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4 Second Look at the Inducad Inncvation Hvocthesis

by

Lawrence J.lLau and Pan A. Yotopoulosl
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1.Introduction
The  “induced innovation hypothesis," first for
developed by Professors Yujiro Hayami and Vernon Ruttan, is

theoretically very appealing and empirically very powerful hypothesis.

Siaply put, it implies that innovations in technology occur in response

to (and in the direction of) perceived factor scarcities or more

generally changed economic conditions.  Induced innovation therefore

always connotes causality. Viewed in this way, technological change is _

encogenous rather than exogenous, as is commonly assumed. Induced
innovation also suggests that whatever technological change that takes
place is likely to be biased, that is, at constant relative prices, the
optimal factor proportions will not necessarily remain the same after
the tachnological changéif . 

However, innovatiahs in technology, which imply th; discovary and
invention of new production possibilities that have not existed befors,
nust oe carefully distinguished from new adoptions of already existing
but heretofore unused technology. New adoptions can also come xbout i

response to actual or perceived factor scarcitiss or chanced economic

tlawrence. J.  Lau 1is Professor of Cfconen
Economics, Stanford University and Pan A. Yotcp
Eccnomics, Food Research Institute, Stanford Univer

nics, Department of
oulos is Professer of
ersity.

UNIVERSITY OF CALIFORNIA
CAavig

0CT 20 1988

Agricultural Econdinics Library




conditicns.  For example, as labor bscon
may become more widely adopted, tut the nec

may have alreacy been 1in existence for a long time, and ray even have
been used extensively elsewhere, perhaps in z diffzrent country. If
only actual nmarket data for a single country are availibls, i: is
difficult to distinguish between a shift of :he procuction
possibilities frontier (innovation) and a zovement along the frontiar
(adoption). In addition, there may also be innovations that are nct
induced, that is, innovations that do not have & predisnosed directicn.

All of this makes the rigorous empirical verification of the "induced

innovation hypothesis” extremely difficult, if not inpossible.

2.4 Single Producer

We may further analyze the situation by considering the orocess of
innovation under the assunption that there is only a single producer.
The producer is induced to allocate efforts for innovation. fo-
example, labor may have becone or is expected to become zuch mare

expensive relative to capital, and resources are thus ailccated to seek

labor saving innovations; However, the efforts co not necessarily

result in innovatidné&4ihe latter being partially randsa and generally
unpredictable outcomes. Moreover, Innovations, once gdiscoyar

not necessarily implemented, depending on not oniy the reiative prices
of the outputs and inputs but aiso the expecied tapefits

the costs of implementing the innovaticns at th

expected to prevail at that particular tize. For

saving innovation the efforts for which werz inducad 3y the change in




expectations of energy é}ices in the ceventies may not pe implemented
today because of the currently prevailing low orices of gnergy.
However, such an innovation, if directly observed, would in itseif
constitute a verification of the induced inngvaticn hypothesis.
Unfortunately, an unimplemented innovation is never refieciad in the
data on the actual operaticns of the producer.
Thus, the narket data alone cannot throw light on the Juestion of
whether there has been an induced innovation or not. If ten years
later, the price of energy rises again, and the innovation is finally
inplemented, then the quantity of energy used will be observed to
decline with the rising relative price of gnerqgy and at a rate that is
faster than previous similar increases in the relative price of energy.
However, this does not constitute a proof of the "induced innovation
hypothesis® because it does not involve a new innovation, tut nerely
* the adoption of an existing, albéit heretofore unused, innoyation. The
observed relationship between the observad declins in energy use and
the prevailing prices provides evidence for the eifect of changss in
relative prices on adoption but not for induced innovation.

The conclusion onthiS' line of arqunent is that the cbserved

relationship (or lackithéreof) between factor use and relative factor

prices {or scarcities) over time in itself is neither necessary nor
sufficient to verify or refute the “induced innovation hypathesis" in

the absence of additional assumptions.

3.Many Producers




#ith many croducers, the difficulties of veriffcation are
compoundad because not every procucer will decidz to adept a clven
innovation because cof producer-specific but possibly unchbservabls
characteristics and conditions and 2ven if every procducer cecides ta
adopt, they may not all adoot at the same time. Rather, they may adeot
in a time-distributed pattern. Thus, as the innovatian diffuses
;hroughout the population of producers, the observed aggregatz factor-
use is going to continue to change on the strength of a previous
innovation even though there is no current innovation. This is going

to vitiate any inference on induced innovation drawn on the basis of

the aggregate data.

4.0ther Verifiability Issues

In addition to the separation of the effect of innovation from the
effect of adoption, there are a number of additional issues that
concern the empiriéal verifiability of the “induced innpvation
hypothesis®.  They include: (1) the confounding of the effects of
econonies of scéle'and innovation, and the biases in the scale affects
With the biases'ofvieéﬁﬁﬁlpgical change; (2) the effects of acqregaticn
and of diffusion; (3);fh§; effects of quantity rationing with fixed
arices; (4) the confounding of the degree of compiementarity of inputs
and the bias of technological change; and {3) use of an zporopriately

general functicnal fora.

5.Conclusion




Given all of these complications, what can be done? Tas situation
is not hopeless. One can use (1) pooled international and oross-
sectional data to distinguish between innovations znd adeption of
existing ianovations; {2) engineering data or experizental data sg
the unimplemented innovations can also be taken into account;
functional form assumptions to attempt to disentangle scale
technological change effects.!

It is useful to realize that the “induced inncvation hypcthesis”
is more a hypothesis on the allocafion of research and cevelopment
efforts than _actual adoption. Of course, if thers is no innovation,

there cannot be adoption. 3ut innovation itsel? does not necessarily

lead to adoption. Thus, the actual production choices adopted may not

reveal infornation about innovations that have not been implemented.
This is the crux of the problen of the empirical verification of the

"induced innovation hypothesis”.

1A further comolicated factor is that innovatiorn may in sonpe
instances consists of making a given scale sossiblz. In otrer Worgs,
innovation is embodied in scale. In that case, even scale sifects
should be atiributed to innovation.
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