .. cost analyst.s m 
the evaluation of rttS(fl:J+lrch t•~kes tha foUowtng form 

when~ Nf;)V ru~t pre~H:1nl v<i*luo of be.1ehts 
p ::: probabthty of succes~ of R&D 
a adoptton raH3 
t1 ~.gross vaftJa of benefits 
C costs of R&D 

tate of drscount 
year{~) 

Tha esllrnabon of the t:tnnuat barlt:'frhts to socu.aty from a gwen pu:;~ce of 
research n1ay therefore be based on the expression p a, Bt taken from thts 
formula 

It ha.s become ·convantwnat• (see for example Alston et a/ (1995.). MarshaU 
and Sr.ennan (1993)) to renect the tmpact of technological obsolescence 
through the value of a1 .. the adoptton rate will decHne as producers replace 
the obsolete technology wrlh the new superior tee; lnology 

BmJogtcal decay Will be reflected tn a dechntng value of annual gross 
bfmeftts1 and may also be assooratedwlth a. dedfning adoption f~te.1 F,or 
example, If a new variety becomes susceptible to disease. or a pesticide 
becomes Jess effective because. of growing resl$tance among targ~tpests 
then the benefits will decline. Producers may contlnu~ to tJSe th'e technology 
tf no better alternative is available. If a better alternative is available) then 
the adoption rate will also decline 



tt the same new techn()logy ts baing developed by ant>ther re.searct1 agency. 
then tha \vtthout rese~rcht sitwaUon should take ~ccount of this so that the 
benefits of the research betng evalu~lted are hmtltad t.o Uu~ titne per• rod up.' to 
the po1nt when the c.ompating. tachrtology becomes available to prodtJcer·s. It\ 
thus sttuauon. ma 1mpact ts directly on ·r 

The~ unpact of' a pnce df:ichne, c~utso<::~ by the taak.a(~e of the tmchnmlogy to 
c'vetSf:'las supplrers ~,~nd H)SttHn:1(J SUPJ)Jy a1craass. w1U gsn~uaUy t>a reflected 
cJu (i!CUy u1 tho valuA of ~Jft)SS t1nn1J~ll banaht "'· t.Jru:J rnay also ttlftuon<~t~, tho 
adophtln n1h.1 as producers seok. a r.non3 prohlHbte ellt~rnatw«~ 

In the case or the dtscount rat£~ unJl~Jchnt:J on the tune 11r:mzon, the Vt:ttur~ (lf r 
wtU generally be hrmted only to thm;)e ycwrs fm wluch st~)nl.hcanl posthve 
PVE3's ~tlre Q(lanera.ted by the rc~saarch Fnr exarnple. wdh H 10•:Vo ch.sc.rlunt rato 
and a stream (:J{ b~neft.ls extendtnf.J to pt~rpotutty, there ts usually no 
stgniftca.nt add1l1on to PVt3 bc~ycmd a tune honzon of !:iO years bacrtuse l.he 
preser~l value ot b~n.ehls acc.rwng br)ynnd that pon'lt are not .stgntht'A!lnlly 
dtfferant from zerr:.'l 

The mm or the present paper 1s tCl focus nn tht~ tn3atm(~nt <)f the b!llnaftts 
generated by a technokv v wh•ch b<:acotlles obsolete Thts tssue ts the tor,,c 
of d1scussson for tho rematnder of tht~ p(;lf:>er 

The Case of Tochnologioat Obsolescence 

There have bean a faw drsssnhng observations about ttla 'eorwenttonar 
treatment of the bent~Hts of a tecl1nology whtch fS expected to l~ecome 
obsolete For example .Johnston el al ( 1992), Carter and Young (1993). and 
Colbns and Johnston ( '1993} argue that techno log lea.! obsol~scenca ts not 
relevant to a deterrmnahon of the tune honzon of benefits from prOJSCt 
research Them· argum.ents are presented tn tenns .of the benefits from. a new 
technology br;nng •ncrernenlat to the benems rece1ved by producers from use 
of the ext,stlng technology and hence the benofil$ of the extsling. techriology 
continue tn perpetuity. The comments of the,se ar'. llysts are made by .and 
large as passmg observati.ons without the support of any detaUec:f anplysi.s. 
The essenc.e of their argument is that whilst the te.chnology may become 
obsolete, the benefits of that technology do not disappear with technological 
obsolescence 

Whqt rnt.Qt1t be described a.s a !middle ooLwse' ha;; been taken by .Marshall 
and Brennan {199.3). They accept lhe validity of the conventional treatrnent 
of technological obsolescence irnposfng a limit o~·the.tim~horit?nofbe8e~ts 
as producers replace an obsolete technology witb a· new sqperiorfeohnotogy. 
However they also acknowledge .the possfpHny oft.echnolo.gical obsolescence 
not having. an .Impact ~n·the time h9rizon,c>fbenefl~s·. ~he· ch<;)lce·?fthe 
analy.st as·.ta· whiol1 e1tt~r~aUve tre~tment'.t? ~ise·wiUrpeg~oq, 'th.e)': ·~t~Yf3J .. on 
the nat~Jre of the problem· being solv~ct .. 'r:the curr~~t *gght.J.s' of§'ol\iJU.ops·to a 
probl.em .is expected to remaineconomio~Uy $uperiorrin,tn'e fote$e.eaol.~ 
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tvture* then no trunoaUon. c:>f the ttme horizon of benefit$ vJa disadPpUon 
wotlld apply The· dlesel ... fue.lled tr~ctor i.s cHad. as a teohnology·for which 
ber1efits. would continue in perpetuity H . .be.causa. it is Uk.ely lh<.1l the lf1fl(r)Vation 
wm be mcorporated,, .probabfy wnh further ref1rtement~ in aU futlJre f·spacles" of 
ttactor design.'t <If however~ lithe current genus of soluUons to a problem may 
be expected to ba rendered exunct·by Jrominent progress with another genus 
of sotut.tons". then the corwenuonal treatment oftecht1.ole,gical obsolescence 
would apply They conclude that the use of one or olher of the two 
allernahve treatments or taehnologtcat obsolescence as a uniform approach 
could be expected to '"result tn catcufatton of mrsteadtng: benefft..,cost ratios. 
both lor assesstng any su1gte JnnovahOtl and for choostng among 
opponurutH3S to develop various posstble 1nnovauons f, 

The use of the •genus ~)f solubons· argument by Marshall and Brennan ts 
ttseff: rnnovaHve but •s essenuauy a supply s1de wew. The bet1efHs of e 
technology accrue to the users of the technology The decision as to whether 
to adopt a new te.chnotogy, regardl~Jss .of genus or spe.cies,. wm be 
deterrrunad by v .. rt1ethar rt ts prohtable for the producer to del so. h1 other 
words the demand stde rather than the supply stde wtU prevail And the profit 
or benefit from adoptttrg the new tec.hnofogy wtU be tn addJtron to those 
benefits n~cawti~d from ustng t.he exustmg technology t e the •ncremem Jf that 
1ncrement •s not pos•hve ui NPV terrn.s. then tt1s not m the p.roducer'1S 
economtc tnt&rest to ffdopt the new technology 1 

It fS therefore concluded that the correct treatment for the case of obsofe$cent 
technology JS to assurne that the benefits of the E'XtsUng technology continue 
1n perpetutty, and that application or the ·conventional' treatment may lead t.o 
underestirnahot'~ of benefds tn the next sectton, the results of a simulation 
exerctse are presented to tttustrate the vahdUy of thts conclusion 

A Simulation Ex.eroise 

The part of the benent .. oost formula given earlier which is of concern here ·is 
p.a •. Bh the measure of the annual benefits from research. For ease of 
expostuan and without affecHng the outcome of the an~lysts in a way that is 
relevant to the rssue being considered. it Js assumed that p ;: 1. Accordingly 
we .are primarily concerned with the impact. of technologlcal obsolescence on 
the values of a .. B and L 

The scenario tor the stmutaUon exercise is as follows.: 

• the time period for the simulation is 20 years. 

2 
.. There ·mely of ·CQ~~·e be situation$· ir1c which r¢~¢atch itc~nlt$.~:at~;:t;p~pl~mQol@cy,i~n~<\h~t 

the i~doption·:oJ·on.e·corT}po.ne.nt.pnltmay1r'esuJt•·in 19s$* ·~her~~.$~th~ ~~QptiPn·.Qr;m~;p~pR~Q.e 
'ffi~Y}N~Protit~bte~ .StJCh qVi~~·m(~htr ·in ·fh~:pte~~otrcoqt~~~[f.ea,q:'lO<~ ae~ate.·,;a,tJQJ,~t~he . 
oeflnifion.'oftechnol9.9Y'. ·~nlssu~wtUchci$'Qot·.con.$id.et~c.t:Jn4h!sjp~p~r,. 



• ;3$ a rElsutt of research .• a new technology, T1 t becomes avaHabl.e in year 5 
after completion of the research in year 4. 

• the potenhal gross annual beneJ•ts aggregated over the target group of 
producers ts $2rn per annum 

• the adophon of T 1 fottows the traditional $-curve pattern and reactles a 
cettn1g rate of 50°/1} 1n year 10. and contmues at that level unbJ }(ear 14 

.- u1 y(Uir 14 rasa arch on a new supenor technology. T2, IS completed and 
becomes available tn yi$ar 15 to the same target grot~p of producers as for 
Ti 

• the gross annuat benents for T2 aggregated over the same target group of 
producers ts $.2 per annum 

• from year 15. producers adopt T2. foUowtng the same S-curve pattern as 
charactensed the earher adoption of T 1, up to a maximum rate of 50°/o tn 
year 20 

.. rertectmg the adoptton of T2, a dlsadoptton pattern is recorded for T1 as 
from year 15 m•rrorm.g the adopt1on pattern of T2 in reverse 

• the only factor deterrrurung the d1sadophon of T 1 •s tts replacement by T2 
ln other words. T1 has been made technofogwaUy obsolete.by T2. 

The data used \1. repre.sent the foregorng scenano and ttle stmufatton 
analysts are shown u1 the Appendrx Table 

The cumutatlVe values for the gross annual social benefits for T1 and T2. are 
shown in Figure 1. These benefit estimates represent the anticipated 
maximum annLfal benefits if all producers in the target group of research 
beneficiaries adopt the new technologies~ T1 and T2. The incremental nature 
of the benefits from T2 compared with the *Without research• situation 
characterised by T1 Is clearly eYi.dertl. 

The adoption patterns of the two technologies are $hown ln Figure 2.. The 
dtsadoption pattern for t1 is represented as a reverse $..;curve, rnirroring'.ln 
reverse the s .. shaped adoption curve for T2. 

The dpta underlying the vatue.s for 8 1 in Figure 1 · iand ~at in :Figure 2 are 
combined In the product a.,~a. to generate estimates ofalilnuatbenefits fbr 
each of T1 and T2 respectively - see Fi.gure 3. Npt surprl$inSJY. the 
respective patterns of the annualbenefitsforth~:two.teahnologie.s olo$eiY 
resemble that for the corresponding adoption p~Uerns. -

ln,J;igure 3¥ tha outcome i$,show~ ?fthe tconv~nliooaJ'i:t~g~tO)e~t:~f:pgp~f[t$ 
being. applied to :a '~Se'of techno.togic~top$blesc~h¢e~. 'J3en$fits <:¢~$~·Jn 



year 20 and m effeot the tU'l)e hori40n for the benants from 1·1 has.,been 
trw1cata<1 to 15 years 

The paradox Whtch the teot1v121mtlon~r approach oausGs is iUttstrated when the 
anr1uat cumufattvo bcnaftts for the ·r1 and r2 a.ra computed The surtlofthe 
annual bo.nems for tho two t(lehnologuls for each yoer of the 20 year 
stmutatJon panod •s sllC)Wr'l u, 1:: 1gl1ra 4 lt can be s.a~~n that ths maximum I oval 
Qf' agQt'OOitted bf~nahts for T 1 + 1' 2 never exC(:tQd:s the rnaxtrnum tevaf 
achteved b~$11 m year 10 ln o.th~r ·words, under tha ·convanttor1at' 
appre,>ach. tho b£llr"leht$ '-lr,uu~rl-Ued by T2 rm.lrGl\1 n~r,laca tho be.nGftts lost by 
11 through thCi! dts~·l<:I<'JPtH~JM pro(;t:lss 

Thts rr~sult ts sw·pnsmg bacau$t~ d SU(;}(~Irtsts that the adOJltftt.f'S t:>f T2 have 
recetved no lltt~rernentaf bt.lneht trorn adopttng T2 and that they may JUSt as 
wallflav•~ conhnutld Wtlh T 1 and Ignored T2 ln the srmulatton. the aggregate 
tncrement~f t:lonnfHs gam~:~d from usmg 1'2 aril assumed to bGlhe s.ame as for 
1"1' Vlt $2rn H th~l tncrarnental omn from T2 had been tess U1an $2m, than 
the annual curmJiat.wa banaf{ts frorn U1e l\VO tacktnotogles would h~01ve 
dnclu1ad from yaar 15 onwards Thts ts m sh<1rp contrast to thG s1luat1on 
shown u1 I'· ~~}ure i ft. may b<l eonctudao that such a sttur,1t10r1 tS qwt.e 
unreahstte ('lnd ~lpphcahon oJ lh<~ canvel"'honal treatment of lhe tmpa.ct. of 
l.achnolog·~.;:al ob~~·,~escenr:;(a results u1 a substanhal understatement of t.he 
beneftts ft.: T1 

To overco.nla thfl prot,lem of the 'mtssCJng' bet1efth> m Ftgure 4, tt ts necessary 
to assumQ that the btlU'l~lfUs or the extsttng technatogy, T1, cor1tmue 1n 
perpeturty Thus. even alt.t'lough m r.eahty there may be dtsadoptton of the 
obsolete technology, f.or the purpose oJ comptJttng t;,anants. tt ts nac.assary to 
assume that c1ts~H;ioptton doQS no.t occur And the raason for th1s 1S t)ecausa 
of thQ way research l1!ilnaftts an~ oalculflted as t~n mcrament over· the •without 
research· sttuahon Such an approach seems to be 111 accorci wHh tma. 
pareapttons of' the be.ne.f1euanes who adopt the: new technology 

The effect of assurnrng that benefits cantcnua n1 perpetuity for an e:xtstnrtg 
technofogy. even wJ'lr~rt 1t becomes obsolete, are shown in Figura 6. rn this 
repras.entaUe>n of the bet'lefits. the 'mtssing~ baneflts have beerl made vhJible 
and the tncremental nature of the benefits m9da clear. The 'real' bet1afits 
fro.m adopting e~leh tachnol.ogy are shown as successive increments. ln the 
analysis lher<~fore, the efh~ct of disadoptlon Qf an ~Xl$.UnQ lecnnotopy dve to 
obsofes¢ence. t.s not to reduce the ben~fJt$ from the obsoJescenttecht:tology, 
bultoprovtde a mecna.ntstnwhioh enables:rJroducersfo:adoptth~ n~;Jw 
~uperior teohnoJo,gy and thereby achi@ve ·thQ it1crt1mentai. benents •.of the new 
t.s<;hnology. and these bene.fit$ r¢presen.t ~an ad<Ution to:th~ ben$fifs ·r~ceived 
frorn the obsolete teohnotosy ... ~or comp,ut~th:>n~t·.purpose$1 U: Is nece$s~ry to 
tre~t the benefits of the .obsol~te technology aS; ·lfth~y .coAth1ueo iAdefinitely. 

lt.~hovld ;Qel stressed· th;.lt,t~e foregoinP'lC¢C!trJ1~0t 9f'?en~m~ ftqmr~§~~r¢h 
r;ipplle.$.QOIY to the C;l$e •pf·t~.Gh~olg~if~l Qbs?h~$c~nce .... A~ ~£t$,•point.~diout 
aarner. for s.ftuatlons wh~re ·~h~,:tirrt~i'horizon;'rn~y:b~<t.tt)hG~taCJ',fQr.other 



reasons including. disadopUo.rllJeoause of biological ctecay~ lh~ treatme.ntof 
benefits wd.J be different. 

A nurnber or fa.ctors were identUted \Vh1ch result 1n lhe t.r\Jr1Catior"l of t.he tirne 
hon:l;on or be·nems: in tha benatlt~cost modat ss It is. appHod kl the economic 
evatuabon of research lnctuded amongst these factors 1s technological 
obsot.escer1ee Th:e eonvarthonal apf~.roach u1 estm1altn(J research ber)eflt.s for 
a tachnology wtlach becomes obsolete ts to tmr:;ose disadopUon of the 
obsolete technology . .reHactmg the adopuon of the new superior technoto~w 
by producers 'fhe effect is to limit the nwnbar or years of benefits of a 
technology whtch b~comes obsolete and ts replaced by a new technology 

The paradox resutbno frorn Ula mtroductton of the disadopuon mechanism is 
t.hat ir\cr~n1!~ntal benems from tho adoption of H1e new technology n1erely 
replace the benents assocuated w1th the obsotete technofogy The 
incremental nature of the benofHs frorn thc1 new technology is lost 

Yet 4t seems cfear that prodtJCetr& wdl only adopt a r1aw technology tf the 
benehts ex.caed those of the ex1shng technology The treatment of resea.rch 
benefits as tncremen.tat {n U1e et~onomtc evatuahon of research is consistent 
'Wtth th1s user percephon 

For eomputahonal purpo$.es. to retain the 1ncrernanlrJl nature of the benefits 
from adoptlr1g a new technology, it is necessary to treat lhe benefits from the 
obsolete technology as if they continua in perpetuity. ln thts way. the 
paradox of the 'rmssrng' beneftts arising from use of the conventional 
approact~ to technotogicaf obsolescence can be overcome and the .rtsk of the 
gross underestimation of research benefits avoided 
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APPENlDtX TABLE: U~TA USEO FOR SfMULA TlPN EXA!'41PLE 

Ttme Gross Adoption Adoption Annual Annual Annuaf Cumulative Real Annual Cumulative 
Armuat Benefits fT1} (T2} Benefits (Tt} Benefits (T:2} Benefits (T1+ T2} Benefits (T1+T2J 

{Years} {Sml {%} {%,) (Sm} {Sm} (Sm) (Sill) 
1 0 0 0 0 6 0 0 
2 0 0 0 0 0 0 a 
3 tl 0 0 0 0 0 0 
4 n 0 0 0 0 0 0 
s 2 tl01 0 0Jl2 0 €L02 0.02 
s 2 01 0 02 0 0.2 0.2 
1 2 0.!5 !; OS G 0.5 a.s 
8 2 0.4: 0 0.8 0 0.8 0~8 

9 -.;. 0.49 0 098 0 098 0.98 £ 

10 2 0.5 0 1 0 1 1 
11 2 OS 0 1 0 1 1 
t2 2 0.5 0 1 0 1 1 
13 2 0.5 0 t 0 1 1 
14 2 0.5 0 1 0 1 1 
15 4: 049 001 0 98 002 1 102 
16 4 OA 0.1 08 0.2 1 12 
17 4 0.2.5 025 0.5 OS 1 1.5 
18 4 01 04 02 0.8 1 1.5 
19 4 CUJ1 0.49 002 0.98 1 1 98 
20 4 0 0.5 0 1' 1 2 t 

C\henta., ... ont T or-hrtnlr.nu; -!'lnd th~ Th:n~ ~ori7nn .fnr RHnPf'if-"' in RAnefit~ost Arratvsis. Ralph Young· 



FiGURE 1' 
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FIGURE 3 
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Annual Benefits Generated by Successive Research Innovations 
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'fiGURE '5, 

Real Annual Cumulative Benefits- T1 + T2 
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