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Sumanary

In this paper we present a conceptual framework of the adoption decision for
individual farmers. This framework overcomes the shortcomings of a number of
the previous studies. It represents the adoption of an mnovation as a dynamic
decision problem spanning at least several years, The i del allows for generation
of potents “lly valuable information iom trialing the crop. The value of such trials
is due to development of skills in agronomic management. of the crop as well as
reduction i uncertainty about its long term profitability, In this framework we
also melude the farmers personal percoptions, managerial abilities and risk
- preferences in order to properly represent the adoption decision process. We show
- how Bayes’ theorem van be incorporatesd as a logical way of capturing the proces. of
“helief revision and caleulating the value of information generated from the farmer's
subjective estimates of the profitability of the crop. We also explain the socio-
demographic factora that are likely to influence farmers’ adoption decisions. The
conceptual framework described in this paper is being used to develop a
longitudinal survey of around 130 farmers 1o the wheathslt of Western Anstralia
which will provide the necessary infarerstion for building & dynamic model of
adoption of grain legumes under uncertainty.

~ Introduction

- The adoption of innovations in agriculture has been studies intensively since
(Grilichex” (1957) pwneering work on adoption of hybrid corn in the USA. The
majority of the previous adoption research has been concerned with answering the
questions: (a) what determines whether a particular producer adopts or rejects an
innovation, and (b) what determines the pattern of diffusion of the innovation ‘
- through the population of potential adopters (Lindner et al, 1982; Feder et al,
19856; Lindner 1987; Tsur et al, 1990; Leathers and Smale 1992; Feder and Umali
1993; , Saha et al. 1994; Marsh et al. 1995; Rogers 1995). Overall, despite
~ numerous studies, the results of research in this field have been disappointing.
Most of the statistical mudels developed have low levels of explanatory power,
despite long lists of explanatory variables (Lindner 1987). Furthermore, the
results from different studies are often contradictory regard the importance and
influence of any given variable.

Risk has often been considered as a major factor reducing the rate of adoption of an
innovation (Lindner et ai. 1982; Lindner 1987; Tsur et al, 1990; Leathers and
Smale 1992; Feder and Umali 1993). However the issue of risk in adoption has
rarely been addressed adequately. The missing link is usually the dynamic nature

_ of adoption decisions involving farmers’ perceptions and attitudes especially in the
information gathering stage of adoption,



This study presenis a framework that conceptualises adoption as a multi-stage
decision process involving information acquisition and learning-by-doing by
growers who vary in their risk preferences and their perception of riskiness of an
mnovation. It has been developed in the course of a cage study of adoption of new
gram legume crops in Western Australia but we believe it to have wide
applicability, The aim is to understand how risky grain legumes are perceived to
be amongst farmers and how risk attitudes and perceptions affoct their ndophon.

In developing a concephm! framework of adoption Lindner (1987) reached some
important conclusions that are pertinent to this study. He highlighted the
inconsistencies i the results obtained from most of the empirical studies on
adoption of agricultural innovations and identified some reasons for shortcomings
observed in many of those studies. These included the failure to account for the
importance of the dynamie learning process in adoption, omitted variable bias
through poor mode! specification, and failure to relate hypotheses to a sound

“conceptual framework. He argued that weaknesses such .3 these were the prime
cause of findings i some studies that farmers behave againgt. their own best-
interest in adoption deeisions, e concluded that,

* As long as the findings of methodologically flawed studies are ignored,
there s compelling empirical support for this emerging consensus that the
final decision to adopt or reject. iz consistent with the producers self-
interest”, (p. 148) ,

and that,

“The lmdmg that the rate of adoption as well as ultimate adoption level are
determined primarily by the actual benefits of adoption to the potential
adopters 1s by far and away the most important. result to be culled from the
empirical Iztormuro on adoption and diffusion.” (p. 150)

The framework presented in this paper overcomes the shortcoming of a number of
the previous studies. Here the adoption process of a farmer considering a new crop
is modelled as a dynamue decisivn problem spanning at least several years. The
model allows for generation of putantially valuable information from trialing the
crop The value of such trials is due to development of skills in agronomic
management of the crop as well ag due to reduction in uncertainty about its long
term profitability, The former of these appears not to have been adequately
recognised in previous literature, In order to properly represent the process, the
framowork must include the farmer’s personal perceptions, managerial abilities
and risk preferences. In the first part of this paper, the decision to adopt a new
erop is represented as a simple static portfolio problem under certainty with the
objective of profit maximisation, Thig simple model is then extended to include

~ adoption decisions over time and the increase in crop profitability resulting from
skill development which comes from experience in grawing the crop. The model is
further expanded to include the farmer’s uncertainty about the iong term S
profitability of the crop. The value of on-farm trials and experimentation to obtain
information for reduction in uncertainty about the profitability of the crop is
included. Next we describe the incorporation of Bayes’ theorem as a logical way of
capturing the process of belief revision and cal(.ulntmg the value of information -
generamd irom previous experience of growing the crop. Inclusion of farmer's
personal risk preference {urther enhances the framework. Finally the roles played
in the framework by social and demographic factors are discussed,



A Static Model of the Individual Adoption Decision

We start with a simple static model representing the fermer’s decision problem
regarding the aliocation of land to production of chick peas and an alternative crop.
In this initial model, for simplicity it 18 assumed that there is only a single
alternative crop, that there 1s no uncertainty or risk in the decision, and that the
farmer’s objective is to maximise profit for the coming season only,

Let :
A = Area of chick pras
A, = Avea of the alternative enterprise
A4, = Total arable area on the farm = 4.+ 4,
¢i. ="The gross margin of a hectare of chick peas
;.= The gross margin of the alternative enterprise

~ Assume that the farm’s land is helerogeneous (e.g. in soil structure, chemical
composition of the soil, weed speries present) so that ¢, and ¢, vary within the
farm. Now suppose that we have caleulated for all areas of the farm the difference
in gross margin between chick peas and the alternative enterpnise, GG, - (7, and
liave ranked the paddocks according to this difference, Assume that whatever
value of A the farmer selects, it will he allocated to the land on which G, - G is
greatest. Then profit for the farm 1s gven hy: : ‘

) y
N= {6 dd + [Gad, @
; ) »,,ﬁ : .

For anv given value of 4 1tis ;msslb]b {o caleulate G, and G4, the mean gross
margin of chick peas and the alternative enierprise regpectively, across the whole
areas an which they are grown, Then: ‘
N=G. 4, +Ga- A, 2)

 This second representation wall be useful later, For now we continue from equation
(1). The optimal area of chick peas, 4., occurs where the first denwative of profit
with respect, to 4, is equal to zero or, in other words, where there is no further gain
in profitability by any incremental increases in the area of chick peas:

! Ao @

dd =

dA,
but 4, =4, ~ 4,50 Y -1 and A wwhers G~ G, =0 or G =0,
At A’ the gross margins of chick peas and the almrnaﬁvé enterprise on the
marginal unit of land are equal. 1113 necessary to check that the aemnd’derivative

is negative to ensure 4 maximum,

Now consider the question of whether to adopt chick peas or not. In other words, is
A_ larger than zero? ' -

From (2) R
(A =Ge A +G o (4~ A) “)
and e - '
M0)=G4 4, )
%0 e SN AR
MA)-TI0) =G, 4 =G4~ A ®
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thus
A ;
I(AL) ) TI0)
DG AL ~Ga A0
In other words, some chick peas will be grown so long as the gross margin of chick
peas s greater than that of the alternative crep on any part of the farm, This
simple portfolio model does not account for time in the adoption process, nor for the
farmer's ahility to learn by doing and improve his or her techmeal efficiency in
growing and marketing the crop more wcww[‘ully 'l’lwso weaknesses are
~ addressed in the next section,

A summary of the symbols used here and their deseription are provided m
Appvmhx A

A Dynamic Adoption Model with Slull Developmunt

Qur snmplo'statw portfolio model ¢an now be adapted to allow for changes in tho
gross margin of ehuck peas from year to year through changes in yieid and price as
the farmer gains skill in growing or marketing the produce, We still assume that
the decigion 18 free of risk and uncertainty. The improvements i chick pea gross

margin over time are vmm)lowlv dowrmmmtm :md predictable,

'l‘lw objective 18 to maxumise pmhtabﬂﬂv twvr a period of 1 years:

Max I - Npl;z; f G, d4, + j G, dA 4,3 £G)

L ‘ J S

ar - '
Max I = NPI; [o,, G Ay ®) .

Note our assumption that (7, is constant over time, unaffected by further

~expenience with the crop. This reflects an assumption that the farmer has
substantial expenience already in growing the alterpative crop.

Suppose the farmer chooses to grow chick peas in the coming yom' (year one), Itis
convenient to express the profit. function as ﬁ)llows, with terms for the first year
%pm‘awd out, ; ; 7
M=Ga: A, +0Ga .(A, - A) NPV G 4, 4G (4 - 40)] ®
Finding the optimum area of chick peas for every year from ¢ =1to t=n,isa
determimstic optimisatimn problem of n decision variables subject to constraints
that 05 A, < A4,. Lot 4, mgmfy the optimal areas which are the solution to this
probl(im. ,

Now consider the question of whethor the fntmér would be better off not to grow
chick peas in the first year, A7 is the optimal set of chick pea arcas over tune :
subject to the additional constraint that 4,, = 0,

Note that G, depends on 4, in previous years since we assume that experience
improves the farmer’s skill, The improvements in G, depends on the number of

~ years of experience and the aggregate prior area grown. For a given vector 4,
there is a corresponding vector (7,,. Thus considering whether or not to grow chick

»



peas in year one implies differences in G, in later years, and this then influences
the optimal chick pen area in later years,

{ cnw\q;wntlw oven though A7 is formed only hy constraining the chick pea area

n the fiest yoar, this constraint mfluences the optimal area in subsequent. years
; (;mwntmllv all of themy. 'nderstanding this 1= important for the question of
whether or not, the farmor is botter off gmwmg chick peas n the first year; is

ra;)sm(4y).

If the farmer graws chick peas m the fipst year then the dynamie profit function
can be exprossed as:
) r]z o a = n' (,;., . A“ s (?4 (A?“ )-&« N,’{m [(}ﬂ ‘4¢:i A (1,( (A1 - A{,)] (10)

Ir Lhc& farmor chooses not to grow chick peas i tha first. year then the dynamic
profit function can be expressed as:

m, - 'ﬁ:(u»a;M\I"q:[(;’:%; +>("‘"§‘4~(A,~‘~A;)]‘ an

v Aogen
The diference hotween the two (equations 10 and 11) indicates whether income
from the chick pea crop i year one plus the vaiue of improving the farmer's skill in
growing future chick pea erops outweighs the Joss of income from the alternative
erop. , ; ‘

I G G AL 12)
“Where [ represents the difference between ’\I’i of nmﬁts for ymnrtz subsequent to

ypar One.

G+ AL, =net roturns from chick peas in yoar one,

G Aa, = opportunity cost of land used to grow chick peas in ypar one.

1, is a monetary value which arises from the improvement in the farmer’s skills at .
growing the crop due to experience and information learnt in year one, Itis a
value of information which differs from that usually discussed in the decision
theory literature (e.g. Andorson et al. 1977). The value ig in changing the technical
parameters of the production function, rather than in better decision making, It
encompasses any adjustment in area of chick peas and the alternative enterprise
m the future years as a result of the farmer’s higher skill level after the first year.

Tt recognised in the hterature that collection of information which reduces
uncertainty and improves decision making (denoted here as 1) provides an
incentive for farmers to plant a trial of a new crop even if they expect to lose money
on the trial in the short run, [ provides a similar incentive, with higher profits in
future having the potential to offset losses in the short term as skills are developed.

Lot us consider the value of information from skill development, /., in more detail.

Iy = NPVL[Go A 4G (A - )G 45 -G (4 - 43)] a9

In every year after year one there s potentmlly a change in the area of chick pens
due to the decision to grow chick peas in year one. 1f the farmer's skill level had

not been increased by growing the crop, the optimal area of chick peas in
subsequent years would probably have been lower. It is convenient to represent .
this vhange in optimal areas as:

A=A ~ATor AL =AS+A, (4



Then substituting for ', in equation (14) we have: |
To= NP A7 5 8 ) 4G =17 +A) =50 A7 =G (4~ D)) (81

Io= NP",Q[(??I;, SGa )AL (G -G A,,] 16)
Equation (16) above shows that the value of information from akill development.

can he docomposed into two elements: the gain in profitubility on the aeen which
would have heen eropped to chick pons in future years even without chick pens

. u/d:t ww;n ; . N . .
bomng grown i year one. '((m‘ = { Pyt ) A plus the gain in profit on the nrea
converted from the altornative crop to chick peas in future yoars as a result.of
\ g : '*;» s .
growmg chick peas in yeur one, (( for~ (14 ) Ay

it 18 likely that as the area of chick peas in the first year increases so does the gross:
margin of the chick pea erops in the future years since larger trial arens are more
likely to be representative of the whole farm seale production of the crop and hence
result i targer improvements in farmer’s skill in growing the crop. However it is
anlikely that there would he a himear relationship between A, and G, 5 it
appears more likely that 7., would decrease at a decrensing rate with incroases

m A,. Infaet there would probably be o relationship that showed an increase in
the gross margin of future chick pea erops with incremental mcreases in the trial
areas but at a decreasing rate as shown in Figure 1,

Figure I A possible relationship hetween (7, and 4,

e

(G

1f the farmer is growing a trial aron of chick peas primarily to enhance his or her
skill level, diminishing marginal roturns to the area of the trial would tend to
encourage the farmer to trial a small area of chick peas since for larger areas, the
value of /, per hectare 1s smaller and may not offset the opportunity cost, of the
alternative crop, On the other hand, if the trinl is too small to represent a realistic
experience of growing the crop, the gain in skill may also be too small to be '
worthwhile. Anecdotn! evidence indicates that extensive dryland farmers in
Western Australia typically trial new crops on 20 to 40 hectares.



A bynumic ’Aﬂdo,pt:’ion Mmiel with Uncertainty and Experimentation

Up to ths stage in the development of the conceptual model of adoption it has heen
assumed that yields, prices and costs of chick peas in current. and future years are
known by farmers with certainty. However, in reality the farmer is uncertain
about the values of some or all of these variables. This means that as a result. of a
trial of the erop, iformation about it yield and price performance are likely to
rorduce the farmer’s uncertmnty for future years and allow better decision making,
The value of this information for improved decision making 18 denoted 1.
Although thig was ment joned hriefly in the jrevious section, it was not included in
the model there, We will consider it in detal in this section. . ,

"We will assume that the farmer's chjective 18 to maximise the expected value of the
net present vaine of profits. Therefore the farmer 18 concerned with the gross
margms of the crops i year ane and future years (Risk aversion on the part of the

“farmer i not sonsidered but 1 n a later section), Before conducting the trial, the

 farmer has p «oective pereeplion of the possible values of (7., the gross margin of

chick peagon . noetare of s or hor land, For a given aren of chick peas, the
gross margin varies from hectare 1o hectare and the mean over the area s denoted
by (G, . tiross margn ol rhick peas, (., vares according to the area of chick peas
grown. Now, the farmer 1s uncertiimn about the value of G, butis able to

subjectively state a probubility distribution for it, us ilusteated in Figure 2.

Figure 2. Suljective probahility distribution of Ge.

Probability ya

As shownn Figure 2, this distribution has a mean, lz((m;f) (iiven the farmer’s
objective to maximse expected NPV, this mean of means would be the value used
1 a standard decision theory model to represent the pay-off from chick peas in
each of the years. ‘ ' I

Regardless of the farmer’s ohjectives and decigion process, it is clear that the
decisions to trial and ultimately adopt chick peas are based on subjective
percepuons of the probability distribution of the profit for chi k peas. From the

- information generated from the trial, the farmer revises his or her subjective
beliefs about the profitabihty of the crop. Based on this revised (hopefully more
aceurate) perception the farmer decides whether or not to continue growing chick
peas and, if 8o, what area of the farm to devote to them.

Atrial in ‘yaar t provides information which #ﬂow‘a improved ashiﬁti%a of G. for |
subsequent years. This in turn allows improved selection of A, for subsequent '
yoars. ‘The gain in expected profit E(G ) an  result of the changes in A,

‘ , i




constitutes the value of 7,.. [, should be evaluated using the improved estimates
of Ger. 1o nssess the values of A, with and without the trinl.

It should be cloar that [, 1s duferent to 1, it the two interact because both are
related to changesan the area of chick peas 1o 2oy given senson, 4, . In the case of
7, unprovements i (- encourage incroasei it A, , while for 7, better krowledge
of the erop’'s performance may mtlmr inerase o decrense the area selected to be
grown. : ; a

Mathematieally neluding 7, m the deaision of whether to trial chick peas in the
coming yoar (Lo, whothor A7 1 0) gives

N Good - Gedleloo an

iven the elose mternetion between [ and 7. it may be better to refer 1o the
combned value of the mbormation as [ ,,. However. in order 10 simphfy the
coneeptuahisation of 7. bt ug ignore at this siage the value of T, by assuming
that the farmer s skill af growimg ehiek peas . not merepsed by experience,

~ Roecall that if the farmer deeides to trial chick peas. the dvnmmr* profit fum*tum mn
b exprossed as

MGl 4 G (4 A7) NP1y, [m-«x + Gyl dy - 4’)]‘ a8
While if the farmer chose not fu trial chick peas n that year. the profit fanction 1s:
M= G dos NPIZ G 47 <G (4, - 4&1)] | (19

These were grven previously 1 relation to 7o, buf the same pquations apply w1l B
As before. there would probably be dmnrrﬂm‘m in A4 1nsubsequent years ay result

of the trial 1n year one, s that 45, = 45 . Bocause we are assuming that there are

no benefits from imcreasing skills, the unpact of the t=al on 4, 15 not causad by
actual changes n (7, hui rather by changesn the lmnwm;wrmnwn of (1.

 As before the difference hotween the two equation indicates whether the value of
producing the crop in year one and of the ml‘orm ation it generates outweigh the
ammrtumty GouLs, ‘

=11 = Go AL = Ga A+ 1, @0

In a sumilar way as we did for 1, wecanexpand /.. :
o= NG A+ G (4= A3) -G A7 =G (A - A ) e
and rearrange it to give: , : )

I, = NPI? [((m -Ga) A7 +(G wi:“i,,);A,.,] @

However for / b [((m - (m ] i8 zero since we are assuming that the trial does

not alter (7, only the immer s perception of it. This is one of the differences
botween 1, and /. Therefore I, can be reduced to: ‘

I,,«NPFH(CMMM) A,,,] e



Therefore, the value of information from trinling in the model is the gam in profit
on the area converted from the alternative enterprise to chick peas in future yoars
as a result of the trial,

Unlike the process of traling for skill development, trialing for roduced uncertainty
van lead to a reduction in the percoption of the profitability of the crop. In such
cases 1 does not mean that the information has negative values, since the
raduction in plantod aron whach results is a better decision,

Lake /¢, 1, is hikely tomerense hut at a decreasing rate. Again, in cases where

the meome generatod from the teail doos not outweigh its cost (G - 42 (G - A;),
the shape of the relationship between A and [, wall strongly influence the
~optimal trial arca, similar to the optimal m\mpio Size 1N sumdnrd rlc-('mum theory
(Anderson et al 1977),

Also like I, the vnlucz of 7,. 18 hikely to decling over time as the farmer gains

experionce with the crop. Thigis beeause the more accurate are the farmer's
current perceptions shout the erop, the Jess scope there s for mpmvml decision
makmg hy further refinement of the perceptions.

In summary, then, the introduction of uncertaity into the model brings the
possibihity of a trial generating information which 18 of value in reducing the
uncertainty. Such reductions mean that the farmer 18 more able to maka dacisions
which nre i thmr own hest interests.

Using Bayes' Theorem in Valuing Trial Information f

One approach to modelling the changes in percoption following a trial is to assume
that. farmers use Bayesian learming rulos to update their perceptions {Anderson et
al. 1977). Although there 1 some evidence that people do not beheve exactly in
accord with Rayes’ rule (Lindner and Gibbs 1990), this theory does provide a
convement and rigorous framework that may be a reasonable approximation of
actual human learning process, Anderson et al. (1977) argue that the most
important feature of Bayes' theorem is that it provides a logical mechamism for the
congistent processing of additional information. From a Bayesian perapective a
farmer who enters the trial phase with a certain percaived distribution of the
profitability of the crop carmes out the trials in order to narrow the gap between
their perception and the crop's true or objactive distribution of profit.

Anderson et al. (1977) provide a good explanation of Bayes' theorem and its
application i decision analysis. They describe the decigion problem as a chain
consisting of several interlinked components. These components ure states, prior
probablities, consequences, choice criterion, experiments, likelihoods probabilities
and strategies. We shall follow their notations and briefly describe each one before
using the concepts to describe Bayes’ theorem and its application,

Acts, are mut unlly exclusive choices of actions available to the decision maker 8. .
different areas of chick peas in the coming year), States are the possible events in
the decision maker's world which are also mutually exclusive and about which

there is uncertainty (e.g., the yield of chick pen). Prior probabilities are the
probabilities of the occurrence of different states of nature as perccived by the
decision maker prior to the trial, A mnsoquanw is what an act leadn m. depending

9



on which state oceurs, The choice eriterion or objective function is the means by
‘which the consequences are measured and evalunted (e.g., the resulting rrofit or
utility). Experiments, such as conducting an on-favm trial or buying ax oxpert's
wlvice, provide mformation ahout the probabilities of states which the decision
muker can use to update their knowledge, Likelihoods are often sutioctively held
hatiefs about the probatility of observing anch possible outeme of the experiment
given that a particular state provails. Prior probabilitins are modified through the
fikehihoods and Bayes theornm to become posterior probabilities. Finally a
strategy 18 the set of achions to be taken in future in response to different outcomes
of an oxperiment or new mformation. We summarise these components of a risky
decrsion problem by denoting them as follows: o S

o = the j* aet or risky prospect
f = the i state of nofure
I’(f? a) = the prior probahility of oceurrence of 6,

P(a g}  =theutlity that resultaif a, 18 whosen and 6, oceurs
z, - =the k possible nuteome from an pxperiment of trial

1’(:%:,,3; ¢ ] = the likelihood probability of 2, oceurring grven that 6, prevanls
5, =the ' stratogy, implying choiee of some ;mrticuls_»r aet if some

‘partieular experimental outeome oeCurs. sl
Bayes’ rule s an impoetant component of the conceptual framework. For the
~ purpose of illustration lof us use o simple two-state situation @, and 6 ,and

assume that we have a speeific prediction or trial recult indicating z, as shown in
Figure 3. '

- Figure 3. Visual reprosentation of probabilities with two states 6 and 6 . anda
specifie prediction 2, from a trial. Adapted from Anderson et al. (1977).

ib(gr)i | i e

Lssentinlly, Bayes' theorem allows us to revise probabilities based on new

information and to determine the probabihty that a particular effect was due to a
~ particular cause, From probability theory, conditionnl probability refars to the
probability of a particular event (4) given informaticn about the occurrence of

another event (B) and w defined by the joint probability of event (4) and (B)
“divided by the marginal pmlmbilitg( of (B). "Therefore we have:

oy Pz andg)
2 16)= ; )
Helb)=~y— @

¥

10



g0 that R ,
Mz omda)=Ma)-Maul8) @B

The same applies to the socond state, 8 4

Plz, and 0,) = Me,)- Pz, 16.). @
'The marginal probubihty of 2, 18 found by summing its joint probabilities for the

{wo states, , '
Nﬁ)'ﬂmmw&hlbxmd@) @n

and sinee by defimtion

gty Pz, and 6
m@%”xﬂﬁﬂLxl )

~ Plze)
we cqn see that -
: P6,)- Pz i 0
r6lz)= @)1z 14)

0Pl %0:)*"[’(9:)’17("& {a) o

This 18 the Bayes’ theorem for o two state example. But Bayes theorem oxpl?essedz
m more general forms s o , S
#8) P 16)

B2 R ER By :
| 150~ 5wy s 1)
The application of Bayes’ theorem to the revision of perceptions about an

innovation's profitability following a trial is illustrated here using a simple
example. This simple example demonstrates a method for estimating the value of

I, summarnsed in equation 30y as NPV, = l(f;:, -G 4) A,]'.

>

(30)

A farmer has one hectare of land on which wheat is normally grown, and is
considering switehing to chick peas. The farmer's objective is to maximise the
expected gross margin tof alled over the next two years, after which the land will be
gold, For ease of management, all of the hectare must be sown either to wheat or
chick peas. From experience, the farmer knows that expected gross margin from
wheat, £(G,), is $140/halyear and is unaffected by whether chick peas are grown
the previous year, 1t is known that in any given year, chick peas give a profit, G,
of $0, $125 or $250 per hectare, but the probability of these different outcomes are
“uncertain, The farmer judges that there are three possible probability
distributions for G, labelled as good, moderate and poor, as shown in Table 1,
with expected profits of $175, §126 and $76 per hectare, Although uncertain which
of these three distributions is the actual one, the farmer is able to subjectively
assign probabilities to the three possibilities, as shown n Table 1.

1




Table 1 The subjective pmlmbuht.ms of the gross margins of ¢ Lluck peas (Cp) and
the profit por hectaze T l(( p] D) for each distribution

(iros Trobability of the three | Meoan gross | “Prior” ‘wem!iwdf
margin possible gross marging | margin distribution |  mean |
distributions p((; ) : of Rross
Ny i NN distributions | margin
D, S0 | $125 | $260 | @, r(o) P(D).G. |
" (.;cl (;rz i th o] e s
| Good 0001 040 0.50 8175 O.J ~ $52.50
Maderate - 026 (.50 0.26 8125 06| $62.50
Poor V 60 o040) 030f  $76] 02 $1600
| xpvvwd "prmr mean umw margm L((':) | 8130.00

Note that |ho problem ineludes both risk and uncertainty, The farmer is uncertain
which of the three probability distributions actually applies to chick peas, and
whichever of the distmbutions apphies, the gross margin is risky in that the gross
margin may take any of the three values with particular probabilities, When the
risk and uncertaimty are combined. the expected value of the gross margin for chick
poas 1s $130/halyear, $10 per heetare loss than for wheut, as shown in Table 1.
Therefore, even though there 1s some chanee of ek peas heing more profitable
than wheat, the “hest het” option wonld be to grow wheat, This is referred to as
the farmer's “prior optinal act” as it 18 based on subjective probabilities “prior” to
“the collection of more iformation aboit chick peas. The way the farmer would
colleet more mformation would he to grow chick peas on a teia! anms,

Relating this problom to the notations given eatlier, the acts, (), are o grow
either whent or ehick pens: the states of nature, (6,), are the three possible profit

disteibutions, good, moderate and poor; the prior pmhnbulities Mo, ) ara 0.3, 0.5
and 0.2 the pcmmblv outeomes from a tral, (z,), ave $0, wr and $260/ha; the

likehhoods, I’(z,, 0, ) ure the probabilities of diffoerent gross margins for a given
distribution »o.g. the likelithoods for the “good” distribution are 0.1, 0.4 and 0.6;
and the utilities for ench state of nature, U/ (a ,[ 0,) , are the expected value of the
gross margmn of uhick peas for the three distributions- $176, $126 and $75/ha,

A notable feature of this example, which differs from standard text-hook examples

of decision theory, is that the likelihoods are built in to the definitions of the states,

The likelihoods for 4 state are from the probability tistribution which is the state,

~ 'This feature applies generally to the type of problem being mvmugmm in this
study - a decision on adoption of an innovation whers the decision is influenced by

an on-farm trinl of the innovation, In more realistic examples, the likelihoods )

- would be adjusted to account for the representativeness of the trial to the situation
in which the innovation would ultimately be used (p.g., after an lmpmvamunt in

the farmer's skill at applying the innovation), ‘

Now consider the expected value to the farmor from trinling chick peas this year,
Tn considermy the possibilities of a trial, the farmoer used his or her subjective
estimatos of the probabilities of different outcomes to asses the value of the trial,
lis the current yenr, we can already see that the expected value of growing chick
peas rather than wheat, is o Joss of $10, since the vx;mmd gross marging lhr whent
and chick peas are $140 andd $w0/lm. .
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The question is whether there is a suificient, chance that decision making will be
amproved by enough in the second year for it to be worth making this sacrifice in
the current year. Thus we need to calculate the dollar value of the information
generated in year one. This 18 illustrated yn Tables 2, 3 and 4. Table 2 shows the
subyective probabilities or hkelihoods) of observing any one of three trial ouicomes,

T« given any one of the three possilile distrid, ations, 1), These figures are the
same as the corrosponding columus of Table 1 but have been relabelled to
emphasise that they are potential outcomes from a trial. From these likelihoods
and the priors we ecan caleulate the joint probabilities: The probalnlities of each
combination of distmbution type and trial outcome:

1’([) and 7') P 1") (,, ;1)) For example, the probablhty of chick peas

~ having a good distribution and a tral outeome wuh A gross margm of $125 per
hoctare 15 04«03 = 012,

Table 2 “Likehihoods™ of nlmwv:ng any one of the trial outcomes or P( I),) and
the jmnt prol abilities of cach distmbution and trial outcome

(iross Likelthood of trial Joint probabilities of cach
L argin ouleomoes distrbution and each of the
distributions | I, trial outcomes
| foo e _ Mb,and7;)

D, [ S0 | 8126 | $250 | S0 $126 | $250
ATt L) 1 Loy Lo n 1
Good. 10000 040]  050] 0.080]  0.120] 0.150
Moderate 0267 0501 025} 0.1256 G250  0.125
Poor | 0501 =) 030f 0.100] 0.080) 0.020
Probability of trial outcom f’(?}) S ()‘255‘ 0.450 0295

We can now caleulate the prdbabilx‘ty of a partiralar distribution given a particular -
nutcome of the trial; 1’(1), {7 ) = 1’(/), and 1;)/ I’(l},) also called the "posterior”
distribution of the gross margin distnbutions (Table 3). For example the
~probability that the “good” distribution 1s the true distmbution given a trial
outcome with a gross margin of $125 per hoctare is 0127045 =027, As one would
expect, a high trial outcome increases Liw probability that the (instrnbutmn is
“good", und vice versa.

Table 3 The "posterio’r" probabilities of distributions given e\ach trial outcome

Gross margin distributions Posterior probabilities of each of
' ~ the distribution given each of
the trial oufcomes

C,
D, 2 $0 | 8125 -‘9250
R , P h o rn L h
| Good S B 0.12 027 051
Moderate 2 ' | 049}  055| 0.42 |
Poor 0 ‘ 0439 _018] 007
L‘x;wcmed posterior gross m.m;m F((: ) SIIL50| $129.50 | S147.00

13



In Table 3. the posterior probabilities have been used to calculate the revised
“expected profit of chick peas givmﬁ each of the three poasible trial outcomes:

HG)= A n) BG. | n)+P(D, In)x B{G. | D,)
= n{p )G D) @1

FFor example the expected profit or gross maegin from growing chick peas gw(nn a
trial outeome of a gross margin of $125 per hectare js (027%8$175)

+(027*8175) + (0585 x $125) 4 (D18 x $75) = $129.50
This shows that if the first trial outeome ig a gross margm of $125 then the
posterior ophimal act s to grow wheat the next year mstead of chick peas smce its
gross margm at $140 per heetare 12 $10.50 lugher than the posterior expected
- gross margin of chick peas. However if the trial resulted in a gross margin of $250 .
per hoctare, the hest strategy would he to grow chick peas since its posterior
experted profit is §7 per heetare larger than wheat. Therefore, the net gain in year
two from trialing given this outeome is 87 per hectare, The net gam from trmlmg
when the outcome of the trial was a gross margin of exther zero or $125 is zero-
sinee the prior optimal act was not m gmw chick peas, and the trial dova not altx«r
this,

In Table 4 we caleulaw the expected value of mformation in the second year froma
trial of chick pess i the current year, The improvement in expectod gross margin
nf each trial outcome 18 weighted by the probabibity of that outcome to give us an
expected valne, Table 4 1llustrates that the trial only generates benefits if it
results m a change in management. 1f either of the two lower trial outcomes were
to oceur, the optimal strategy would not change, g0 there would be no improvement
in profit resulting from the trial.

~Table 4. Caleulation of the Mpwtml value of the benefit from the trml

__Trial outcome gross margin
s0 $1256 | b250
| Expected gross margin of chick peas | $111.50 | $129.0 S147,00
| Expected gross margin of wheat | $140,00 | $140.00 | $140.00
| Prior optimal act ‘ Wheat | Wheat | Wheat
Pre-posterior optimal act Wheat | Wheat | Chick peas
Net gain in year two from trialing in year one | 80.00 | $0.00 | $7.00
Probabiiity of trial ovteome 0.255 1045 0.295
Weighted expected net gain from trailing | $0.00 | $0.00 | $2.06
{ BExpected value of benefits from the trial | $2.06 O

In this example, the expected benefits from improved decision making in the
vecond year (82,06) are not as great as the expected profit foregone in the first year
m ovdor to conduct the trial. Given the farmer's perceptions, the optimal strategy
is o grow wheat both years, lgnoring discounting, for simplicity, the expected
profit over two years would be ($140 x 2 = $280). If a trial of chick peas was
conducted the expected profit over two years would bo

$280 - Sl() + $2,06 = $272.06,

The value of the net benefits from trinling chick peas varies with assumptions
about tha expected profitability of the alternative enterprise and the farmer’s prior
- perceptions about chick peas. If we assume a greater degree of prior certainty
about the distribution, setting the probabilities to 0,05, 0.9 and 0,05, the expected
lmneh‘a of' trialing chick peas are alwnya leas than the cost mganiless of the trial
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outcome, This ndicates that when the farmer is hnghly certain about the
distribution of profits from the innovatizn, the trial is unlikely to be of any benefit
except for unproving his or her skills, On the other hand if we nasume that the
oxpectod gross margn for wheat is similar (o the prior expected gross margin of

~ chiek peag 1o, eloge Lo $130/ha then it is worth trialing chick peas because the
~expeeted value of et benefita from trialing outweighs the opportumty cost of
growing wheat.

This oxample with only two periods was used as a demonstration of Bayesian
decision analysi in the context of this study. We wall extend it in varies ways in-
lutum analyses in this project and report, the rmull,a in sulm»quem. pn[mra,

Risk Attltudes in the Adoption Model

The adoption decision process mmwﬂunlmm’l so (ar has only doalt with risk as i
relates to the pereerved probatnlity distribution of profit or gross margin, In thig
maodel the grower chooses from a portfolio of enterprises to maximize the expected
whole<arm profit. This objeetive of maximiging expeeted profit imphcitly assumes
a “risk-neutral” attitude on the part of the farmer, i‘m\munglh:wth(\ farmer 13
ulwmwomml with the dogree of risk or uncertamnty of an enterprise, only with the
mean of the probalnlty distmbution, Empancal evidence (Bond and Wonder 1980;
Bardsley and Harns 1987) indwates that individuals vary widely 1 their attitudes
1o risk with the most common being slght risk aversion, Deasions by an
ndividual about the optimal combination of actions or practices depend on the
mdividual’s perception of expeeted profit, perception of risk and attitude to risk.
Often there 12 a trzu.io»nl"l“lewmm profit and risk,

To arcount for rmk»avurqcx preferences, 4 Bernoullian, rank nrdﬂrmg gystem,
referred to as the expected utibty eriterion, 15 used to capture decision makers’
- subjeetive psychological values of the probability distributions of outcomes (Smidts
1993), The expected utility enterion is denoted by £ [ (x)] where F(x) is the
transformation function of outcomes x into subjective values or utilities. The
transformation function F'(x}, used by Bernoulli, was a logarithmic function
implying diminishing margimal utiity  {n oninciple, a rational decision maker
wirtld choose the option giving the highest expected utility.

The degree curvature of the utility function re'lects the degree of risk aversion,
This 18 reflected in the Arvow-Pratt coeflicient of absolute risk iversion which is

&3

: : v . \
calculated as R, = W U where W is wealth (Hey 1979).

: Summw that a nsk-averse farmer is oﬂemd an exchange in which the risky return
for one of his or her investments can be exchanged for a known, fixed sum of
money. A risk averse farmer would choose to swap a distribution of profits for a
certain or non-random profit of the size of the expected value of the distribution,
The sum of money at which the farmer is indifferent between the two options is
called the certainty equivalent. For a risk averse decision maker, the certairty
equivalent of n risky prospect is always less than ita expected profit. The difference
between the two is called the “risk premium”. By adding risk attitude and utility,
the adoption model can be improved to capture another level of sophistication

“ where the farmer maximises expoeted utility of profit, E(U(ID)), rather ihan the
exmcmd profit, E(TT).
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The inclusion of risk atistudes m the dynamic adoption model that involves skill
development and experimentation is. in principle, straight forward. Instead of
assuming that the farmer maximisos £{MP}’) we now have a model where the

farmer maximises E(U[NMPF]). Within this modified adoption model that

corporates personad risk attitudes, the value of information from skill
development, /., and the value of information from experimentation and trialing,

I, . affeet the dstribution of NPF which is used to caleulate E(U[NPY]). From
here we can proceed (o golve this adoption model to find the optimal area of chick
peas if the farmer chose (o trial in the fiest yeur, A7, and the optimum areaof

chick peas. mcludisg short-term returns and information value, evaluated using
CE(UINPY]) as the objective, rather than £(NPF).

Demographic and Social Factors

As noted earlior, there is an abundance of adoption literature which have dentified
many {acwrs that may influence the adoption process. The framework presented
here has emphasised the farmer's personal subjective perceptions of the
novation’s profitability and riskiness, the farmer’s uncertainty about the
Amnovation and the farmer’s atlitude to visk and encertamty, In this section, the
way that varwous other factors fit 1nto the framework is describad. These factors all
wfluence the adoption decision by ifluencing the farmuw subjective perceptions,
uncertanty and/or attitudes, ,

Avalabihty of labour 1s hikely to influence the gross margin of chick peas, G,

~ through its effect on the vield of the crop. Additional working family members or
trusted employees provide the opportumity for the farm to develop the technical
know-how required to trial a small area of a new crop, The noed for extra care and
patience at times of peak [abour demand when trialing a new crop highlight the
importance of the availainly of skilled and committed labour. ‘Therefore a farm
with larger number of workers per hectare is more likely to be in 2 position to trial
and continue growing a potentially profitable mnovation.

Equity, as a measure of wealth, 1s likely to be a positive :nfluence on the initial
trial area of a new crop as this wealth allows the farmer to invest a relatively
smaller proportion of their wealth to venture into an uncertain enterprise. The
impact of this factor may be partly through its relaxation of financial constraints,
ng well as through decre mmg nsk aversion wu;h mureaamg wealth (Andetson et al,
1977). ‘ , ~

~Age and experience uf the 1m'mm* as indicated by the number of years that the
farmer has been farming in the region is likely to hpve a range of influences on
adoption. The farmer’s previous experience with other innovations may have been
either positive or negative, and this will likely influence his or her perception of
(.. Age may influence risk aversion, with the traditional view being that older -
farmers are wore risk averse. 1f true, this would mitigate againat adoption.
Experience will improve the farmer’s skill at crop production. Again this has
positive and negative possibilities. Higher skill increases the opporiunity cost of
not growing the traditional crop. On the other hand it may enhance the
profitability of the innovation. Finally, a more experienced grower may have a
lower level of uncertainty ubout the new crop’s performance. In th's case, the

~value of information due to reductions in uncertainty would be lower.
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Farmer’s personal discount. rate and time pmfewnm1 18 Ilkaly to influence adoption.
‘The higher the discount rate or preference for shorter investment horizons the less
likely the farmer 1s {o invest in the imtial trial years for a new crop in order to
develop the skills required for growing the crop and identify its long term
profitabihity. This factor is hkely to influence Iy, an to be influenced by the

farmer’s age and financial situation,

Experience with innovations of similar types will most hkely influence adoption in
a positive sense. Experience with other gramn legumes will improve the technical
“and management skill of the individual farmer. This factor will probably influence
the mitial mize and the rate of skill development through trialing. It will also mean
that adoption decisions hased on trial iformation may have a higher chance of

correct interpretation. Thus factor 18 most hkely to reduce 7, and increage Ge.

Farmers are sometimes categonsed as being "mnovative” or “conservative” in their
approach to management. What hes behind these descriptions is not, clear, but it is
reflected m observations that different farmers require a greater or lesser number
of uhservations of success by other farmers before trialing an innevation, This may
be due to differences i any or all of the other factors discussed here. For whatever
reason, 1t 1s hkely that someone who s slower to trial values I and 7, lower than
sumeane who rushes m or generally has lower perceptions of the profitability of
novations in general. 1t could also be that some farmers may put a social status
value to bemg seen to be imnovative. ,

The number of years taken for the farmer to hear of the new crop is likely to be
negatvely correlated with adoption. This suggests a lack of interest on the part, of
the farmer and hence 1s Iikely to mnuem,o the value of inforsation for learning,
1. ~

; I)mmm*e to the nearest adopter of the imnovation and the frequency of contact that
the farmer maintains with them 1s likely to negatively influence adoption of the
mnovation. The closer they are to the nearest adopter and the higher the
frequency of contact with them, the more likely 1t is that the farmer will receive

- valuable information about growing the erop, improve therr skill and reduce their

ungertamty almut the vmp Therefore the impact of this variable is through its

effecton ., 1 and I,

Acmsa to sources of wchmrzal knowledge and information such as extension officers
- and industry related media is hkely to improve the profitability of the initial trial
area through its impact on the farmer’s knowiedge. The farmer is also likely to
have more expectations of the distribution of the profitability of the crop. This will
in turn reduce the number of years required before full adoption takes place.

Again the impact of this factor 18 through its impact on G, / p and /.

"The number of positive and negative attnbuws that the farmer nsaocmws with
Krowing a new legume crop like chick peas will directly influence adoption. This
factor is the reflection of the perceptions they hold about the crop and hence will

influence the values of Ge, I sand 7,
Interactions between the various enterprises are captured in the gross margin of
ench enterprise. Examples include nitrogen fixation by the grain legume or
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pasture phase m a rotation and the hreak in disease cycle of the various phases of
i rotation

Conclusion

In ths paper we developed a conceptual framewaork of adoption of an ngrimlmml
mnovation that mcludes the dynamie nature of adoption decimons and accounts for
learnmg by dong, personal perceptions of riskiness of the innovation, individual's
attitude toward risk and socio- <lemographic factors. Inclusion of such factors in our
voneceptual framework of adoption overcomes the eommon shortcomings of previous
adopiion studhes, The conceptual framework 1s heing used to develop a
Tongitudinal suevey of around 130 farmoers i the wheatbelt of Western Australa
which will provide the mformation necessary for huwlding a dynamic model of
adoption of gram legumes under uocerimnty. The surveys dre personal mterviews
conducted from 1994 to 1997 and they will provide a unique opportunity to gather
emprirical evidence for this model and vahdate i, W&* will deseribe the results of
the survey in subseguent papers. : :
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Appendix A, A (nlnssnrv of the varinble names used in this paper and their

description
; Vnrmblo , l)m,rmtmn of the varible nnma
I Ge T Giross Margin of chickpen crop
G, | Gross margin of the alternative enterprise
A Total arable area of the sols of a farm suitablo for chick peas
4 Aren of chick peas ‘
| 4, | Arca of the alternative entorprise
I Net profit |
(+. Mean gross margin of chick poas over the ares pmnwd
(, ] ' Mean gross margi m‘ the nltasrmu.we enterprise over the aren
plauwd ;
1: | Optimal area of chick peas i season ¢ 1f the farmer trialed the
crop m the first yoar :
AT 1 Optimal avea of chiek peas in senson 11 the f‘nrmw xhd not trial
the crop ux the first yoar
Gor Gross margin of chick peasf the farmer wses A7 as the planting
rule. ’
Go | Gross margin of chick peas if the farmor uses A7 nsthe planting
| rule,
! Time n ymrly mcnmwnls
- n Number of years m the farmer's planmng hnrmm
11 ¢ Value of information from trmlmg for gkill development
1y  Value of mf‘ummuon from tnahing for decision mnkmg
Ay | ("lmnga i the aren of chick peas as result of the trial in year one
o 2;“" Vanance of gross margin of chick peasf ttmled in year one
‘: : s ‘ | Variance of gross margin of chick peas if trinled n year one
- ANPK, Net present value of the pmhm ‘mm yeur 2 to year n
2 | Expected value
R

Utihity




	00000345
	00000346
	00000347
	00000348
	00000349
	00000350
	00000351
	00000352
	00000353
	00000354
	00000355
	00000356
	00000357
	00000358
	00000359
	00000360
	00000361
	00000362
	00000363
	00000364

