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RISK PREFEFENCES AND PERCEPTIONS IN THE USE OF IFM

1. Introduction

There has been consldersble interest in recent years in the opportunities
for switching from conventicnal pest control techniques based on the extensive
applicatlon of various chemical pestlcides to the newer Integrated pest manage-
rert (IPV) strategies which emphasise biclogical rather than chemical controls.
IPM offers a way to aveld many of the harmful envirconmental externmalities
associated wlth conventicnal pest control techniques, yet its diffusion among
cotton growers has been relatively limited. Why is this? If one applies the
traditional economic tools assceiated with rational decision making under
uncertainty, one would have to explain this In terms of growers' risk prefer-
erices and the differential risk of IFPM versus conventional control. In this
paper, we confront this explanztion with data taken from a sample of cotion
grovers in the San Joaguin Valley and find it to be inadeguate. 1IPM does not
offer a less favorable risk-return tradeoff than conventional control techmioues,
and we carmet find any systematic differences in risk preferences which might
explain why some growers have adopted IFM and others have not. It also seems
wrilikely that the adoption or non-adoption of IPM can be explained by the use
of scre criterion other than expected utllity maximization. Instead, we belleve
that the erxplanation lles in differences in the subjective perceptions of the
probability distributions of returns from the use of TPM and conventional controls.
IT one locks ab thelr subjective distributions, cne finds thet growers vwhe
erploy conventlonal controls and growers who enplcy TP bave contradictory and
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strategy wnich it employs to be larger than the returms from the alternative
strategy, although this is not consistent with the objective evidence. Thus,
there arpear to be systematlic errors in the perceptions of the outcomes of the
twe control strategies. DMoreover, the errvcrs occur not in the percepticn of
the outcomes of the current strategy, but rather in the assessment of the cut-
cames under the altermatlve contrél strategy.

These assertions wlll be documented below. We wish to emphaslize here that
they have irportant implications not only for public palicy issues concermned
with promoting the use of non-chemical pest control techniques, but also for
the methodologlcal issue of the validity of the econumist's conventiossl medel
of ratioral decisicn making under uncertainty. That model takes the deéision
maker's subjective probability distributions as given excgenously, and focuses
on differences in risk preferences as the explanation of why two decision
makers would make a different cholce from the '"same' cholce set. Our findings
suggestlthat there may be systematic blases In subjective probability distribu-
tions which have a more powerful influence on c¢helces than differenceés in risk
preferences, and that the subjective probability distributions may not in fact
be exogencus, but rather may be endogenous and subject té the same factors as
those which influence cholces. An Inplication is that in future research greater

attention rmust be paid to the process of expectations formation itself.

2. 'The Data
The data pertain to the output, Inpubs, costs, revernues and pesticide use

of a random sample of Ll cotton growers in the San Jozquin Valley over the perdcd

187C0-1974; 28 of these growers used IPM and 16 used conventional chemical controls

throughout the time period, The data were ccllected uAdsr the directicon o
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USDA, TPA, NOBF, and the Glanmini Fourdation of Agrleultural EFeconomics. Portions
of the data have previously been analyzed by Willey and by Hall.

3. The Risk Preferences of Cctton Growers

Interviews were conducted with 38 growers to ascertaln their utility
functilons for wealth. The Ramsey method of preference elicltation was erployed
to generate between 4 and 22 points on each grower's utility function. Various
functicnal forms were fltted to these data, which embody a wide range of zttitudes
towards risk including: the linear (risk neutrality); the semi-log (decreasing
risk aversion); the exponential {constant risk aversion or proneness); the
quadratic, the power function and a function propesed by Keeney and Raiffa, which
permit varying rilsk aversion or proneness; the logistic, which

Yply risk proneness over the lower part of the wealth range and risk aversion
over the upper part of the range, and which may be used to test Tversky an
Kahneman's prospect theory of cholice under uncertainty in which decision malkers
are risk prone for losses and risk averse for gains (i.e. the inflection point
occurs.at the current wealth level); and the cubic, which permits elther uniform
risk aversion or proneness over the relevant wealth range or non-uniform risk

preferences (either convex-concave preferences as with the logistic, or concave-

convex preferences). The exponentlal, power and loglstic functions were fitted

by non-linear least squares; the others were fitted by OLS. In each case, the
estimated function was constrained to conform to the origin of the elicilted
utility scale., For each grower the selection of the best fitting functionsl
form {i.e. the form which best represents the qualitative properties of his risk
preferences) was made according to the standard R criterion, adlusted by the
Box~Cox method for differences in the regressand.

The results are sumarized In Teble 1, in which the growers ave classified
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Table 1.

The number of growers with different types of risk preferences,

UNIPORM RISK PREFLRENCFS

BON-UNTFORM PREFERENCES

&a

Vory Risk Slightly Risk S$lightly Risk  Very Extremely Y tnverse
Risk- Averse Risk  Neutral Risk Prone  Risk Risk S—shaped S-shapad
Averse Averse Prone Prone Prone
In
1 1 2 2 3 2 2 4 5 1 2
Growers
3
Le ! 0 1 3 0 2 1 4 1 1
Crowers
A ) 2 3 6 2 4 5 9 2 3
Crowvers

1/ Bisk prone, then risk averse.

2/ Risk averse, then risk prone.

3/ Conwentional controel (i.e. non-IPM).




hzve rorn-wriform preferences; of the remainder, 20 are risk prone to some degfee,
six are risk nevtral, and I3 are »isk averse to some degres. These proportions
differ considerably from the findings of cther studles, a8 sumarized in Young,
in which there is a predominant trend to risk aversion. For pressnt purpcses,
the key question is whether or not there is a systematic difference between the
risk preferences of growers who employ conventlonal control and those who employ
TPM. This was tested in several ways. The growers were classified into two
groups ~ those who are risk averse in any degree and those who are risk prone

in any degree (the risk neutral and non-uniform risk preference cases were omli-
ted) - and a contingeny table test was performed against IPM use. This test
takes no account of the intensity of risk aversion/proneress. In order to allow
for this, the values cf the absclute risk aversion coefficlents were compared
using the randomlzatlon, Marm-Wnitney and Kolmogorov-Smirnov two-sample nor-
parametric tests. All tests lead Tc the same conclusion: There 1s no evidence
of any systematic differences in attitudes towards risk bebtween the growers

who use IPM and those who erpleoy conventional control.t

8, The Actual Effects of IPM Use.

There are several g@%%es of evidence which suggest that the use of IPM in
place of conventional chemical controls does rnot reduce the returns from cotton
production. Miranowskl et al., USDA, and Taylor show that irputs of chemlesl
pesticides could be reduced substantially with little or nc effect on expected
cottgn ylelds. In a study of the use of IFM in corn rcotworm control, Miran-
owsikd shows that IPM is superior to conventional chemical contreols when Judged
both by expected proflit maximization and by expected utilify maxirmirzation with

T e £ T ot X o / ~ - £ I
o averze preferences., Hzll studlies essentially the same sarple of growers
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as us, and concludes that expected cotton lint yields and profits are not



significantly different under IPM than under conventicnal controls. With a
slightly different data set and methedolegy we reached the same conclusions,
except that we found no difference in the variance of profits under the two

2

strategles.” Our findings are sumwarized in the first two rows of Table 2.

5., Tha Per¢eived Effects of IP%_US&.

In addition to data on the growers' actual irmput usage, expenditures, and
vields over the period 1970-1974, we have data on the growers' subjective
probability distributions of cotton yields, Insectleide expenditures and pest
damage under both IFM and conventional control strategles. These distributions
were elicited in Interviews using the FPERT technigue, which yilelds a three-para-
meter triangular distribution (the parameters are the median ard the .05 and .95
percentiles), First we studied the relationship between the actual probability
distributions of yields and insecticide expernditures cover the perlod 19?0~197ﬂ,
ard the subjective prcbability distributions (hereafter, s.p.d.) of these varlables
under the actual control strategy. A varlety of tests was employed for this
purpose, including: (1) For each grower separately, the Kolmogorov-Smirnov
one-sample test to investigate whether the set of actual ylelds/experditures
could have come from the specified s.p.d.. (2) For each grower separately, con~
strudting two-sided confidence intervals for the mean and variance of actual
yields/expenditures and then inspecting whether the mean and variance of the
s.p.d. f2ll in the respective confidence interval; and {3) For each group of
growers, a palred corparison test of the means and variasnces of the actuzl and

subjective probability distrdbutions of all growers in the group, The tests

. . . . 3
vielded broadly consistent resulis, which are sumarized in rows 3-6 of Table 2.7



-The means QP ﬁh@%m d¢5b?¢bdv;uég.bé”dwﬂ to exceed these of the actual distribu-
tions, te zbout an equal extent for both IPM and non-IFM growers, which might
reflect expectations about fubture price increases for insecticides ag a result
of the rise in petroleum prices Just pricr to The time of the interviews in
1975.

Next we compared the s.p.d.'s of yilelds and Insecticide expenditures for
the two groups of growers. As with the corpardson of actual ylelds and expendi-
tures betweenithe two groups described in section 4, the tests were based on
ANCVA statistics and regression models. The results are shoun in rows 7 and 8
of Table 2. For ylelds, there was no significant difference between the means
of the IPM and non~IF growers' s.p.d.'s, which 15 consistent with the analysis
of actual ylelds swmarized in rows 1 and 2 of Table 2. There was also no sleg-
rificart difference between the variances of the s.p.d;'s of yields, which
conflicts with the analysls of the actual variances. ince there is some evidence
that IPM growers are more likely than non-IPM growers to overstate the ﬁariance
of thelr yields in their s.p.d.'s, this could explain why the two sets of dist-
ributions have similar variances. For the s.p.d.'s of insecticide expenditures,

both the means and the vardances of the ! growers' dlstributicons were signifi-

cantly smaller than those of the non-IPM grovers' distributions, which is con-
sistent with the analysis of the actuzl distributions.

Finally, for each grower we cobtained the parameters of his lmplied s.p.d.
for ylelds, insecticide experditures and partial profit under the actual and
elternative control strategles. The s.p.d.'s of ylelds and insecticides-experndifures

andetr the actusl strategy are those described ahove, and were elicited directly

was constructed from an §.p.d. for percent pest damege urder the altermative

stratery, vwhich waz eliclited in the Intsrview. TProo the neans and varlarces

of these dlstributions, the meens and verizncees of the s.p.d. for partisl preflits
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urder both strategies was constructed from the formula: partial profit=yi
price in 1976 -~ all insecticide expenses. ¥eare assuming that cotton prices and
non-insecticide expenses would be the same under both confrol stz:'auegies.lg The
means and variances of each grower's s.p.d.'s for cutcomes under the two control
strategles were subjected to a palred-comparison test for each group of grovers
as a whole. The results are shown in Table 2. They may be compared with the
results for the actual cutecrmes, which are shown in rows 1 and 2 of Table 2,

The s.p.d.'s of the two groups of growers present a striking contrast,
both with one another and with the sctual historical experience. The twe sets
of s.p.d.'s are entirely contradictory. For ylelds, IPM growers believe thzat
IPM offers higher yields than conventional contrel, whereas non-IFM growers
believe that conventional controls offer higher yiel@s; The actual data-analyzed
In Table 2 show no differernce In yields. Simlilarly for profits. For insecticide
expenditures the IPM growers belleve that IPM offers lower insecticlde expen—
ditures, which is consistent with the historical experlence, while the growers
who employ conventicongl cortrol belleve that this offers lower Insecticide
expenditure. In short, each group of growers believes that its current strategy
1s better than the alternative, in terms of the means and variances of the s.p.d.
How does this come about? Our analysis of Table 2 showed that each group's
s.p.d.'s for yields under the current strategy match the actual historical data
reasonably well. For insecticide expenses this is less true - each group tends
to overestimate actual expenses, to an approximately equal degree for both groups.
It appears, Therefore, that each group Judges 1ts actuszl strategy betbter Than
the alternative primerily because it underestimates the yields and/or over-—

estimates the expenses azsonliated with the alternative.



Talile 3. Summary of vesults of paivred comparison tssts for means
and variancas of sub
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Glyen the s.p.d.'s for partl=zl profits under both control strategies, we
Irvestigated the cholce of an optimal strategy for each grower individually under
two decleicn criteria — expected profit meximization and expected utiilty
maximization using the fitted utility functions. We found that both criteria
predicted the actual cholces equally well. Clearly, it is the nature of the
subjective perceptions of cutcomes rather than the fype of choice ereterion
or the nature of risk preferences which explains actual use of IPM. For 35 of
the 44 growers, given their s.p.d.'s, their current control strategy was
supericr to the alternative strategy by either crifterion. For only nine growers
— seven IPM and two rnen-IPM growers —— the altermative strategy was tetter.
Five of six of these cases seem reasonable in that either the twe s.p.d.'s
intersected, or the current control strategy was optimal if one overlocksd the
consultant fee component of insecticide costs. The other three or four cases
seem less reasonable and would appesr to irply irrational behavior as well

as incorrect perceptions of ylelds and insecticide expenditures.



FOOTNOTES

1. The Fitred utilicy funcninns and the detalled test resnlts avre presented
in Haznemann and Farnsworrth (),

2. Tha methodnlogy invalved rthe use ~f ANOVA tasts for egqualicy of means and
of variances of yields, esxpenditures ato. fovr each grovp of growers (I8
and nan~18M) hoth for the yaavs 1970-74 pooled and far each yoar taken
senararaly,. This analysis is a gross eomparison since it does not allow
for tha affects of ohzervable factors such as grower or farm charactsris-
ticg which could influence vields, say, and might also vary systematically
berwsen the two grours. Thus, for example, it could happen that the use of
1P does lower yvields but farmars who employ IPM have rmore fertile soll
than non-IPM farmars, and the two effents cancel eut: in gross terms
the yields of IPM and non-1PHM farmers are the same, but if ome could ret
cut the effects of other farm characteristics there would be a difference
in yvields. To test this hypothesis weo estimated regression functions for
vields, expeaditures etc in which the regressors were the usage of various
irputs, farm charazcteristies, and agroecesystem variables such as zeil
guality and prasipirarion, Both the slopz coefficients and the constant
terms of thase equations were allowed to vary hetwsen the twa groups of
sreevarg, Uelng Chaw tastg, we tzsted first for equaliry of the slapa
enafficients between the two grouns (which was found to hold in everv case)
and second, conditional on 2qual slopes, w2 tested for agnalicy of somstant
terws fi.e., equalirty of yields etec after growar/fars characteviariss kave
heen netted cot), Berh rhe gross and net tests yieldad the sama rasulnts,
The datailed results are presented in Hanemann and Farnsworth ().

3. The reanlrs of tests (1) and (2) eon the Individual growers ware sufficiently
ginmilar that ws can genavaliza with soms confidence. For ewawple, using
test {2) the hypothesis that the msans of the subiective and actual prob-
ghility distributions of yields ave equal was rejected for only 4 of the
28 IPM growers and for only 4 of the 16 non-TPM growvers.

4, We also assume rthat tharse is zero correlarion betwsen vields and insecticide
expenditures; an analysis of the data on actual yields and expenditures
supnorts this assumption.
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