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Introducti()n 

At CLIMA (Centre for Legumes in Mediterranean Agriculture) conaiderable 
resources are being invested in breeding, testing and economic assesetn~rtt of 
new species ofgrain legumes for Australian growers. A ctttcial element in the 
success of this effort is adoption of the resulting crops by grower$, which is 
strongly il1fluenced by growers' perceptions ofthe tiskineas of the crop •• EXisting 
grain legumes are seen by farmers as being more risky than other available 
enterprises such as wheat and sheep, M11ny farmers state that this riskiness 
constrains their adoption of the crops, especially field pe11s. How.:wer thete is 
currently little information anywhere in the world on wh~t. influences the 
perceived riskiness of a crop or on the inipa~t, of•perceived riskiness o~ aciqption 
of a new enterprise. In addition, there is little information on how important 
risk is to Western Australian growers' .adoption dedsions in genetal. 

The aim of this project is to investigate. in detail the lldpption process for gt~n 
legumes such as chick peas, faba beans and lentils, with emphasis on the tole. of 
risk. In particular the projects aims are to identif.y: 

How risky are particular grain legumes ·perceived to be? 

·How do these perceptions change over thne with new information .or 
experience? 

How do risk perceptions affect adoption behllviour? 

How c~ perceptions be influenced so that fanners do not. t1nt14!C~f3~arily 
reject b~neficia.l grain leglililes? 

How can fartn.ers IllP.nage :grain legumes, to re({tJ,¢e risk? 

In this·•Ba.per· w,e· ~e~o~t PJ1S.·•stti~ythat inv~~~i~t~· P~l:!:~~p~•.·Qf~~~. r9~·~ .. PffiQ' 
in· .. adqption, .... nllJIJ~ly.tht!···ra~e •... ~t .'j~c~ ,q~c;~rt~l'l.ty l!bg~ttb~,~~.l~.·.···~ist~~~~~io4·~f 
a crPP isredqc~·follo\\i~·t~~f8.trJ;l~r~s·~~~~~~.~····~t~1~f . Yf~;;~lf:~~,·~t~~~t\th,~ 
r~s\llts ...• of·a ·•1995 ··s1JrV~Y ·()ff~~ts·whic~ .•. t}l.iclt~ ... ·p~qij~,~.»~l':·~.~~~trib~~iqq'•()f• 
cl1.ickp~ayi~lds:~d·:fat;IJl~rsr .. pf!~c~pti~ll..9f:ti!~IPA~~~;:()f;~aj.n;.:l~m~·crQp~"'''"'··· 
theu,. des~p~ a B~l"e~i~~mt>Qe.l.of:prp1J~l1il~tj,~si()p~·~li•~J1~r!tll.·~·'f3~·,~~~ 
Minputs. This. model wasu~ as a·bA8i~.:(ot .. IJ..Ifi.iiiqlitlon"mPd~l'\tll•t·Wq:·~~ 



to investigate the rate ofreductiort. in unc~rtainty as a function of initiru ('priors!') 
perceptions and the objec.tively trtte distribution~ 

Backgrolllld ()U 'LeguJnes 

World grain trade of 6.4 million tonnes in 1991 was about 11 perc~nt of world 
production of grain legumes. Australia's share of the trade market in 19.91 was 
only about 11 percent <ABARE, :1993). 
TheFAO (lrood nndAgriculture Organisation) forecasts an annualgrowthrate.of 
six percent for feed market and three percent for the human consumptiortmarket 
for grain legumes. Australian grain legume industry expanded. rapidly during 
the 1980s and 1990s. Total production ofgta,ih legutnes in AQstralia has :risen by 
220 percent since 1986. ABARE estimnted ·that Australia .produced 1,265 kHo
tonnes ofgrain legumes in the 1994-5 season. Australia'$ grain legume 
production consists .mainly of lupins (67 percent), field peas (18 percent) a.nd 
chick peas (six percent), Other grain legume .crops produc{!{j in Australiaincluc:ie 
fabn beans, cow peas, lentils, mung beans, navy beans and.albua (Kiev) lupirts. 
Western Australia, where 90 percent of Australia's lupins were grown in the 
1994;.5 season, produces only 11 percent of Australia's chick ·pea crop and 15 
percent of the faba beo.n crop (ABARE 1994). Western Australia produces less 
than one percent of all other grain legume crops .. Therefore, crops like lentils 
and albus lupins are newto most \Vest Australian farmers. 

Lupin production h~ had one of the highest growth rates in the grain legumes 
industry and the lowest year to year variation in yield. Irutia.lly lupins were not 
well suited to the existing farming systems, particularly in the northern 
sandplains.ofWestern Australia, but. a farming system·wassuccessfully 
develope<:i around it (Wood et al. 1994). There is some evidence, from tt.projectirt 
Western Australia that the high rate of adoption in WA. can be directly linked to 
extension activities of the public ~d private sectors (Marsh et al •• 1996). 

South Australia and Victoria are the major areas of field pea proc::htction. There 
is presently little growth in field pea productionJn any region of Australia. 
Chick pea production in Australia has incre.aaed aignificantly since 1983 
particularly in Victoria .even though crop ~elds have varied ·significantly from 
year to year. Faba bean production haa grown irt .New South Wales• Victoria and 
South Australia. with least yield variability in .N ew·South Whles and roost 
variQ.bility· in Victoria. Other minor grain legumes such.:a~rmung beans and navy 
beans have traditionally been considered to be more risky than other· grain 
legumes. Their production has been concentrated inN.ew South Wales and 
Queensland (Hnsaall and Associates, 1991). 

lUs~ Unc~"ain~y and Adoption 
Typically, there is .8. consider~~le titne.}agf~om the p()iht '\\'he~ .a .deci~i~p;:I11f11t~t 
learna of the existence of:a.n .innov.~tiqn unt.il:th~y Aciopt it {~i[lcin~r ~t·ql~, 1979 
~nd $@a ~tal.,.l991). Decisions·to·adQpt al\e\\"<cr:op .• ~~~ie~fli"~:~ft.s~oh 
probability.·distributions.·of'itsyielcland.profitability,··~~the·.P~pba~il~~}' 
distributions whichma~ter ~e subj~tiv.e; qJhe.Y lit~ b~sed..on.~f~erta pest 
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guess or huncht which may or may not be con~ect. The adoption process cap be 
hrok~n down into several discrete stl)geij; 
(a) Tho discovery stage~ tho period Up until thg farmer becomes flW~r~ or the 

tnnovation, or nt least of its potential relevance to their farm,. 
(b) Non-.trlal evaluation phase: the period whenitheflir.met collects mote 

information on the innovation before making a decision>ottwhetherto tnialn. 
{c) Trial ev nl U!ltion phaae: ,the period~when thfl· farmer Qndertaltes n. trial :Us~~ 

of the crop by experin1enting with tho'orop on their own farm. A. prhnllJ:Y airn 
in this phase js to collect huormution nbout the petformnnce of the crop. ThitJ 
phase was studied by Leathers and Sm~le (1991) wh() developed: a Ba.ye&iijf1 
behnviournl ·model which explained sequenthd adoption as a consequence of a 
rational learning behn~iout by.ndoptingfarrners. This paper is,mninly 
concerned with this phase of tho adoption cycle, 

(d) Full adoption phase: the period whon the f~er uses the innovation 
primarily because of its perceived direct; benefits. 

(e) Disa,doption. phase: th,e period when the crop is superseded tmd its UsE) is 
reduced over time. eventually to zero. 

Wood et al. (1994) identified production risk as one factor which has a negatiy~ 
influence on fa.rn1ers' decisions to udopt crops like chick peas. A survey oCNew 
South Wales farmers found that one quarter ofta.rmera surveyed believed chick 
pens had a high chance of failure and were unlikely toprofitnbly .fit into their 
farming aystem. Such attitude& towards new crops are also lilcely to exiat in 
fattneta from other sta.tes as well (Vanc~ly and Lockie, 1994), Snhf.l et al. (;199<1) 
showed that p~rception of riskiness of ~n innovation influenced the d¢gtee 'Ofits 
adqptlon. Ft~rrn~te vacy in their attitud~s toward risk and in their perception of 
riskiness ofvarious enterprises (Anderson et al. 1979, Feder ,1980, J{ingweU 
1994). Feder ( lfl80) showed that the optimal allocation ofJand for new crop& 
declines with higher degrees of risk aversion. 

In this paper we make a distinction between risk and uncertainty. We.define 
risk ns environnlental or economic varillhili.t.y.. If'the farmer lthew the probo.bility 
cUsttibutions of yield for each crop they would be maldng f.l.Pt.lr~lY risltf'decisi()n, 
On tha other hnnd uncertainty is d.Qe to the ignorance of thef~Wlllet"a~ Th~y do 
not know the probability distribution$ e~actly. In this caseo.tialtyvt1rillble auch 
nsyield of a crop has·l.lprobabilltydiRtr)bution~ ·lew~ ·f\Sk:· afarmetfot th~ 
Pt7~bability distribution of yield for a new crop, the answ~t th('ygive \Viii includa 
both riak and uncert(l\nty. Therefor~j, u farmer w}lo ha.s. h.~d more>exp~d~nce 
with crop A. th~n B ~ay r~port n larger vatillt)cc·ofyieJd ofB ev~rt .tht>tig-h in, 
reality, th(!y tnf,l)' both haveth~ samelpvel of·d~{t(F~er, 19~QJ, 

A~~~i~a 1l~tl·~aid1J~Foraon. (I995)•fqund th~t ·farm~~atp~~cepti~~~ of t<:~bnol~gy 
characteristics aignjficL\tltly ·a.tf~t their a~optiol):decie1o~s ... ·['fi~~ ·Pointe~ ~ :~ 
clear; .lack of: studies thl\t h~ve. "sed a<B~ye~iJJ.n. :fr.amewpr~:'tq ·mgc\~l the i~flu..ence 
t>f ·farmer!~' $tibj~ctive·.,l1s~essll1ent ·ot·th~ .. ·.tec~nqlog:y.·.·.cl.l.~.~~te~i•~·~.ip!J· .. o~ ... ;tbeir 
11doption d~J~i~na. .Linane~ ~t'ql, .. (197S) tb:u~d .th~~.·~ll~ 4dqptipq, ~iiJl~ ~~:iUr~ty 
t~l~~ed tof~rmer!J\.~.fJ.sirnisJD.n.bout ;~~ltltiv.e ~r~fi~a1lilU~ .off1I1,it·ulov~~i~ij,Jl}(f:l•a 
grain legumt! ~J1d ,also direq~ly related :tQ·.thel,r ~PntWr:vti~tsm. or/th~ ~~~~~·(If· 
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conviction with which they hold. this· .initial e.l'P~tlltion. l?eret;~ption pfriekihe~& 
ofncrop .. relntes.tp thevari~nceotrtheperrqeivedprob~hilitydistri~Qti()!ltifyield~ 
But attit\.lde tor.isltrel.ates to whether thedecision.·maker·cares aboutthesizeof 
the variance or only the tnenn of the distribution. . 

The adoption process involves n reduction. in uncertainty ovf~r time as the farn'ler 
gains more inforn1ation about the crop~ 'l'he level of risk .may change little or npt 
at nil depending on whether the techniqal efficiency ofthe farmer can be 
improved t.hrough learning, r.,eder and Slade (1984) point to several studies 
which have 1nodellcd innovation diffusion us a Bayesian learning process, wh~re 
ench.period~a experience is used to update initial beliefs about thacharacted$tics 
of the new technology~ Some ofthese stttdi~a indic11te that indivi.duul fntrners,are 
willing to bear the cost of obt11ining S\tch information directly. In the ca.se of 
Western Australian farrners considering udoption of new grnin legume ctt>ps they 
may consider the value of information generated by triaUng n new crop on their 
own fnrtn to be worthwhile. 

A farmer's initial perception Qf the yield distribution of u new <;:rop may range 
unywhere from. opthuistic to pessitniatic depentling on how lnfottrted they are. 
i'hese perceptions nu1y or may not be correct ·when judged against the actunl 
yield distributlon of a crop (Sll1ith and .Mnndac, 1995) but they are r[ltional 
(Lindner, 1986). From a13nyesinn framework perspective a farmer who enters 
the trial phase with a certain perceived yield distribtttion. of a crop carries out the 
tt:ials on their own farm ln order to hone in on or narrow the gnp between their 
p(!rception and the ctopts true or objective distribution of yield. 

lt i~ hypothesised in this study that the furthe.r a farmer's perc~ptions (iQviate 
from the truth, the longer the tdul phase will take before they f!re Within an 
a(!ceptable range of the true distribution ofthe crop yield. We hypothesis tha.t 
this mechanism. will operate in both directions. When a farmer conaidetit1g a 
crop th~t has a yield distr.ibution in the low yield rf.lngp :maybe optimit;titror in 
other words perceive the crqp to have ~yield distrib':ltionin hig~eryiel~ ra~ge 
anci vian versa. This. hypothesis hl)s itr1port~nt ~amifications,for the n.:Jo,p~io~ 
And diffusion ofinoovations lilte new grain legumes~ .B¢ing nhle to lis~;Ji$~ farnt.~t.s 
in forming a re11listic perception oft he perfotmll.nce of u. ctQJl on the it f.aJitt will 
reduce the time and cost$ if1. the tri~lpha~, r~uce the time toqptimal ~doption 
and speed up the rate of diffusion of grain legumes. 

Sti.rYt!Y 
A survey Qf 120 f&tmers ill. the c~ntral, ea,atertl anti 11<>t:th(!rn whe~toelt pf 
We$.tet:n AuatraJi~ w~a conductt)d between.Febf\l~ry ~pd.!Mr¢chl.995~ Th~~ 
fattnets·.·were.· .. sel~cted ..•. at ·ranc1onl. .• from.~.a··.J118ilingi•li·e;t. •9t''''O?·:thf3 .. _Pt1l[ff!t'•.·~·ewal~ttet-, 
the .. -~fficit\l•j()litnal·~f ~he~rain. ~gume,AsS®llltion. :pf,J\ufJtr~ill~ ·r,rQ.t~~~·~he 
i~pa<;t .Qf-this·.··~el®ti()n bi11s in· oQr&alll~le w~jal~~hoSQ t\t ·~(lndq~.a;gt-()qp ·of 
f~mers. ~vb·o .. d~li~erQd• -whe.at·to.·tll~···.Aua~~l1li!n •. ·.\Yh~~t····~Q·~tq' .. ····~'·.·\-VI)itt·~-~·
qyesti<>nntlire w1.1a fiU9q ogt, it) a .st("pctureq .Jnterview and c()tu;i~tij{Jj:,f .qqe~tioq.s 
on the folloWing gefif)tf.ll tppics: · · 



• .. 

Ag~, e~perience• family/business structuiie lln~, prosp~t$in;fnrming; 
lParm :re~ources:, cropping and t1o¢k hi~ tory 'and .pa~turc;J qqality; 
Attitqde towards risk, use of insurunce, thne and discount r!lte 
preferences; 
Agronomic nnd n1atketing knowledge nnd experience with grain 1~gumef5; 
Current a.nd previous u<loption history and ,pattern; 
Perception, oCthe riskit1ess of.legun1e crops ttnd subjective yield and ptit:e 
distributions; 
I>ercoption of the 1nterl.lctlons of legume crops with other enterprises. and 
covurinnce relationships; 
Factors uffecting ndoption.ofgrain legutnes, includingusoofinformation. 

During the interview we elicited tha flirmar's,Subjactive Estimate otYiel<l (SEY) 
for wheat, chi<!kpeas and lupin$ .. T:his data was uaed as inputs (o~ the 
simulation tnodel described below. \Ve l1Sed tl modified, version oftbe Vi§ulll 
impact n1ethod referred to in Anderson et (ll~ (1975) ns a practical W~y of ql iciting 
the fnrmers SEYs. '!,he f~rmer was first aaked to consider a paddock on thQir 
farm that would be suitable for chick pens but which had not. previously grown it. 
They were then asked to describe the soH type, history and the arnble ~rea of; this 
paddock. Ne"t, we asked the fanner for their perception of the long tertn aver1.1ge 
yield of wheat, chick peas and. lupins on that paddock, They were.:ns}t$"1, to think 
about planting the crop in 1996. The question wasfra.'r\ed, in the cont~~t ofthe 
1996 season because they had no idea then (pre seeding in 1995) wha~tb~ 
weather woy.ld be like in 1996 as it was then two· sf)a$Otls ~w~y •(lnq this 
prevented the farmer from giving conditional .probnbiHties.aa innuen¢~d by the 
1994 $euson. The farmer w&s then ~skod to estim~te the hlgh~s~ ahd the low~st 
possible yield for the crop in question in 1996 on the nominat~d ·Pl1ddoqk. This 
range was used to construct the interval&ofadiscreteyield (Jistribu~ion. Tbe 
farmer was asked to distribute twenty counters between aav~ll squ~res 
representing the range of yields toindicatetheit perceivec:i probability 
distri.bu tion. 

StirV~Y Results 
T~ble one shows a sa.It1ple of: three eti~ited yielcl di$trihutionafor chick pet1s~ Tht:! 
resultsin Tabl~ l highlight the wide diversity that (!"~$t~ ~":'qn~t fartllets itt · 
their perception of the yield <list~ibutit>n for chick Pel.l~. Su)>jective yield 
distribution& similar to· these were us~ in the simulation model as inputs~ 

Tabh~ l~SubjectiY~yielddistribution for chick, peas. 
4bove 

,aver&ge· 
·Good. Y~ty .. 

:goOd'· .. 
1 Y'ieta 

Probability 
o.i 
0.41 

0.2, 
(>.2 

o~a··· 

0.1 
()".4· 
o~t 

p;47' 
0~'1 

0~68 · · ·p~a· 
tho5 · .. .o~o5 

2 Yield · 
:Pr6bahillt:y 

Yi~ld 
,probabHitt 

o.a 
0 .. 1 
o;5 

'0~()5 

0~53 
o.t5 
. 0~6't 

<l:1 

0.77 
. 0~25 
oJaa 
0~25: 

1.0 
"0.25 
to· 

.0~.25:. 

'1~~1.~ ' 
'0~15 
~J.';l) 
:6:2' 

J.;.27· ~-~~: " . 
'0.05~ .. 0~05: 
2~(). . 2~~::· 
''.0~'1. . ;(}~(}5: •.. 



The farmer ,wa& a}$o~·~lc.ed· to •. r~t~ the rel~tive•ti~kine~s ~f·.~hick·peas.its 
compared to wheat ·~n that pautl~~k. ~rlle''tnean.oft~.;l·re~J>Ons~s· sho~n ln Table 
2indicate thntfa.mn~rs ~rc~ive cbic}t·pens to he· 51. percent more ri~~Y in yi(jld 
and 44 percent .more t~s]ty ln profit conlpttred, to whel\t. This wa~ ~~ re$p~h~e~tq 
tb~ question; HJf the risks associnted with growing a whea.t crop on thi$ pa,d(i®k 
cnn be shownby t;he l~ngt;h ofllUne draw~ on the page, couldyoudraw.·alirtethe 
length of which vepr6lsents bow risky ~oq think. chick. peaa are~!" Although the 
farmers' responses to this quest;ion is unclear, reaults clearly lndicate that 
farmers consider chick peas to be more ''risky". 

Table 2. Subjecthre esMmates of riskiness ofyield and profit of chick peas 
corn pared to wheat. 

Riskiness of yield 
(reh\ ti ve to wheat) 

151% 

Rh;kin~sa of profit 
(relative tp. wheat) 

.144% 

The farmers: expectation of long tenn uverage yields nflegutne crops is shown in 
'rable a. It is shown that, in general, far.mers believe that faba beans wUl out
yield the other l~gumes. HOwever a 42 percent coefficient of' variation (c.v.).for 
faba beans shows that there is also a wide range of f~sponses about the.yield.of 
this crop. A handful.of fartners e,cpect the long terrn aver~ge yield offaba be~ne 
to be as low as· 0.1 t/!1a and some think. that they can yield &a high as 2 Vhll· On 
the other hand the mean subjective ltield for field peas is 0.87 t/ha but the c~v. of 
subjective yields amongst farn1era is 9 perce.nt less tha.n for fllba beans. "!'hi$ 
co\lld reflect the fact that since field peas have been around for longer, m.otQ 
farmers are likely to have either grown them or seen others grow them over the 
ye~rs. 

Table 3. Perception of expected long term average yield of legume crops 

Legurne crop Field Chick Faba Lentil A-lbus 
pea p~a bean lupirts 

Expected yield. {tlha) 0.87 0.76 0.92 0.56 o~s7 
c.v. (%) (33%) (31%) (42%) (38%) (32%) 

DaY'!slan Fr.-~wot,k for the. Slill1ll•tlt.tn ;!\foCI., I 
The aurveyed·farrn~r:s were· asked to·:givtrth~it ·Per,?~Ption·of'the· :J3rob~bili'ty 
distribution for. chick peas ... Tbeseelicit.ed.dis,.tdl>ut~on~~f3re:.used llS'the~startipg 
point for a simulation model ofchangingyi~lti ,perc~ptions ·over:· time. 

It was···h)1Jotb.e.E~i.~.~··th.at•·the··.eUclted·.<ii~tr.ibtitiop~ .. incitta~.·.b~~h·ri$k•·f1~d 
uncet±~lnt~ •. There f;lre:·mllny pQssibl~~prqb~bility (iistrib9t~~ns whic~ ~might ))~ 
the troe' distribtttio~, ·~pr·· chic~ :Pe~s ... 1Jbe·f~ct t}l~t'~~e~.~. po~ert~i~ll! 7rne 
~istri~uti~~~:have··~~ial'lce$ .gt;ellte~ t~ll~ ~~~o>tefl~t~·t~~irti~ltll)!sa •. ')J~~,:fll.~ 
that.··the·.·.f~rmf!t'·q~s··not.knQw··which,·or·.t~~.·PP~.s!~.l~!lii.stril.l~'t~q~lt,··:i~.•·tNe::r~ll~iJ 
uil.c~t:tait)t! •. I~ is :(\s~uq1ed that~ the."'~PCt3ti~it1~:Y' <:~rr~~ .repr~~rj~:.·~~ ·~. 
s1.lbj~ti'VE.!iprobatiilltytbatanyof'the,ri$1,ty{<fi!it~ib1.ltions:'l,.,,,th~tnie:Cij~tril?iltioJ1 . . 



.. 

'l~hroughout the etutiy, .discrete disttlbutiona b~aed on aeven·yi~lde at~ \1$~. 
Thirty ~laky distributions ~ere t;pecifled to r~pr~sent the fl!ll ~ange· ~fpoeaibl~· 
distributions (Figure l an.d Table 4). 'J'hr~different uncf3rtain di~ti~ibu.tions 
were ~pacified llcross the 30 risk. distributiol1a~ ~rhea~ .tepreaent low, medh1m, 
and high i nitiall'ield perception& (l~Jgurg 2). 

T bl 4 lt k a ~ t tS ypro e • ld ed · th b bTt d' t .b t' a 11~y tS.tt u lOr:\S (} 'YlQ us rn l f ~·aimu a·totlr'rl odl e ~' 
Risky OA5 0.3() OA5 0;60 0~87 L13 1AO MeEin st~oq~r~: 
distributions deviation. 

1 0 • .{145 Q.345 Q,24~ 0.034 0•014 Q.Ot4· Q,QQ7 0~~2.1 ':0~19~ 
2 0.209 0.307 0 .. 279 ().1~ p.ooa 0~{)08 0.004 0.382 0:185 
3 Q.1~Q o.2ao 0,347 0,230 o~oro Q.010 O~Q05 0•420 Otla3 
4 0.154 o~~46 0.301 0.256 Q,0$4 o.pQ6 O.QO~ 0~!43P O~HM~ 

-----..5 0;095 o~n~o 0,3p~ 0,299 o:o63 Q;007 O,QQ4 ·0·414 o~t~P 
.6 0.181 0.231 0.241 0.216 0~052 Q,052, Q.Q26 0~476 P;175 
7 0)227 0.2g1 0.217 0.16$ 0;066 o.Q66 0~033 Q.476· 0!21!8 
8 0.152 Q.t95 Q.geo ().254 Oi07~ OiQ'\4 Q.Q2~ O.f95 0.274 
9 0.144 0.2.01 0.268 0;24.1 o~osa 0;058 o;029 0;505 0:231 
10 O.lt9 0.166 0,284 0.2.77 0.080 Q;048 Q.024 Pi520· 0;~89 
11 0.076 0.143 0:,281 0.351 0.096 o.os<1 0.003 Q,535 Oi272 
12 0.015 0.132 0.333 0;4'17 o~oaa OJ)fO o~oos 0,536 ();31;.7 
13 0.105 O.l46 0.249 o;~H2 O,OQ7 p;Q70 0.021 P•552 0,275 
14 o.oa& 0.142 0~2~ 0.329 0.094 {) .• 0!57 01029 Qlpf)B 0;2l5 
15 o.lo74 0.121 0.2~5 O~!if$1 o.t1iJ Q;081 0.025 0;589 0,2·79 
16 0 •. 011 (}.098 o .. 24f3 0.~53 0.123 0.0&5 o.o04 Q.!i99 {).2~ 

17 0~091 0.091 o;goo CMJ48 oA~9 o.too 0:030 0,6lfJ. :Q;298 
18 0.068 o.112 0.~09 1.).335 0.134 (),tQ4 .0:037' 0~626 ·o.22s 
19 0.083 o~o~ 0.1:$2 ()~317 0 • .163 0.127 0.046 0;658 0,302 
20 0.009 0\085 Q;21!i 0~396 0~158 Q,fQB . ()~028 0.660 ·o~2es 
21 0.017 0~017 ();29() 0~472 0~189 0.10Q (};00() P.9a~ :0:319 
22 0.103 0~103 Q.138 0.283 Q,J58 o.tsa 0~057. ;Q;(;1'!J 0;3~6 

23 O,Q.79 0~079 Q,173 Q,3Q1 Q.154 0.154 0.060 .0;68.7 Q;~47. 

24 0.119 OAt9 Q.159 0{t99 04t31 O.l82 :0.~~1 0~692 Qj272 
25 0~097 0.097 0.129 Q,26p O.t48 Q,190 0;974 ()~~Q8 0.363 1 

26 0.014 Q,Q14 Q,t64 (J:tJ86 Qi227 Q . .J55 0;041 ().14.\1 0;387 
27 0~012 0,012 Q,t~8 0.348 (})205' ~l2QS 0~070 {,);'788 0.298 
28 o:o2a 0;023 O.Q30 0.341. Oi258 0;258 O~Q~ . . (};839 Oi292 
29 0;(}.1~ Q,Q19' Q,026 0*288 Q;218 .0;321 0~1.09. ()';~98 :0:306 

ao 0,036 0,0~6 0;048 o.oao 0;2t:t1 0;405 0,202 ·tOQ1 '0~333 

ln (lny Particular run oft he shn\llation model, . one of the aa rl~ltY cli~~rib~tj?l)~ 
was sp~ified as b~ing the true distribution- U~ndo,myjelds "'f3~13 ~~J}~t~t~ (.rom 
this distributiotJ ~nd us~ with Bayes' ·nll~to ~dj\lat .t~eperceiv@ ~rpbtiglUties 
of ~ijch.~of the 30 distributions b~ing the tl"\le:'on~, . ~hi~ w~~ t~p~~t~'for ~0 ye$r~· 
in order to ob~t:!rv~ the change over tim~.in.yieJr\:pa~c~ptlons:·Of,A -'Jl~yesil\hu 
farmer. · . 

tFigtp:-e 1 and 2 .~bout b~r~l . 
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R~su.lts a11d 'DlftC11$8J()n 
lrigure 3 $howa sorofH~Jampl~a of the, pattern ot change for: the m(!~n o~ the 
perceived dlstribtltions oPyiold over ~0 y~f}fs. Thrt:le differ~mt. $&rqple :run~ of th~ 
simul~tion model 1tre shown, all hnsed on ·the sAme p~rlintetf3ra but with,:diffE)r~nt 
random samples ofyieJds* 'I'hef;e runs Wt;\re done,with the, true· d.iatri b uti ott s~t :to 
number 15 with n mean of 0.59 tonnea per; hect11te and the fm:mer'a inltU.~lyi~ld 
perception was set at thon1cdiurn •. As on~h yenr~syieldwas .. gouetfited' a,trnndotn 
from distribution 15~ there is a degree of variability in yields batwaen yenrs. 

[Figure 3 about; here,} 

Figure 4 shows how tho degree t)f error in furmer)s p()rception ·ar.e reduced over 
20 yeurs oftrialing whore thefurmet holds$ pessimistic view of the likely 
distribution of tho yields but tho true distrlbQt}on ta number 15. The error term 
is expressed in t~erms of the percentage difterenae between the mof.ln yield and 
t~lso the standard devhltion of the yield or the tru.e diatributlon ~nd those ofth~ 
of the pr~ior distribution~ In yeut l the e.rrot· in farmer's perception. of.the ,mean 
and the st~ndnrd devi~tion oftheyield of the crop was at nround 18% f.lnd 10% 
respectively. But over the tri~l period as the farmer collects more infottnation 
about the crop flnd observes the yields they revise their knowledg~ of the possible 
true distribution. eventually reducing the error in their perception of reality to 
around 4o/a. This is shown by the general CloWUward. trend from. yeEW 1 to Y~llr 
20. This downward trend, however, is not smooth since the yields frPm ot1e :year 
to the next are selected at random from the true distribution. For e"~mple,, the 
low yields of around O.B (t/ha) in years 1.0 and l.l cAu.ae the fat.mer to tevi~e thair 
perception of the crop yield downward to a:n exter!t which increases 'their error in 
jqdgement about the me&n and standard deviation ofthe true distribution. 

(FigurE) 4 about here} 

1'be data presented in Figure 4 is only for f:l .. siQgle run fJf the shrn:ilf1tiQrt. Given 
the random nature of yields in ea.ch ·trial year, it i.sdifficulttodetetitlinofrorn 
Figura 3 whether the trends would. be similar under a differ~n~ $~t of,tandorn 
yields generated for euch trlnl. To assoss whether 'the trengs J1Te.l:JirrJ.ilqtover'fi 
f:!Xtended set. of runs, the slmulation model w~arun repeutedly !?(Jtimes ~n(l :the 
results averag~dfor each year. The assQmptiona !relating t? the true di~t~ibJ.Itioi1 
~rul the initial prior distr.ibution were a~ for Fi~rte 4, wher~ the/,tr~e cU~ttibutic:>n 
wa.s number 15 nnd th~ farmers initial p()rcepti.on.. wPe &.EIS.ttmetl to be :~sshmf3tic. 
Figure 5 shows ~ smoother downwl!rci :trend li ~e 11s th~ etror in :percepti~tl of tbQ 
tP~ll dJstributiort ofyield ia reduced th~ough YieJq: :in£Qrmll~ioni~ every ~em'~ 
()~er the 20 yea,rs of trinling the ·crop th~ level: 'of:etror in pe~c(!ptio(l. of tll:e me(\,n 
yield:wl\shJllv~d,droppinF.rfromlltOl!~d l4~~in'thl\;~rstyE!~rtq~bgpt:a%·i~y~t¢ 
20~ ·. Th() flv~rnge 1 evel ,of.~rr(lr naapcif1t~ v.:ith ~he'perc~~tion of,t~e st11~tll\~a 
devi~tion ofcr()p yi~ld remained 'telatively cQn&tllnt 1,1t '~rnund ·7 .to<8%,increQiti.J}g 
tnl•:rg\nllllY toward~ th~ fln~l ;yeara. 



Fig-u{;~·.·~ ·di$play~ the .mQt\11 yi~l<l ~nd the.atl\Od(ltd·de~Jati<)n.·~~ th~·yiel<l:fqr ·th~· 
same·ecenu,plo··a~:forFigttre5~ 'Ther~sttlta.$hoW'th(lt.tha·p~tc~ptton.·gf.tli~·meJ~n 
crop yl~ld ;i~cJ!gf1$t)d s~endily towatda: the· tru~ ;t.U~an.tls p~tceptiC>~~ ·Wetei.t~vi$~ 
each yeJ\f' as. a result of 'new iuform11tion from. tb~ trhd lp the• pt~vioij~ e~~sop. 
The perc~ived tn.¢an yi~hl moved from 0,51 (t/ha}in year l.t~pto lt55. (tffrll)ln 
yt3at 20. Th~re wa~ hP.wever little chnnge in the perceiv~· sttl,ndatd. devintioit.:Qf 
thetrueyielddlstriblltion. 

Perceptions of the likely perforrnunce of .a crop is likely to vttt'Y f.lnlotlg&t 
individuals. The simulation. modal wa,a ~sed to exl\mine the ~trect ofdUt~ren.t 
initial p~rceptions .on the r:nt~ of judgernent revi$~on~ FigQre 7 sho.ws. the ohl:l11ge~ 
ln- p~rceptiQn ofthe true mean yield of the crop for thr~ types of'pdor b~li~fs 
ubout. crop yi~ld:.dlattlbuti.on. Once t1g"ain the rQaUlts Qre the aver&ge·orao run~ 
or the simulation model. Irt all of tha tuna we ~J.ssuuletl the tl"Qe distribl.l~ion tp .. be 
num.ber 15 with a mean yield of 0,59 (t/ha)~ The t~sults. ahow· that wh~n g~jsi()n 
maker's prior beliefs are close to the true distribution, trials will simply confinm 
the validity of the prior beliefs as depicteti by the line l~belled ('medium,. 
l1owever when the prior beliefs about the yield distril.1utiort of the crop are 
pessimiatic or optimistic the stupes of tha lines in Figure 7 sh()w the rate:At Which 
prior beliefs are modified oyer the 20 trial yeflrs. Where initial perceptions va.ty 
widely from reality the decision mak~r is still unable. to perfectly pr~dict the 
distribution of the crop yield even after 20 trials. · 

(Figure 7 about herel 

The results of the simulations were used to estimate the 1Hll1lbar ofyeara that 
would be reqt~ired fot· a decision m&ker with their prior beliefs ranging from 
pessinustic to optimistic to revise their p~rc~ption so thl1t the .m.eana fall Within 
5t 10 t1nd l5% of the mel\n of the true disttibtttion. FigurQ 8 shows ~he·.reaults 
for a ffU'mer whose prior beliefs about th~ yield tiistribution of the cr()p is 
"medium" or centtf:llly positioned oil the yield scf1l.e. 1'he results show thl\t for 
som~<>ne with this type ofpripr beliefs, it would take Jl1qte than 20 ye*¢$ tor th(!m 
to get within 5% of the tru~ <.Ustribution if the true distribution ~~a.~ ~ea,Q: le~~ 
than o~e (t/ha) and larger than 0, 7 (t/h&). Jf we ·accep~ a 10% ~trot mlltgin 
betw~en th! mean yield Qf the perc~ivetid1sttibl1tionf!nli,the ttue (}~~' t~is:~rl1P~ 
ia widen~clto an extetlt where the QE!Chdon makf3r~~ .prior ;b~lief~ 111l1tch th~tr:u,e 
di$tribq tion within a single trial ye~ if thf3 tru~ ~stributioJ1s fell within ·tn~ 
rl1nge of 0.55 (t/haJ and 0 ~67 {t/hA) m~~ yi~ldr :flp"~v~r if th~ ·tqleran~~ f9r 'thf3 
~rror mJtrgin in perceptions wereincret:t~~ ~V~P(\lrt~er to l5%t t~~ t:i~cisi?n: 
mJlker wo1.1ld ~e ~bl~· to revi$~ their per~~ptipnt\l get ·wit~ill15% ei"J"Qf oftpP:~t o~ 
the .tru~ dlstributiPns unc!er 20 yenr~unl~$$ tn~·~ru~ ~.~tributi9~ ~~·~t t~~···v~ry 
iow·.~nd of the yi~ld rang~ \Vit·h l\ ~~an ,ofO~!tl5 (t/ha) ... ~qr.·l\·.•f~~r 'Vitb. ,pr~qr 
beliefs centred ·llrOUnd tbe .mJdd)¢ of th~ ~!lt:J t~ngeit 'W9Ul~. only .t~e tg9~1fl~·9 
~el\r$ to be abl~tQi~entifytbe ~ru~di~tribytipntlta.tn~dll··JP.~~ ofQ~tl,tlhff,:With 
8fi%. ~ccQr~qy, whete~s, :it wmdci ttUte tl10t'Q thM: ~0 yeijra:tQ :do tp~ $~ID~ :with 
9.5% a,cQu.racy. 
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.. 

Figure 9 sho\Vs the lrnpact of the ci~greQ of arrm~ in the initi~,Il percepti()n .of:(! 
decision Jnaker ~pout th~true dlstriblltion ofcropyields<onthe t14mh~t of'tr,hd 
yetlts required .tQ. b~ able to pra~Uc~ ~vith<90% nccJJ.tqcy, the $}1~pe .oF th~ trpe 
distribution. For instance, an opthniatic QfJ<;ision n1~er With;25% lniti~l eiTQI". .ill 
thelt perception of the truu distribution Wot.lld; r¢qYiro ~roqnd 7 years to .pre<li~t 
the shape of the tnu~ distribution with 90% nccur~HlY~ whereas a pessirnistici)M 
with the san1e initiul error would requir:e t5 years to do the sam~. 

[Figure 9 ~bout here] 
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Figure 2. Prior dlatrlbutlona of thtt tru• ~lmtrlbL!tlcma 
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Figure 3. Mean y.ield over trial yeara for three sln1UIIItlona for a 
medium prior distribution 

0 2 4 6 8 10 12 14 16 18 

Yeare 

20 



20 

6 

4 

2 

F{gure 4. Error In decision maker's beliefs aboutthe mean yield and the 
st~ndard deviation of the crop yield When the 'true distribution Is 15 and 

the decision maker Js pesslmlstlc wlth a ,Jaw prlor distribution. 
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Figure 6. 30 run ave.rage mean Ylttld and etndard ttevlitlon of yield! over 
trial yearefor !I peeefmlet when true dtetHbutlon le15 
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Figure 7. 30 run •ver.ge mean yt.l~ tor vartou1. perciptl()nl \Vttltn ttu.e 
dlltrlbutlon 1115 oV,r ~o trill yell.,_ 
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Figure 9 •. lmp$~t9f .lniti~l erri:lr inperGeptiqry ~f ~rop Ytt!~d:Q~ th~ ·n!Jm~r ~~ Yt!tlts 
to rt1ach within 1 O% errorat·the·true,distribution wlthptiorsranglhgJromiow to•high 
RiskY Lo¥/Prior!i • Medium flriors Hlgh:.Rrlors . · 
Distribution ltiitiarerror Years lnitiat.err(>r Yeats , lnltial;ertor :Years· 

1 0;52 >.20 0.84 >20 ti24 . >20 .. 
2 . 0.28 . . ~20 Q,p5 ~20 0;89 >20 .. 
3 O.t6 6 . OA1 )20 0.71 .. >20 . 
4 o.11 1 o.as >20 o.s4 .>2o · ·. · 
5 · o~oa 1 ·0~25 ;;2o o;s2 . · >2o 

7 0~02 1 0.24 17 0.:51 >20 
8 Q;O, 1 0.20 14 Oi46 >:20 
9 o;o3 1 O;fl 1·4 o~43 >2o 

11 o,og 1 o~ 1 t .. a o~a4 • >:20 

r~ o.12 · 2. o.:n1 . 1 o.a1 t9 
.t4· OA3 4 0.06. t 0,29 ·. 19 
15 0~17 9 0~00 1 Oi22 t4 
te o.t9 · a o~o.1 1 o:2o a · 
17 0.21 14 0~04 . 1 0.17 . . 4 
18 0.22 t6 Q.;Q5 1 .0.16 3 
19 0.2.6 ~20 0.10 1 OJJ9 1 
2o 0;26 t7 o. ro 1 o.o9 1 
21 0.21 13 0.11 1 o.oe 1 
22 0~28. 1.$ OA.2 4 0;07. 1 
'23 0.\:29 20 0.14 8 0~05 1 
2.4 0.29 . >20 O.l4 13 . O·i04 1 
.25 0;31 >20 0~16 t3 0.02 1 
26 .. 0.~4 ~20 .0.20 18 0.;03 1 
27 0.;$8 >20 0;25 :>;20 O.Q9 . ., 
28. 0.42 >20 . .0.29. >20 0.~1.4 2: 
29 PA6 ~20 0~34 ' >20 ... Oi20 6 
ao 0,51 >20 OA1 '>20 o.28 ·6 



Witlun 'fable.! (or sht:hasis,.for ~y.~thedegrc~s vf1recdu.tn !cr the esnmat!!d ~merems 

wer~ citller 51 or $2:. ftjr ilie t'fpe ui .mafyses the degtee5 of th:~om tot the estimated 

£l)¢tUClt:nB l!!e 45. Forth~ £¢gre5$1011S~SOt,iated \1.1tb SlJUtees ur effc-.::tiYeuess. the degrees or 
{r~omJort.becstimatcrl,,coct1i¢lcnts:arc: 11 Tht!: clldftctcnts ~~:farg~Iy stgmticant. mu11y at 

:We H:~~':te .. eL There v;~ a huge improvement in the ssgmfil!ttrn:e of the esumared ~Iicten!S 

;\\;.herHbG inten:ept was t!n.;pp<.!d m:nnme rc:gresstons. The r:aw fl'.Otnent R.t values wc:re t:ttnte: 

hl~ tbr c~s $1!Ctiuna1 dam:- ilicy r.msed from 389 Iu 75 :17 pc:rcdlt. Just u\et half th<: 

t~~ions, tn"•'u~·C:d i<.ad Duthut· Wa~<)t1 s:nmstics suggesung. no autooorrdat~ errors, wtu.le 

far JUSt under ,1-'.:lif the reg.rd.Sions tn>''Otved the 0fl(bln· Warscn test '-v.IS mconc.fusive 

l:i:Oweldi given that L~e Stlf\'C)'S ~r:re from a eross~secnon autot.•·urrclanon ti unlikely Fu.rther 

Wlill}St£ oftheu residu:U plots :~.'rowed the caws w ~ truldurn. &~t 1s autocorrelat~::d; errol$ 

ae not l~ly ro be a probic:m in Table 2 The meondusi~e rouJt tllay nnpty that the mode! 

un}Klsed, te r~p!ic:ate the Just an& Ra~ser t 1989) SJ.Urlj 1~ mt!Spo;lii~d 

For :type ot' ru-.aiy"SC:s and soun::e ot -ert'ccuvr:uess re.grdSitJns either !m:usch-Pagan te:ots or 

NR2 starl5tic:~fron:uaxifiaryrc:gn:sstons 11illed to deti::c.t heten.J~1.'t:i:bsnc error:) at a ""'5 ur l% 

Howe:-. cr., fur b;:..'i~ for an • .u,ses,lhe !!oetTtcu:n5 for 5Ceond:u} data ate not mmunum v1l!1antc. 

that is lhe: expt~on ot puhh5hcd secondary dati: sow:c~:s has. hete;oscedl!Snc erro~ The 

s~gruncance of t.~es~ .:«tlictents- mus~ he qutstioned {st:e Appendt;;; A~ fable A:! tilr teM 

,[~SUits] 

W1chm Tabk 3 lor 1dc:a!. wutSc:worl:. emph:l~is, the ~grecs of th:cdom asso>.tated wtth the 

c:sumated coc:ffktenb' are 62. For d1c dttfen:nee bl:tween tddl and actwl t.:ttursework 

cmphastS' the d~grt:l:'i of freedom ~atai 1.~1th tilt: c~1Unated cucffit:IentS are M lhe 

cm:tTiti:tenrs tnr ~ .coU11>e~tk emptm1us are qune sigrut'icat·u. .altf>..oogh the esttnlaicd 

liOc:tfkte:m.£ f'JC tile Jitf.:renl!e lkt,...~n IUe.rl and awllf 1!Itipha~t~ life lar~dy Wi1gllfikatn rbl:!' 

1'4""' morru:ut R2 ~aJue:s .rang~ !rum 44.85 t(} 1l 68 percent !fir ~d l.;l)'Ursewotk emphasiS. ln 

.. untr~t. tor the d:ff~:tt:nce b<:tW(!t!Jl ido!<~f and ac;tuaf e:oucscwork ~mplmststbe raw moment a: 

twelve had Dt~rbln~ \Vatsan stati$UCS that rejc:Ctt!d ::~ut,OC(lft:t:Tated'·l:fi'Or5, \~t:,il~.ogly tWU, J.\'i~e 

inconclusive. about the presence pt' aurocorrdation. 

For 1dcaf· coursework emphasis. rutd the ditTerenc:c:: bc:tween idc:af .and act¢it ~~~~rf;: 

etnpllasis,. Breusch~Pagrut tOtS and NR:z: Statistics thlm the; au,xtliruy ,f¢£fc:SsiOfiS; qf ~14Q31~. 

'5ttt:ared on fiuc:d ''nlui!S and. residu:lls squared ort fitted '1.-:lfues ~uarc:tf were; used ~ dC:t(!ct 

heteroscedasucuy. For an regressions involved in Table J: euher ·lhe Bteusch;-R-ll£3n; Ot' ~R! 

statistics: did not de teet hereroscc:dastic: errors at either a=-5 or l%, The ¢Stitnat~ eoeft1d;nts, 

for Tabk 3 appear nQt. ta viotateOLS ~-sumptions {See: Appendi~A- 't.abic:: AS fut r~sclts ci 
tdlS}. 

For the initial r~essions invoTved in Tabtc 4" there were 20 q~ees of freedom: tilr d1c 

l!Stimated eu.:ffieknts .associated wnn.the number' super-ised._ nnd: lbete "\ere l:S dc:-~ecs of 

freedom for ihe cucffidents asso;;:iated. with the tevel or irn1uaxce4 The co.:.t1itlent£ l(lr ·the 

regresstOn explaining the number supervised i!!e instgnitic-.mt. and for lhe r~gresSion· C.\pfaining: 

the tesel of intluence nl! eoefficicnfS. e:o(;cept years since bsl.' degree are insignificant Because 

the regressions in Table 4 contaill infi!n:c:p~ l!ieuppropnar~:: m~ureofg~odnessllf til ~· ,R!. 

The initial valu~sof Rt w~rc: 55.6-l percent fur the explanationol'the: nt.Ullber: supervised:. ,and 

57.32 perc.mt lot the c:::.xplanatiort of the fevel ofintlUt::nce 

The Durbin¥ Watsonst.:uistk:i led to utconclusive test results tbr autucorreb.tton,. atthoug!} Jll~ 

u.nHkdy in cross sectional data to ilnd auwcol'fda[ed errors. Bn:u:scft-~agan it:5ts tilr 

heteroseedastictl)' at 5 percent significance: accepted the null hypoth~::Sis uf nomo::;eed3suc: 

error£ fbi' OOth regresstOll$ 1. 

Analysis cf the corrclatto~ matnecs ot" th¢ Qngmat Ots regr~:SSit)llS tbund e.'i.m:tnd) high 

c;Jmdation co.:fficicnts between several regressors ~ thus there tS multicoltinc:anty in. the darao 
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