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Obsolescent Technology and the Time Horizon for Benefits in Benefit-
Cost Analysis

The purpose of this paper is to demonstrate the incorrectness of imposing a
fruncated time horizon for estimating the benefits of research in a situation
where technological obsoiescence is likely to occur. The comparison of the
‘with research’ and ‘without research’ situations forms the basis for estimating
the benefits of research in benefit-cost analysis  This approach is consistent
with the premise that research users will not adopt the results of research
unless they receive a benefit additional to the one received from use of
existing technology. However it is nof consistent with the view taken by some
analysts and incorporated in some software packages that technological
obsolescence will limit the time horizon for the benefits of a new technology to
some finite number of years. There are a number of factors which will limit
the time horizon of benefits but technological obsolescence is not one of
them

Introduction

The magnitude of the estimated benefits in benefit-cost analysis can depend
critically on the time horizon selected for the analysis. Generally, the greater
the number of years over which benefits are received, i.e. the more distant
the time horizon, the greater will be the magnitude of the present value of the
benefits (PVB). Conversely, the shorter the time horizon, the lower will tend
lo be the magnitude of PVB.

There 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 will 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
technology as a factor which limits the time horizon of benefitc.

Factors Influencing the Time Horizon of Benefits

A number of factors have been dentified as reasons for limiting the time
horizon of benefits in the evaluation of research. These factors include:




(1991), Grans Research and Development Corporation (1995), Lindner
(1988}, Marshall and Brennan (1993));

« brological dacay (Alston ef al (1995), Marshall and Brennan, (1993)),

- a ‘without research’ scenano in which the production of the same
technology 15 expected by a competing research agency (Collins and
Johnstor (1992). Marshall and Brennan (1993)).

+ the leakage of benelils to competing producers overseas or in other
regions resulting mn increased supply and lower product prices (Edwards
and Freebairn {1982 1984) Daws, Oram and Ryan (1987)) and

. the effect of discountng {Young (1992}

The impact of these factors 1s taken account of in different ways in the
benefit-cost formula  The model generally used for benefit-cost analysis in
the evaluation of research takes the following form
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where NPV = nel present value of banelits
p = probabibity of success of R&D
a = adopbion rate
8 = gross value of benefils
¢ =costs of R&D
$ = rate of discount
t = year{s)

The estimation of the annual benetits 1o sociely from a given piece of
research may therefore be based on the expression p 3 B, laken from this
formula

It has become ‘conventional’ (see for example Alston et al (1995}, Marshall
and Brennan (1993)) to reflect the impact of techinological obsolescence
through the value of a, - the adoption rate will dectine as producers teplace
the obsolete techniology with the new superior teciinology.

Biological decay will be reflected in a declining value of annual grcss
benefits, and may also be associated with a declining adoption rate.” For
example, if a new variety becomes susceptible to disease, or a peslicide
becomes less effective because of growing resistance among target pests
then the benefits will decline. Producers may continue to use the technology
if no better alternative is available. If a better alternative is available, then
the adoption rate will also decline

' The endogenous nature-of adoption wasnoted by Vere et af (1992)
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If the same new lechnology is being developed by andther research agency,
then the ‘without research’ situation should take account of this so that the
benefits of the research being evaluated are linited 1o the time period up to
the point when the competing technology becomes available to producers. In
this sttuation, the impact is directly on 't’

The impact of a price decline, caused by the leakage of the technology (o
overseas supphers and resulling supply mcrease, will generally be refleclad
directly 1 the value of gross annual benefits, and may also wiluence the
adnption rate as producers seek a mom profitable alterngtive

Inthe case of the discount rate mpaching on the time horizon, the value of
will genearally be inited only to those years for which significant positive
PVB's are generated by the research  For example, with a 10% discount rate
and a stream of benefits extending to peipetunty, there 1s usually no
significant addition to PVB beyond a time honzon of 50 years because the
present value of benefils accruing beyond tha pomt are not sgndicantly
different rom zero

The aim of the present paper 15 to focus on the treatment of the benefils
generated by a technolor v which becomes obsolete  This issue 15 the topic
of discusswon for the remainder of the paper

The Case of Technological Obsolescence

There have been a few dissenting observatiens about the ‘conventional’
treaiment of the benelis of a technology which 18 expected to become
obsolete For axample Johnston et 8/ {1892), Carter and Young (1893), and
Colins and Johoston {1893) argue that technological obsolescence 1s not
relevant o a determination of the time horizon of benefits from project
research Their arguments are presented in lerms of the benefits from a new
technology being incremental {o the benefils received by producers from use
of the existing technology and hence the benefits of the existing technology
continue i perpetuity. The comments of these ar.lysts are made by and
large as passing observations without the support of any detailed analysis.
The essence of their argument is that whilst the technology may become
obsolete, the benefits of that technology do not disappear with technological
obsolescence

What nught be described as a ‘middle course’ has been taken by Marshall
and Brennan (1 993). They acoept the vahr‘xty of the convennonal lmatm‘ nt

as producers repiace an obsolete technoiogy with a ne\
However they also acknowledge the posssblhty of tech‘ :
not having an impact on the time horizo ,

analyst as te which allemahve treatmen
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future, then no truncation of the time horizon of benefits via disadoption
would apply The diesei-fuelled tractor is cited as a technology for which
benefits would continue in perpetuity "because it is ukely that the innovatio
will be incorporated, probably with further refinement, in all future spacies of
tractor design " If however, “the current genus of solutions to-a problem may
he expected to be rendered exiinct by imminent progress with another genus
of solutions”, then the conventional freatment of technological obsolescance
would apply They conclude that the use of one or other of the two
alfernative treatments of tachnalogical absolescence as & uniform approach
could be expected to "resull it calculation of musleading benefit-cost ralios,
both for assessing any single innovahion and for choosing among
opportunities to develop various possible innovations ”

The use of the 'genus of solulions’ argument by Marshall and Brennan 1s
iself innovative bul 1s essentially a supply siie view  The benefils of a
technology accrue to the users of the lechnology The decision as to whether
to adopt a new technology, regardiess of genus or species, will be
determined by whether it 1s profitable for the producer to do so. in other
words the demand side rather than the supply side will prevail. And the profit
or benefit from adopting the new technology will be in addition to those
benefils receved from using the existing techhology 1e the increment  If that
mncrement s not positive m NPV terms. then i 18 not n the producer’s
economic interest 1o adopt the new technology *

It 1s therefore concluded that the correct treatment for the case of obsolescent
technology 15 to assume that the benefits of the existing technology continue
in perpetuily, and that application of the ‘conventional’ treatment may lead to
underestimation of benefits  In the next section, the resulls of a simulation
exercise are presented to dtlustrate the validily of thus conclusion

A Simulation Exercise

The part of the benefit-cost formula given earlier which is of concern here is
p.a.B, the measure of the annual benefits from research. For ease of
exposition and without affecting the outcome of the analysis in a way that is
relevant {o the 1ssue being considered, it is assumed that p = 1. Accordingly
we are primarily concerned with the impact of technological obsolescence on
the values of a, B and {.

The scenario for the simulation exercise is as follows:

+ the time period for the simulation is 20 years,

2 The(e mayrof course be situations in.which research results ar




+ as aresult of research, a new technology, T1, becomes available in year &
after completion of the research in year 4.

- the potential gross annual benefits aggregated over the target group of

producers 1s $2m per annum %
+ the adoption of T1 follows the traditional S-curve patiern and reaches 2
ceding rate of 50% in year 10, and continues at that level untif year 14
- i year 14 research on a new supenor technology, 12, 1s completed and g

becomes available in year 156 to the same targe! group of producers as for

T1

.

« the gross annual benefils for T2 aggregated over the same target group of
producers is $2 per annum i

« from year 15, producers adapt T2 following the same S-curve paftern as
charactensed the earher adoption of T1, up to a maximum rate of 50% in
year 20 ’

« reflecting the adoption of T2, 3 disadoption patiern is recorded for T1 as «
from yvesr 15 mwrroring the adoplion patiern of 72 in reverse %

« the only factor determiung the disadoption of T1 1s s replacement by T2 .
In other words, T1 has been made technologically obsotete by T2, 3

The data used b. represent the foregoing scenano and the simulation
analysis are shown in the Appendix Table

The cumuiative values for the gross annual social benefits for T1 and T2 are
shown in Figure 1. These benefit estimates represent the anticipated
maximum annual 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 evident.

il i e L

The adoption patterns of the two technologies are shown in Figure 2. The
disadoption pattern for T1 is represented as a reverse S-curve, rmrrormg in
reverse the S-shaped adaption curve for T2.

The data underlying the values for 8, in Figure 1 and a,in Figure 2 are
combined in the product a,B; to generate estimates of- annual benefits for
each of T1 and T2 respectively - see Figure 3. Not surprisingly, the
respective patterns of the annual benefits for the two technologies closely
resemble that for the corresponding-adoption patterns.

In Figure 3, the outcome is shown of the ‘conventional
being applied to acase of technological obsolescence:

‘Obsolescent



year 20 and in effect the ime horizon for the benefits from T1 has been
truncated to 15 years

The paradox which the "conventional’ approach causes is illustrated when the
annual cumulative benefits for the T1 and T2 are computed. The sum of the
annual benefits for the two technologies for each year of the 20 year
simutation perod 1s shown in Figure 4 It can be seen that the maximum level
of aggregated benefds for T1 +12 never exceeds the maximum level
achieved by 71 i year 10 In other words, under the ‘eonventional’
approach, the benehits generated by T2 merely replace the benefis lost by
T1 through the disadoplion process

This resull s surprising because it suggests that the adopters of T2 have
recetved no meremental benefit from adopting 72 and that they may just as
wall have continued with T1 andgnored T2 In the simulation, the aggregale
Cncremental benefis gamed from using T2 are assumed 1o be the same as for
T1, viz. $2m  {f the incremental gan from T2 had been less than §2m, then
the annual cumulative benelits from the two technologies would have
declined from year 15 onwards  This s in sharp conlrast 1o the situation
shown in figure 1 1 may be concluged that such a situation 1$ quite
unreabistic and apphcation of the convenhonal treatment of the impact of
technolog'2al obs~escence resulls in a substantal understatement of the
benefds fu: T1

To overcome the problem of the ‘mussing’ benefis in Figure 4, it 18 necessary
1o assume that the benefits of the existing technology, T1, continue in
perpetuty  Thus, even although in reably there may be disadoption of the
obsolete lechnology, for the purpose of compuling banefils, it 1s necessary (0
assume that disadaplion does not ocour  And the reason for this 18 because
of the way research beneiits are calculated as an increment over the ‘without
research’ situation  Such an approach seems (o be 1 accord vath the
perceptions of the beneficianies who adopt the new technology.

The effect of assuming that benefits continue in perpetuity for an existing
technology, even when it becomes obsolete, are shown in Figure §. In this
representation of the benefits, the 'missing’ benefits have been made visible
and the incremental nature of the benefits made clear. The ‘real’ benefits
from adopting each technology are shown as successive increments. In the
analysis therefore, the effect of disadoption of an existing technology due to
obsolescence is not to reduce the benefits from the obsolescent technology,
but to provide a meahanism wh‘ich enablab pmducers to. adop& the‘ '

{echnotogy. am:i these benet‘ ts rep
from the: obso‘ete technolaqy I‘or




reasons including disadoption because of biological decay, the treatment of
benefits will be different

Concluding Comments

A number of factors were identified which result in the truncation of the time
horizon of benefits in the benefit-cost model as it is applied in the economic
evaluation of research  Inctuded amongst these factors is technological
obsolescence The conventional approach in estumaling research benefits for
a {echnology wiveh becomes obsolete is o impose disadoption of the
obsolete technology. reflecting the adoption of the new superior technology
by producers The effect is to limit the number of years of benefits of a
technology which becomeas obsolete and is replaced by a new technology

The paradox resulting from the introduction of the: disadoption mechanism is
that incremental benefits from the adoplion of the new technology merely
replace the benefits associated with the: obsolete technology The
incremental nalure of the benefits from the new technology is lost

Yet it seems claar that producers will only adopt a new technology 1f the
benefits exceed those of the exsting technology The treatment of research
benefits as ncremental in the economic evaluation of research is consistent
with this user pereephion

For computationa! purposes, o retain the incremental nature of the benefils
from adopting & new technology, it is necessary to {real the benefits from the
obsolele technology as if they continue in perpefuily. In this way, the
paradox of the ‘mussing’ benefits arising from use of the conventional
approach {o technological obsolescence can be overcome and the risk of the
gross underestimation of research benefils avoided

Obsolascant Technolog
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" APPENDIX TABLE: DATA USED FOR SIMULATION EXAMPLE
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“FIGURE %

Gross Annual Benefits from Successive Research Innovations
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FIGURE 2

Adoption Patterns for Successive Research Innovations
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Adoption Patterns for Successive Research innovations
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FIGURE 3
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Annual Benefits Generated by Successive Research Innovations
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FIGURE 4

Annual Cumulative Benefits - T1 + T2 $
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FIGURE 5

Real Annual Cumulative Benefits - T1 + T2

%éui;xuiaﬁi?é Benefits (T1 +T23

Time !

B et TR

o e : ©Ralp
iRentacrant Tarhantnne and tha Time Horzon in Banefi-Cost Analvsis Ral





