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Abstract

Generally,production technologies are adopted becauseititegase profits In the case of the
first-generation crop biotechnologiadditional factors are in play. These factors affect the utility
of individual producersdirectly, as well as possibly affecting their utility functiomglirectly
through profits. TIs article considers the effeatonpecuniary factorshave on the derived
demand for a firsgeneration croiotechnologyover time We showthatthe derived demand
will increaseat first and then begin tbecome more inelastto price increaseas adopers get
accustomed tand value more highly theonpecuniary benefits We consider the convenience
embodied in the Roundup Ready soybean systeran example As empirical support for the
transformation of the elasticity aferiveddemand system cost@nd adoptionover the period
19962007 are examined The datasuggestthat, despite recent increasé the systemcosts

adoption continued to increasignaling a relatively inelastic demand response.
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Biotechnology Adgtion Over Time In the Presence oNon-Pecuniary Characteristics that
Directly Affect Utility : A Derived Demand Approach
Introduction
Generally, when we think of new production technology, we think of a new product or technique
thatwill increase profitsmostly due tdower production costseteris paribusin the case athe
first-generation crop biotechnologies (thecsa | | ed fagronomico traits),
factorsarein play which areat least in partjonpecuniaryin nature Considerthe convenience
factor, for example. Adoptess havelong touted the convenience provided the biotech crops.
Studieshavefound thatproducerslacea value on theadditionalconvenienceafforded bysome
of the first generation biotech crop®ove and beyonthe time savings These studies are
summarized inMarra and Piggot{2006). For example, consider the converieraspects of
Roundup Ready soybeans. Adoption of this biotech technology atieerthetop herbicide
applicatiors that consist of using apray boom that can spray up to 20 rows at a time, and at a
muchhighergroundspeedwhen compared to postdirected applicationwhich is the only post
emergence option for conventional soybeanSpraying ovethetop as opposed to a pest
directed apptation is less costlysimpler, and reduces the worry applyingthe herbicidevithin
a narrow window of time The post emergenc@&verthetop spray is more convenient than any
other weed control option in the soybean production systéhe value ofhep r o d sitome r 6
saved is part of the story amahters his utility function through increases in profitewever
features such dsaving a simpler system to operate and less worry about tamdgrecisiorof
pesticide treatments are components ofveoience thaa f f e c t the producerés u

directly.

An Everyday lllustration
To illustrate what we mean by the effect of con
function directly, considethe mobile phone.The proliferation of molé phonesn the past few
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years and the convenience this technology bestows on users is unquestidhabt®nsumption

of mobile minutes continues to incredsdaybecause of the utility that a consumer derives from
the freedom of being able to placeall using this technology from almost anywhere, compared
with placing the call using nemobile technology thatasa limited geographyless convenient)
but is often substantially cheaper. Furthermore, consuimerse become soaccustomed to
having accesto the worldbn their mobile phonethatit is commonplace to keep these phones on
or nearoné&s person at all timesFor seasoned mobile phone usexsk yourself thdollowing
guestion How responsive would your demand for an additionabile minute (or set of mobile
minutes)be now if the cost increadecompared tohow you would responavhen you were
considering adopting this technology (acquiring your first phone)? For most npitniee
consumers we expect the answer to be that their dereapdne has become more inelast@

price increases

Purpose of thdrticle

The purpose of thisrticle is to show the effectsnon-pecuniary factors embodied in new
technologieshaveon thederived demand fothese technologiesver time Our hypothesisis
that, with theembodied nofpecuniary factors such asreased convenience in pldiie derived
demand for thee technologieswill increase(shift out) at first and then begin to become more
inelasticto price increaseasadoptes g et i u s e dthetaddidiona covenierazhore e
highly. The specificargument we develop in the remainder of &ncle is that, asadoptergyet
accustomed to the convenienzdiotechtechnology affordshen their demandesponsiveness
to priceincreasesbecomes morénelastic leading to a kinked derived demand curve for this
technology A key insightinto the ideas developed in thagticle is to view the biotech
tecology as a factor of production, withe conventional technology being the alternate factor,
and the demand for an additional acre tbe biotechtectology as a derived demand@he
remainder of thearticle is organized as followsAfter a brief review of previous researchew
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presentatheoretical modelvith some comparative statidellowed by agraphical representation
of technology adoption in this settindempirical support for the theoretical results is presented

and thenhe conclusion follows.

Background

Several approaches have been taken to analyze agricultural technology adoptiorrst Tees fi

the seminal work of Griliches (1957) in which he modeled the technology diffusion curve
(adoption path) of hybrid corn as a function of economic variables, such as the factors affecting
the i nnovat i on@efoumdrthatf as tsuech fackodifteryacross space and time, the
slope and ceiling of the adoption path will differ, as well. His modeling appmaslto fit a

logistic curve to the adoption data for hybrid conrer time making the slope and the adoption
ceiling functims of the eonomic variables. Others have modeled the probability that an
individual decision maker will adopt the new technology using a random utility framework
(sometimes directly and sometimes implied) which results in the probability of adoption as a
function d economic variables, including farm aptbducercharacteristics (Rahm and Huffman,
1984; Shapiro et al., 1992; Bosch et al., 1995). These studies usedamiigsal survey data.

Still others focused on the timing of adoption in a temporal framew@i Ma r a , 1971; Lind
et al., 1982; Feder and Slade, 1984; McWilliams et al., 1998). The goal of these studies was to
determine why somgroduces are early adopters and some are laggards.

Another line of research has focused on the role of informadiodh learning in
technology adoption. These studies fokmlGr i | i ches 6 approach of model i
curve as a function of the variables of interest (e.g. Warner, 1974; Lindner and Pardey, 1979) or
as the probability that an individual waldopt (Fischer et al., 1996; Goodwin and Kastens, 1996;
Marra, et al., 2001). A substantial literature also exists that examines the role of ik in
adoption of a new technology (e.g. Just and Zilberman, 1983; Shapiro et al., 1992; Foster and
Rosenzwig, 1995; Goodwin and Kastens, 1996). These studies modeled the decision to adopt in
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an expected utility framework, assuming output price, output revenue, or input prices are
uncertain. The role of characteristics of the innovation that can affecy diiléctly has been
examined in only a few studies (See Bair,al, 1999, for a example and aeview of this
literaturg. These studies have taken the probability of adoption approach to analyze the effect of
such norpecuniary characteristics as thelative flexibility or the risk characteristics of the
innovation. The Batz et alarticle also uses crossectional data collected in two time periods,
introducing some of the dynamic aspectshefadoptiondecision

This articleis an extension of thtechnology adoptiofiteraturein that we considein a
derived demand framework tlebaracteristics of the innovation as factorsindheci si on maker 6
adoption decisionwhile also incorporang the role of learning and developing skills with the
innovdion into the adoption modelWe derive theoretical results ihis framework and examine
specifically the role of theonpecuniarycharacteristics of the innovationWe then consider
changes in the derived demand for the biotech technology over &peifically, we examine
how the price elasticity of demand transforimger timein the presence of an embodied non

pecuniarycharacteristiof a new technology.

A Model of Biotech Technology Adoption Over Time, Accounting for Characteristics that

Directly Affect Utility

This section presents the theoretical results derived from our modeling framdéwaoriler to

developa model of biotech technology adoption over time dedve the results in this section,

werely on thefollowing assumptions

(a) Procduces are utility maximizerswhose optimization problem involves a sequence of

independent static optimization problems. Thus the decisiohoaef many acres are
allocated to each technology in any given period is dependent only on the circumstances

and eonomic conditions of that period.At any time, a producercan disadopt the



technologyor a nonadopter can adopt.hat is, here is no systematic link between past,
present, and future decisi® regarding consumption or adoption levels.

(b) Perfect compdion exists in the factor markets.

(c) Both technologies, conventional and biotech, are scale nedthis. assumption holds for
both technologies when the decision is to plant one more acre using either technology, and

holds globally for the biotech tenology. All other variable inputs (types and levels) are

predetermined, once the choicetaffal acres(A) is allocated taeach technologf(AB for a

biotech acreand A”for a conventionalacre andA® + A2= A ) is made. That is, a
producer chooses a producti on onewfythettwand wi t h
technologesin a given period. Thus, the cost of allocating an additional a(o¢§ or AC)

out of the total acres to be planted to the ciapto either technology is constaat a

particular point in timet and equal torthor the biotech technology and uQC for the

conventional technology.
(d) The biotech technology has additionalnon-pecuniarycharacteristide.g., convenience)

g, associated with its adoptidnh a t enters the producero6s wutild@

through profits(i.e. q=q AB .t ), while the convemdnal technology does noBecausey

is associated with each acre of the biotech technc(l@gj:*y), as adoption increases higher

q

levels ofq areachievedi.e. W >0). Theutility value of each unit of] is alsoincreasing

over time (i.e.,g—i1 > 0). The utility function exhibits positive marginal utility with respect

toq(i.e., Uy :aa—u>0). The marginalutility of the consumption goodJ ) with respect
q

to g is zero(i.e., Uy =% =0) becauseqj is a nonpecuniary component of utility and so
q



therefore does not affect consumptiorhe marginal utility of the consumption godd ()

is assuradto be diminishing(i.e.,um =%<0) and this diminishing marginal utility is

. AUy,
constant with respect to tingee., o =0).

(e) We assume that thadoptioncosts (rtB) per unit of output associated with the biotech
technologydeclines at first due tendogenous factors such iasreasing skill levels with

the technologyhrough learning.This decline continues for a few seasons, say tip tnd

thenthese costs may increase duexogenous factors sh asinput price increases or the

advent ofsome loss of productivity due smme other external factorThese assumptions

can be captuteby imposinga structure onr,® over timeof r®=rB¢L,t), wherery is

L . . o orB orB
the initial adoption cosét time period®, ?‘ <0 fort<t", and ?‘ >0 fort>t".

(f) For clarity of exposition and without loss of generality, we further asspmduces are
risk-neutraland that their discount raig zero

Underthese assumptions h e p r otility maximiéason problenfor each period can be

written as
max U x,q R t
XA
st
(1) X y B C B; .B B CpC
pEx=RFf A A -r(p, DA -["A
AP+ A=A
where U, is a producerds wutility functiogpanddef i ned

the non-pecuniary characteristicaffecting utility directly that isassociated with an acre of

biotechnologyand period of timeqg AB ,t for time periodt. The utility function is subject to a

budget constraint whelpg the amount st on market goodsp(‘x ) is equal to the profit from
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the total acres availableA( ) in any given period. Profit is equal tdhe value of production

p f AB ,AC , where pty is the market price of the output produced according to the production

function f AP A" | less the cost associated withoice of acres®(rE,t AB+r,°AC. The

optimization problem can be restat@dre simplyby forming thefollowing Lagrangan

@ max3=U xRt B R A-PPOR A o Bl S

The firstorder necessary conditio(fSONC)for this maximizationproblem can be written as

o3 X
@) S-=Uy —Ap =0
-
(30) ﬁwq%+4[gyfAs—rtB(roB.t)+rtC}=0
o3
3 SVt AR A — BB HAB— 1 A - AB]- p*x=0
© A A -6 DA 1 A- A%- X

The sufficientsecondorder conditions for a constrained maximum is that the bordered Hessian
determinant of the second partials Of (D) be positive(i.e., D>0) (See the Appendixor

details).The condition (3) is the shndard result that the optimal level xf is chosen where the

marginal benefits,U,  equals the marginal cos#, p’ of an additional unit of, . The same is

true fa the optimal level of AB in condition (3P but it takes some rearranging to make this
transparent. arranging (3pwe can write

4) UgGpe + 4 oY oo :/’lt|:rtB(rOB, t)—rth

where the lefhand side (LHS)f (5) represents the marginal beneditd the righthand side

(RHS) of (4) represents the marginal cost of adopting one more acre of the biotech technology
(AB). Noteworthy of the LHS is that it is comprised of two componentsa(diyect utility

componentthe margial utility from an additional acre of biotech technoldafyough the non



pecuniary factorg Ugd and (2)an indirect utility component, the value of the marginal

e
product of an additional acre of the biotechnolog\}fAB which, when multiplied by the
marginal utility of an additional dollarf ), converts this component measured in dollars to. utils
Therefore, we also have the standard result for the optimal Ie\kg‘f‘ tiat the marginal benefits

must equal the marginal costs of an additional um{Bof

We are interested isolving forthe demand functions for markets goods)(and an acre
of biotechnology AB) implied by the system of equations (3). These three equations ctrgain
terms %, A%, 4 . A& 4 .F5 1 Under the terms of the implicit function theorem this
system can be solved for the variable, , A°,and4 in terms of he remainingterms

p/.A .6 £, % andt. The simultaneoussolution of the FONC in (3jevealsthe following

results

(58) % =% (@ .A L IR

(5b) A’ =A° (A8 RS D

(5¢) A =4®.A.5 RS

The guations (% indicate the choselevels of markets goods« ) and acres of biotechnology

(AB) for any given level of prices§’ ,rOB,rtC, p) andtheamount of total acreage availabl, |

at a given pedd of time ¢).

The Maximum Utility Function Over Time
Giventhat thefocus of thearticle pertains to the impact déarning and the nepecuniary factor

over time it is of interest to understand how thmaximumvalue of utility is affected by time If



the optimal solutions for the choice variables are subgiitate U, x,q A°,t we obtain the

following maximumutility function defined over the exogenous parameters of the problem

p/ A .6 5C, 1% tas follows

U RAGE R t=Ux AL t.af g ALE 8t

“Ux a,q A at

(6)

where a= p’, A .&2.5%,p% t . The functionU” a gives themaximumvalue of utility for

any given level of price¢ p/ ,rOB,rtC, p) andamount of total acreage availabléj at a gven

period of time {), because it is precisely the optimal levelsxpfand AB that maximize utility
subject to the two constraingpelled ouin (1). Refutable hypothesis concerning the sign of the

maximum value of utility function for any given level of prices my,roB,rtC, p) and amount of

*

(2

. , . ou . ,
total acreage availableA() over time (i.e., ) are spelled out and discussed in the

Appendix. The rsult of most interest is the following:

« U «a oq o
7 Fort=t >t": =U, a —— L AR
) Q% P A

aﬁB B ; aq
-t —0if U, =
o A «a q A

Equation (J states that during the interitn-t", at some time perioti=t", the rate of change

of the maximum value of utilityfunction will become zero when thenarginal costin utils

. . y . P . .
associated with the additionedst ofthe biotechnology/, %AB equalsthe marginalbenefit in
utils of the non-pecuniarycharaceristic U, g—? . Figurel provides an illustration ofthe refutable

hypothesis concerning the sign of thaximumnvalue of utility.



The Price Elasticity for the Derived Demand for BiotechnologyOver Time

The focus of thisarticle is to understand how theerived demand function forthe biotech
tecmology isaffected by changes in the cost of this sysienhe presencef learning anchon
pecuniary factors at play. In particular, we are interestedhether there are any refutable

hypothe®s with respect to the elastic of deriveddemand and how it changes over tinfea do

: : . . AP
so, we first must investigate whether there are any refutable hymstheth respect toA—Ba :
or
. . . . 8AB a 1B .
sincethe elasticity ofderiveddemand is eggpl to Mpere = —BB‘—. Inspection ofthe
' o, A«

Lagrangearfunction in (2) reveals tharttB only entergthe first constraint meaningno refutable

hypotheses are implied by the maximimatihypothesis alone (8#rberg1990. This fact is
reinforced by deriving this comparai static result (setne Appendixfor details) which can be

shown to be equal to

aAB o Uxx [— p{ fAB - rtB(roB’t)JFrtc AtB]— P AP

8) orB D
Assuming diminishing marginal utility of consumption goods,(<0) (seeassumption(d)

aboveg the demandfunction for the biotech tecmology is indeed,downward sloping(i.e.,

B
ZLB<O). Using this result we can write the following expression for the elasticity of demand
"t
for the biotechtecmology
AB I,.B Ux[)g pty fAB r.tB(rOB’ t) rltc AIB th tptx r B
) oo — % 5 = 0.
A A

Differentiating (9 with respect td reveals the followingesult ee the Appendifor details)
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