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Introduction 

Wesley N. Musser*

Historically, natural resources policies related to land tenure,
irrigation water, public ranges and forests, and soil conservation have had
large actual or potential impact on at least some agricultural producers
(Ely and Wehrwein; Ciriacy-Wantrup). The emergence of concern for nonpoint
source pollution from agriculture increased interest in national resource
policy and agricultural production. Policy instruments for this national
resource policy include subsidized production inputs and practices, pricing
and quotas on environmental loadings, and adoption of "best management
practices." These instruments all involve firm management responses in
production to be successful.

Considerable research on the economic incentives for agricultural
producers to respond to natural resources policy has been conducted--
Taylor and Frohberg and Seitz, et al., are examples. One important
limitation of this research is the assumption of profit maximization as the
goal of producers (Kramer, McSweeny, and Stavros). Since the 1950s,
agricultural economists have devoted considerable attention to the
influence of risk in farmers' behavior. In 1974, Just and Lin, Dean, and
Moore all demonstrated the importance of risk aversion in explaining farmer
behavior which greatly stimulated interest in risk research. Anderson,
Dillon, and Hardaker and Barry provide surveys of the rapidly growing
theory, methods, and empirical research in this area.

Much of this early risk research for agricultural production firms was
not applicable to analysis of natural resource policy. With a few
exceptions such as Carlson, and Eidman, Dean, and Carter, the research
concentrated on farm enterprise organization and marketing strategies,
largely for crops (Musser, Mapp, and Barry). Historical data on prices and
production levels were generally only available to estimate probability
distributions of returns for current production methods for crops similar
to the seminal study of Freund. Probability distributions of returns for
alternative production methods were generally not available for analysis of
natural resources policy. Beginning with Mapp and Eidman, the emergence of
biophysical simulators provided input-output data to supplement historical
data for risk analysis of natural resource use (Musser and Tew; Boggess).

The symposium reviewed current progress on producer response to
natural resource policy. The participants are members of a natural
resource subcomittee of the Southern Regional Research Project, S-180, on
"Economic Analysis of Risk Management Strategies for Agricultural Produc-
tion Firms." This symposium concerns farm management issues associated
with natural resource use--the subject is not natural resource economics.
Emphasis is placed on current substantive research on these resources

*Wesley N. Musser is an Associate Professor of Agricultural Economics at
The Pennsylvania State University. When the symposium was presented, he
was a Visiting Associate Professor in the Department of Agricultural and
Resource Economics at Oregon State University.



rather than advocating particular methodologies. Stochastic dominance,
risk programming, and simulation are among the methodologies utilized.

The symposium was organized around three major papers on different
resource use issues: (1) Tew and Boggess discuss irrigation, (2) Cochran
and Boggess discuss integrated pest management, and (3) Young and Kramer
discuss soil conservation. McGuckin, Wetzstein, and Spurlock, respec-
tively, discuss these three papers. The final paper by Miranowski and
Reichelderfer is a critique of the three papers from the perspective of
their contribution to national policy.
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THE RISK ASPECTS OF IRRIGATION SCHEDULING: A FIRM PROSPECTIVE

Bernard V. Tew and William G. Boggess*

Introduction 

Production risk is a primary concern to agricultural firms since the
biological nature of crop production introduces elements of risk unlike
other types of risk faced by non-agricultural firms. Agricultural product
yields and prices can be directly and indirectly affected by uncertain
weather conditions, large weed populations, and infestations of damaging
insects. All of these factors produce increased production risk for the
firm. Irrigation scheduling is one production practice that may reduce
production risk for the agricultural firm within the general context of
crop production. Additionally, irrigation scheduling has important
implications for other types of risk for the firm such as price, financial,
management, and institutional risk.

Irrigation scheduling has three main aspects, including the
appropriate time for water application, the amount of water needed per
application, and the total water requirements of the firm during the
growing season. The geographical location of the firm largely determines
the relative importance of each of these aspects to irrigated production
risk and the general scheduling problem. For example, the southeastern
portion of the country typically has large supplies of good-quality ground
and surface water and annual rainfall is usually adequate for the produc-
tion of a variety of agronomic and high-value vegetable crops. However,
large portions of the growing season can be characterized by sporadic
rainfall, excessive rainfall, and/or long intraseasonal periods of drought.
In addition, soils in the major agricultural areas of the region exhibit
excessive drainage that severely limits the water storage capacity of the
soil in the root zone of most crops. Under these production conditions the
proper amounts of water needed and the appropriate time to apply water
become the most important aspects of the scheduling problem. Consequently,
the southeastern producer has a low degree of predictability of production
costs associated with irrigation.

In arid regions of the country, the timing aspect of managing water.
use is relatively less important than the sufficiency of supply for the
farm firm in general and each production unit in particular. 	 At the

beginning of the crop year in an arid region a large degree of pred-
ictability exists in terms of total water requirements, annual
production costs, and, to some extent, annual yields. Therefore,
production risk associated with this type of irrigation can be lower than
corresponding subhumid production.

*Authors are Assistant Professor, Department of Agricultural Economics,
University of Kentucky, and Associate Professor, Food and Resource
Economics Department, University of Florida, respectively.
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The purpose of this paper is to briefly examine the risk-reducing
aspects of irrigation as an input at the firm level. It begins with a
brief review of the irrigation scheduling literature. Second, two methods
of empirically examining the risk effects of irrigation scheduling from a
firm perspective are presented. Finally, the interactions between irriga-
tion and various types of risk are discussed.

A Limited Literature Review

A number of empirical approaches to the scheduling problem have been
examined, including a basic production function approach, a dated produc-
tion function approach, uncertainty models, and multicrop models. The
basic production models include the works by Kloster and Whittlesey; and
Hogg and Vieth incorporating seasonal variables in the production process.
Heady and Hexem provide an extensive presentation of production approach
attempts to model the optimal timing aspect of irrigation scheduling. Vaux
and Pruitt; and Dudek, Horner, and Warren provide an illustration of
methods and a detailed account of research in this area, respectively.
Research considering the uncertainty aspect of scheduling include the works
by Palmer, Barfield, and Han; and Zavaleta, Lacewell, and Taylor among
others. Multicrop scheduling research is much more limited in scope with
notable works by Khan; and Kumer and Khepar.

Most analyses of production processes in an uncertain environment are
based on the probability distribution of output as determined by the input
in question. Three approaches have been developed to examine output
variability as some function of inputs. Just and Pope developed a single
equation stochastic production function specification. A second, commonly
used method is based on single equation yield response functions linked to
a soil water balance model. Typical irrigation schedules using this
approach in the agricultural engineering and agronomic literature either
maximize crop yield per unit of land or maximize yield per unit of water
applied. A number of these schedules assume all other production inputs
are not limiting to the plant. Furthermore, the cost of water and its
application is negligible. Thus, irrigation water is managed conducive to
maximum net seasonal photosynthesis with water being applied in sufficient
quantity and with adequate frequency to minimize plant stress. Examples
include among others the studies by Salter and Goode; Taylor; and Hagan and
Stewart which define allowable soil water depletion criteria for several
crops and the corresponding root zone depth. Several different scheduling
methods have been identified within this larger class of scheduling
strategies. An example of a subclass of scheduling methods involves
critical growth stage irrigation. This strategy basically prohibits or
severely limits water applications except during the plant's most stress-
sensitive growth periods. Musick and Grimes developed this scheduling
concept in 1961 for grain sorghum in the Great Plains. Salter and Goode
used the same approach in their research on field corn. The final approach
that examines output variability replaces the single-response function
simulation model with a process-level plant growth model which contains
mathematically interlocked representation- of the growth process of the
plant.
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Additional subgroups of scheduling methods include plant water deficit
and stress day index methods. Woodruff, et. al., introduced the former
concept with his research on irrigated corn in Missouri. Basically, a
reservoir of usable water is maintained in the upper root zone by
frequently monitoring soil parameters. Hilner and Clark developed the
stress day index method in research involving corn, soybeans, and peanuts.
This scheduling practice initiates water applications when a predetermined

stress level is exceeded.

Agricultural economists have used the economic criterion of maximizing
net profit as an irrigation scheduling objective in combination with one or
more of the scheduling techniques previously discussed. However, applica-
tion of this criterion is quite difficult for a number of reasons,
including low variable costs of water application in subhumid environments,
uncertainty of input and output costs, and frequent unavailability of
suitable water response functions. Early efforts to solve the scheduling
problem in an economically feasible fashion include the foundation study by
Burt and Stauber and more recent works by Blackie and Schneeberger; Harris
and Mapp; Mapp and Eidman, 1975 and 1976; Anaman, et. al.; and Apland,
McCarl, and Miller. Most of these research efforts use plant water stress
criteria to trigger the water application. Studies that have used process
growth models to examine irrigation scheduling topics include, among
others, the research by Swaney, et. al.; Boggess, et. al., 1981; Wilkerson,
et. al.; Lynne, et. al.; Tew; Tew and Boggess; and Musser and Tew. A
recent, excellent paper by Bosch, Eidman, and Oosthuizen provides a
comprehensive literature review and addresses in detail several of the
topics discussed in this paper.

Numerous other economic studies have demonstrated that irrigation
reduces yield variability and consequently irrigated production dominates
non-irrigated production of grain sorghum in Oklahoma from a production
risk perspective (i.e., irrigated production was expected value-variance
efficient with respect to non-irrigated production). Similar results were
also found by Burt and Stauber; Apland, McCarl, and Miller; Tew and
Boggess; and Tew. The proposition that irrigated production dominates non-
irrigated production in arid regions seems quite reasonable. However, this
proposition becomes highly suspect with respect to subhumid irrigation
where an irrigator can incur substantial irrigation costs and large amounts
of natural precipitation during the same day. In this context, production
risk associated with scheduling can be examined using expected
value-variance (E-V) criteria.

The Production, Price, and Management Risk Aspects of Irrigation 

Production risk is an important risk component of dryland crop
production (Boggess, et. al., 1983). The irrigation scheduling literature
often supports the proposition that irrigation reduces yield variability
(Harris and Mapp; Burt and Stauber; Apland, et. al.; Tew; Boggess and Tew).
Furthermore, in arid regions it appears that irrigation dominates dryland
in an (E-V) sense with respect to profits (Harris and Mapp; Burt and
Stauber). However, this is not always the case in humid regions. As
discussed earlier, the impact of irrigation on the variance of profit in
humid areas critically depends on variations in weather, output prices, and
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input prices. While production risk is a relatively more important risk
component in non-irrigated production, price risk becomes relatively more
important in irrigated production (Tew and Boggess).

Obviously, irrigation has little effect at the farm level on the
forces that cause variation in prices. However, irrigation does facilitate
the use of risk-reducing pricing strategies such as forward contracting,
hedging, and options (Anaman). Management risk is becoming an increasingly
important concern. The Agriculture 2000 report addresses this issue in the
following passage, "Farmers will benefit from a rapidly growing array of
electronic technologies which will provide more information, on a more
timely basis, with more analytical capabilities. How well farmers manage
this information will be an important factor in business success."

Irrigation scheduling is already benefitting from a growing array of
electronic technologies including crop stress sensors, computerized
irrigation equipment, computer scheduling algorithm, and automatic weather
data stations. These developments and the concern about management risk
have spawned research on how often to monitor equipment for breakdowns,
information gathering and processing algorithms that simplify the
management process, and minimum weather data needs for efficient irrigation
management (Swaney, et. al.).

The Irrigation Schedule as a Stochastic Input

The expectation of net returns and the variance of net returns to a
particular schedule can be used as an illustration. The principal
stochastic component of irrigation costs in a short-run context is the cost
of fuel. Since other usual production input costs such as fertilizer,
seed, and pesticides can be assumed to be nonstochastic (Dillon), the
stochastic component of net returns for a scheduled crop can be represented
by the gross receipts from the crop minus the stochastic portion of
irrigation costs. Furthermore, the stochastic component of net returns for
the firm can be represented by the weighted sum of the stochastic
components of net returns for each productive practice. The expectation
and variance of net returns can be computed following Goodman; Bohrnstedt
and Goldberger; and recently in the agricultural economics literature
Anderson, Dillon, and Hardaker; Tew; and Tew and Boggess.

If the farmer follows a fixed schedule throughout the growing season
which is based on some constant soil water threshold the covariance
relationships between crop price-water quantity, water costs-water
quantity, and crop yield-water costs are effectively zero. Consequently,
the expectation for a scheduled crop becomes:

ffi = (Pc)(Yc) + COV(Pc ,Y c ) - (Pw )(Q i ) - COV(Pw,Q0	 (1)

where ffi is the expected net return above variable costs for irrigation
schedule i, Pc is the price of the crop, Yc is the yield of the crop under
schedule i, Pw is the price of irrigation water applied and, Q i is the

quantity of irrigation water applied using schedule i.



The variance of net returns, assuming independence between the
components and a normal distribution for each component, is:

Vi i = V(PcYc) + V(PwQ i ) - 2COV(PcYi,PwQi)
	

(2)

and the variance of each component becomes, respectively:

V(PcYc) = (Pc ) 2V(Yc) + (Yc) 2V(Pc) + V(Pc)V(Yc)
	

(3)

+ 2E(Pc)E(Yc)COV(Pc,Yc) + COV2(Pc,Yi)

V(PwQ i ) = (Pw ) 2 V(Q i ) + (Q i ) 2 V(Q i ) + V(Pw)V(Qi)	 (4)

+ 2E(Pw)E(Q i )COV(Pw,Qi) + COV2(Pw,Qi)

The exact covariance between the receipts and cost products is:

COV(PcYc,PwQi) = (Pc)(Pw)C OV ( Y c,Qi) + (Pc)(Qj)COV(Yc,Pw) +
	

(5)

(Yc)(POCOV (Pc,Q0	 (Vc)(Q000V(Pc,Pw)

COV(Pc,POCOV(YcAi) + COV(Pc,Q000V(Vc,Pw)

Equations (3), (4), and (5) can now be used to evaluate the variance
of net returns for a particular irrigation schedule. The relative
contribution of each component variance to the general variance of net
returns was first examined by Burt and Finley and more recently by Boggess;
and Tew and Boggess.

Financial Risk and Irrigation 

A recent study by Boggess and Amerling evaluated the consequences of a
number of different schedules with respect to the feasibility of investment
in the equipment. The study considered four different sizes of irrigation
systems within the general center-pivot system type and with appropriately
calculated variable costs for each system. Following this study and an
earlier purchasing study by Robertson, Musser, and Tew the NPV of a
scheduled center-pivot irrigation system is:



NPVs = - (1-d)C0 + 1 2
1 

[Pt (1+fo) t - (IVC 1 - VPC 1 - Ot )(1+f i ) t	(6)
=

- At - Dt - is(d(IVCt + VPCt + Ot )(1+f i )] (1-4)/(1+kc)t

n (-Nt + Dt ) n ITCt
+ 2 +

t=1 (1+1(c) 1=1 (1+kc) t

[Sn -	 (C 0 -	 2 Dt)]
+	 .4 t=1 It

(1+kc)n

Sn

(l+kOn

where	 d = debt to assets or leverage ratio for the firm,

Co = initial cost of the irrigation system,

Pt = price of output in year t,

Yt = incremental yield due to irrigation in year t,

IVCt = irrigation variable costs in year t,

fo = annual rate of inflation in output prices,

fi = annual rate of inflation in input prices,

VPCt = increases in other production costs (e.g., fertilizer
and pesticides) in year t as a result of irrigation,

Ot = ownership costs, such as taxes and insurance associated
with irrigation system in year t,

At = interest paid on the irrigation loan in year t,

Dt = tax-related depreciation charged against the irrigation
system in year t,

= interest rate charged on operating capital,

I t = investor's marginal income tax rate in year t,

kc = investor's after-tax minimum acceptable nominal rate of
return,

N t = principal payment on the irrigation loan in year t,

ITCt = investment tax credit taken in year t,
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Sn = net salvage value of the irrigation system in year n, and

n = life of the system in years.

The key factors determining the degree of financial risk are the
expected returns and variability of returns to irrigation over the life of
the system. The results indicate that the financial risk in humid regions
is particularly sensitive to the sequence of weather years over the life of

the system (Boggess and Amerling).

In arid regions, institutional risks are generally a more important
concern (Bosch, Eidman, and Oosthuizen). Institutional risk includes
factors such as the adequacy of, access to, and quality of irrigation
water. As an example consider the depletion of groundwater aquifers and
the associated increased pumping costs and limitations on the rate of
pumping as one type. Another example includes possible enforcement of
acreage limitations on federal water projects, reduced public subsidies on
federal water projects, and reallocation of water rights from agricultural
to urban uses. Finally, environmental concerns and possible regulation of
irrigation to control salt concentrations and leaching of chemicals into
groundwater are also examples of this type of risk. In general, the
individual producer is unable to control or modify the particular sources
of institutional risk. However, research on ways to respond to or
ameliorate the effects of institutional risk would appear to be fruitful

areas for research.

Conclusions 

Agricultural firms are exposed to various types of risk from numerous
sources. In particular they experience a unique intensity of production
risk as a result of the biological nature of crop production. Evidence
clearly suggests that irrigation reduces production risk and facilitates
the use of price risk reducing marketing strategies. These reductions in
short-term risks (e.g., production and price) however may be offset by
increases in longer-run financial and institutional risks.

Further avenues of research take several directions. The principal
concern in production risk research involves improvement of the biological
simulators needed to analyze each schedule. In general, the simulators
used in scheduling research to date adequately model irrigated crop growth.
However, these models are limited due to a deficiency of good response
characteristics to pest infestations, various soil types, and
nontraditional cropping practices. The most serious limitation in the
scheduling studies examined in this paper and many other studies not
referenced here is an 'ex post facto' approach to the problem. Certainly,
an irrigator acquires additional information daily that could be used to
modify the schedule. In the current literature the effectiveness of a
schedule is modeled by imposing a fixed decision rule and evaluating the
outcome. The current crop simulating technology largely dictates this
result. However, as indicated earlier in this paper significant advances
have been made recently which allow nearly interactive irrigated crop
simulation. More research is needed which incorporates these simulators in
a more dynamic scheduling framework. The release of the independence
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assumption embraced in this paper in cooperation with a dynamic schedule
would be particularly fruitful.

Research on ways to reduce management risk are also needed. Expert
systems which incorporate interactive, dynamic simulations with expert
knowledge in a simple and accessible format appear to have tremendous
potential.

The whole spectra of longer-run financial and institutional risks need
analysis. How serious are these factors? What can be done to "manage" them?
Who is likely to be impacted? These and similar questions need to be
addressed.
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COMMENTS ON
"THE RISK ASPECTS OF IRRIGATION SCHEDULING: A FIRM PERSPECTIVE"

Tom McGuckin*

The paper "The Risk Aspects of Irrigation Scheduling: A Firm
Perspective" differentiates between short-term production and long-term
investment risk. The major conclusions of the paper are that, in semi-
humid and humid regions, producers reduce short-term risk by the investment
in irrigation systems and the adoption of irrigation scheduling, but the
higher capitalization increases the firm's long-term price risk. Is the
tradeoff between short- and long-term risk worthwhile?

The subject of irrigation is really immaterial in this analysis since
the same question is involved in all long-term capital budgeting in a
stochastic or uncertain environment. The major shortcoming of the paper
is that it does not present a clear methodology for analyzing the tradeoff.
The authors, as well as the entire spectrum of finance and capital
budgeting literature, do not have any clear cut answers. However, there
are several approaches that the authors could have explored more fully.

One approach would be to develop a probability distribution for net
present value (NPV) of irrigations and compare this to the NPV of returns
to non-irrigated farm. This approach, developed by Hillier and Hertz,
would consist of a Monte Carlo simulation of the NPV as developed by Tew
and Boggess over a multitude of different scenarios. 	 Interesting
characteristics of the distribution of NPV would be the mean variance, and
the probability that the NPV might not exceed zero. 	 Since the NPV of the

irrigation system is a measure of wealth, another interesting approach
would be to analyze the investment using second-degree stochastic
dominance,

i.e. E[u(NPVs)] > E[u(NPVa)]

where u: represents all concave utility functions

NPVs: is a random variable for the net present value of
irrigation system.

NPVa: is a random variable for the net present value of
non-irrigation farm returns.

The problem with both approaches is that density functions for
inflation and discount rates, admittingly stochastic variables, are
difficult to derive.

One alternative approach is to use market after tax discount rates to
derive the present value of certainty equivalent returns (Haley and Schall

*Tom McGuckin is an Associate Professor, Department of Agricultural
Economics and Agricultural Business, New Mexico State University.
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p. 190). Let Yt be the after tax cash returns of the irrigation system
and Xt be the net after tax cash returns of the non-irrigated farm. The
certainty equivalent is defined as

u(CEt ) = E[u(Yt - Xt)]

where Yt : is after tax net revenues associated with an
irrigation system

Xt : is after tax net returns without an irrigation system.

Since both cash flows are dated, the peculiarities of investment
credit, depreciation and capital gains as outlined by Tew and Boggess can
be included. The random nature of Yt and Xt would result from both
weather and price variability. The certainty equivalent for a given year
t could be estimated using a stochastic dominant bid price. 	 Assume the

Yt and X
i are observations in year t of after tax net returns for both

alternatives, arranged in increasing order, i.e.

X
i
 < X

1+1 
for i = 1...mX

t	t

where m is the number of observations for both Y t and Xt at t.

The second degree stochastic dominant bid price is determined as follows:

i
CEt = min 2 (Y

i
 - X i )/h	 i=1...m.

h h=1	 t	 t

where h: is an arbitrary index.

The certainty equivalent bid price outlined here is extremely
conservative. Risk adverse decision makers would be willing to pay such
amount in year t. The present value of the investment would be calculated
as

PV = -Co +
n

 CEt/(1 + r)t
t=1

where Co is initial investment

t is time

r is real market discount for agriculture (after tax).

The advantage of this procedure is that it establishes a minimum value of
the investment acceptable to all producers. Inflation risk and declining
real price trends are not included as risks, but obviously, the present
value of any investment is dependent on such trends. Even this approach
is incomplete.
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In conclusion, the authors may wish to further develop their research
by employing portfolio valuation techniques developed in the literature.
These techniques admittingly do not resolve complex risk issues in
investment but do provide some additional perspective on the desirability
of irrigation in semi-humid and humid regions.
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INTEGRATED PEST MANAGEMENT: RISK IMPLICATIONS
FOR NATURAL RESOURCES USE

Mark J. Cochran and William Boggess*

One of the topics of increasing importance to policy makers and
analysts is the role that risk management at the farm level may have for
the use of our natural resources. Much attention has been directed to the
risk aspects of Integrated Pest Management (IPM). This paper discusses the
methodologies, status, and problems of risk analysis in IPM.

To begin the discussion it is necessary to define what is meant by IPM.
McCarl (1981) defines IPM as "any and all combinations of various
techniques for the management of weed, insect, disease, and animal pest
problems within the context of the farming system." Often IPM contains as
a key ingredient the substitution of information on pest, predator, and
plant conditions for routine "calendar" sprays in a fashion that generally
reduces the amount of chemicals introduced into the environment. Risks
become important in IPM from several sources: the quality of the
information used; the substitution process itself; the insurance nature of
the calendar sprays; and the impacts that altered rates of chemical use
have on the production system and the surrounding environment.

However, even given the ubiquitous nature of risk in IPM and its
relative importance, there exists a relatively small proportion of economic
articles that deal explicitly with risk management. In the two most
complete reviews of economic IPM literature (McCarl; Osteen, Bradley, and
Moffitt), this situation is displayed. In the McCarl piece more than 500
articles have been reviewed and in the table displaying contributions to
risk management, under the areas of "topic discussion, applicable theory
and investigations in the IPM context," McCarl lists only fourteen
articles. In the Osteen et al. annotated bibiliography, there are 123
citings and of that total only ten are referenced in the decision theory
category. Fortunately, since these two works were published in 1981, there
has been considerable additional effort in the area.

Economic analysis of IPM under conditions of certainty is a difficult
task and the introduction of risk only compounds the problems. The
multidisciplinary nature of this research, coupled with the importance of
the intertemporal dynamics of the production systems, make IPM a very
challenging topic. Several years ago, Reichelderfer outlined a series of
pitfalls commonly encountered in this research and they are still timely
and should be reiterated here:

1.	 The use of proxy variables or the omission of variables by the
lack of data can distort results such that they must be
accompanied by strong qualifications;

*Authors are respectively Assistant Professor, Department of Agricultural
Economics, University of Arkansas, and Associate Professor, Department of
Food and Resource Economics, University of Florida.
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2. Production functions for pest control are unrealistic unless
yield is a function of pest levels--explicitly recognizing that
there exists a family of production functions for various
infestation levels;

3. Too often the net social welfare aspects of IPM are ignored;

4. Generalization and oversimplification are dangerous courses to
follow. Familiarity with one cropping system, region, or pest
- problem should not affect the perspective or approaches for
other situations;

5. Intertemporal aspects of pest control should not be neglected
in empirical work;

6. Use of the profit incentive in analysis may create problems--risk
perceptions or risk aversion are more compelling bases for pest
control decisions than profit maximization.

The last point is of interest to this paper but should be supplemented
with some insights on the difficulty of even conceptualizing the problem of
risk efficiency. First, we should recognize the existence of problems of
even as elemental nature as the definition of risk itself. Both inside and
outside the economic profession, there is some confusion. Ruesink
indicates that as a collaborating entomologist, it is often unclear to the
other disciplines what economists mean when they speak of risk. This is
little wonder since we as a group often do not agree. Robison and Fleisher
have discussed the proposed alternatives to measure risk. For our
purposes, we will focus upon the variation in outcomes, which in most cases
in the literature has been the variance. In some studies, the entire
cumulative probability distribution has been used to avoid problems with
assumptions of normality. Implicit in this latter approach is that
riskiness is dependent upon risk preferences (Robison and Fleisher;
Rothschild and Stiglitz).

Preferences for alternative actions have almost invariably been based
upon some form of the Bernoullian expected utility model (EUM). Very little
applied work in the IPM area has attempted to implement any of the
alternative models or to relax the basic axioms of the EUM such as
independence or transitivity.

COMMONLY USED METHODOLOGIES

There are many different methodologies that have been employed in
economic analyses of IPM. This study will review some of the more commonly
used ones. The articles reviewed here were selected as being somewhat
representative of the methodologies and no attempt was made to provide a
comprehensive review of the literature in the area. Readers interested in
such a review should consult McCarl and Osteen, Bradley, and Moffitt. The
methodologies to be discussed have been categorized into three major areas:
analytical models, empirical and simulation models, and risk analysis
techniques. In the majority of the cases, selected articles representing
each type of methodology do indeed consider risk, but in a few cases such
examples were not available so certainty models were discussed.
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Anal ytical Models 

Major contributions to the area of risk analysis of IPM programs have
been provided by the conceptual insights of analytical models. One of the
most insightful of these models is the work of Feder. He proposes a model
of the following form:

Max EU(TR-C) - aN[1-k(x)] - cx 	 (1)

where (TR-C) = profits realized with no pests

aN = pest damage with "a" being the damage per pest
and "N" being a measure of the pest population density

x = amount of pesticide applied

k(x) = kill function

c = cost of pesticide.

Feder then shows the impact on the production decisions of a risk-
averse firm when the three elements of a, N, and k(x) are allowed to be
random. He demonstrates that the optimal economic threshold, N*, will
change in the following ways: 1) it is lowered when the cost of the
pesticide is reduced; 2) it is lowered when the damage per pest, "a," is
increased; 3) it is lowered for increases in the pesticide's efficacy,
k(x); and 4) it is lowered when the variability of any of the three random
elements are increased.

Carlson (1984) extended the basic Feder model to account for some
additional complexities. His model adds four components to the original
model. These components are: 1) phytotoxic or growth stimulating effects
of the pesticides on the plants; 2) expansion of a, N and k(x) to vectors
a, N and k(x) to represent the presence of more than one pest species; 3) a
breakdown of TR into two random but occasionally interdependent variables -
- P(x) and Y(x) -- the price of the product and the base yield; and 4) the
addition of crop and variety selection as possible pest controls as well.
The variables P(x) and Y(x) are expressed as functions of x to capture the
notion that variations in regional prices and yields may not be independent
of "a" and "N." Often the impacts on price variations are related to
changes in the quality of products resulting from the success or lack
thereof of the pest control.

The Carlson (1984) model is stated as:

NR(A) = Al*[Ps*Ys - Cs] + A2*[Po(x)*Yo(x) - Co - 	 (2)

aN (1 - k(x)) - Cx] + A3*[PoYo - Co - 	 +

A4*[Po*Yo - aNr],

where	 NR(A) = profit resulting from actions A.

Po, Yo, and Co = prices, yields, and costs of principal or host crop

17



Ps, Ys, and Cs = prices, yields, and costs of the substitute or nonhost
crop

Al = acres in substitute crop

A2 = acres in major crop with pesticide

A3 = acres in major crop without pesticide

A4 = acres in major crop following rotation of substitute crop

= vectors of pest populations before or without rotation
density

Nr = vectors of pest populations density following rotation

k(x) = vectors of kill functions

Cx = cost of the pesticide.

In this model, Carlson (1984) has the following variables listed as
being random: Ps, Ys, Po, Yo, a, N, k(x), and Nr. In addition to the
findings of Feder, he suggests that the more uncertain the efficacy of the
rotation is in reducing the pest population, the longer the nonhost or
substitute crop should be grown.

More recently, Moffitt offers a model that suggests results contrary to
those of Feder and Carlson. He first distinguishes between the economic
threshold of the economists (Headley) and the action threshold of the
entomologists (Edwards and Heath). The former focuses on the dosage that
maximizes profit and defines the threshold as "the population that produces
incremental damage equal to the cost of preventing that damage." The
latter, by contrast, is concerned with the time at which a recommended
dosage should be applied. The threshold in this case is the "minimum
population level for which it is profitable to apply a prespecified, fixed
amount of pesticide."

The model proposed by Moffitt combines features of the two approaches
to threshold decision rules and introduces expected utility. It is depicted
as

E[U(a)] = f U[Py Y(B(D,B0))-vD-f]g(B0)dB0
	

(3)

+
T

 f U[PvY(B(0,130))]g(B0)dB0

where
U(.) = utility function

w = profit

T = pest population threshold
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D = dosage

P = price of output

Y = yield

B = pest population following pesticide treatment

Bo = initial pest infestation

v = price of pesticide

f = pesticide application cost

g(.) = probability of density function of initial pest
infestation.

First-order conditions suggest that the optimal, fixed dosage should
"equate in utility terms, the expected value of the marginal product when a
treatment is made with the price of the pesticide." The population
threshold is analogous to the action threshold except that it is now
defined in utility terms and uses the utility-maximizing dosage.

Moffitt concludes that risk aversion will result in larger optimal
dosages and thresholds than the case of risk neutrality. However, in
contrast to Feder, average pesticide use need not increase due to risk
aversion. It is possible for profit variability to be reduced by
increasing the dosage and treating less frequently. It is the dynamics and
the combination of dosage and threshold that may lead to the situation
where a decrease in a "risk-reducing" input may actually be preferred by a
risk-averse individual.

The final paper to be discussed in this brief encounter with the
analytical models of IPM research is one which introduces concepts of
public choice to suggest behavior resulting from the presence of
consumption externalities in IPM markets. Wetzstein (1981) proposes a
model that examines the need for market intervention arising from
uncertainty and the joint-impact nature of pest information. This model
defines the profit and utility functions as:

NR = P * f(x,z) - rx - wz	 (4)

and

U = U[E(NR)] + U2[E(NR)]*V(NR)/2	 (5)

where

NR = profit

P = product price

f(x,z) = production function
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x = vector of pest information inputs

z = vector of production inputs other than information

r = price associated with x

w = price vector associated with z

U = utility

V(NR) = variance of profit.

Wetzstein assumes that the pest information will function as a risk-
reducing input, but does caution that it is a matter for empirical
investigation. The conclusions deduced from this model are that: 1) as the
reduction in risk resulting from the pest information and the degree of
jointness approach zero, no market intervention is necessary; 2) as the
degree of jointness increases, equity concerns become more of a
justification for government intervention; and 3) increases in the actual
and perceived reductions in risk from the pest information produce
inconclusive results. Wetzstein's summary statement is that further
research is needed before definitive conclusions can be reached about the
wisdom of the government provision of pest information.

EMPIRICAL AND SIMULATION STUDIES

This section describes a broad cross-section of empirical articles and
is divided into several subsections. The subsections are: 1) Field and
Experimental Data; 2) Econometric Models; 3) Systems Simulation; 4) Linear
Programming Models; and 5) Optimal Control Dynamic Programming and over
Optimization Models. The subsections are not necessarily designed to be
mutually exclusive. Some articles could have been discussed in more than
one subsection, but generally were not. The first subsection is not
intended to be exhaustive or to imply that empirical studies appearing in
the following subsections do not use field or experimental data in some
fashion. Simulation studies are included in this section despite the fact
that many critics argue that they are inductive, not empirical, research.

Studies Using Field and Experimental Data 

The first category of empirical studies that should be addressed is
that which includes those works that use as their basic data source either
farm or experimental field data. While there are many examples of such
pieces, we will examine only a very few. Liapis and Moffitt provide one of
the few attempts to evaluate a biological control program. The study.
examines cotton production in southeast Arkansas. They use one year of
cross sectional data from twenty cotton growers with more than 1,000 acres.
From this data, they construct "two plausible density possibilities (gamma
and normal)" and examine the risk efficiency of four alternative management
strategies based upon these density functions and the exponential-utility,
moment-generating function (EUMGF). This risk analysis technique will be
discussed in a later section. The authors conclude that for agents with

20



risk aversion coefficients greater than .02, the biological control program
for Heliothis may be the preferred strategy. Net income estimates were
made on a per acre basis.

Hall (1977) evaluated the means and variability of yields resulting
from the use of commercial pest consultants by surveying users and non-
users in California citrus and cotton production. Interviews were
conducted from a stratified random sample with controls for non-respondent
bias. Response rates for the various crops included in the survey all
exceeded 31 percent. A total of five years (1970-74) of time series data
were collected for 44 cotton growers, 21 citrus producers, and two
individuals who produced both cotton and citrus. Hall (1977) showed that
there was no statistical difference in mean yields, but that the users of
the consultants had lower yield variability and used less pesticides than
the non-users. His data also illustrated great variability in means and

yield stability among the consultants.

Another study used much of the same data as Hall. Hanemann and
Farnsworth employed data from 44 cotton growers in the San Joaquin Valley
for the years 1970 to 1974. Growers were selected from a stratified random
sample. Of the growers, 16 used standard conventional practices without
pest control advisors and 28 were involved in IPM programs. Actual records
showed that there was no difference between the mean profits of the
conventional and IPM programs, while the variance in profits of the IPM
program was smaller than the variance recorded for the non-IPM group.
However, based upon the subjective assessments of the probabilities, it was
found that the IPM group perceived that IPM resulted in a higher mean and
an equal variance. The non-IPM group also had a different perception of
what was going on. They perceived that their conventional practices
produced higher means and lower variances. Hanemann and Farnsworth tested
the hypothesis that adoption of IPM might be a function of risk
preferences, but discovered no evidence to support the notion that one
group had any difference in preferences from the other. It should be noted
that the statistical tests employed ignored the intensity of preference.
Prospect theory was also examined as an alternative to the EUM. The
authors concluded that the most plausible explanation of adoption is not
found in differences in risk preferences or the use of alternative
criterion to the EUM, but is due to systematic differences in the
subjective probability assessments.

Carlson (1979) used primarily statewide data from the years 1926 to
1976 to demonstrate crop yield variability in various insecticide use
periods. The three use periods defined are: 1) pre-synthetic (1926-45);
2) high insecticide use (1946-68); and 3) lower insecticide use (1969-76).
He examines five crop/area combinations: cotton--all of North Carolina;
cotton--Halifax County, North Carolina; cotton--all of Mississippi;
peanuts--all of North Carolina; and tobacco--all of North Carolina.
Without exception the coefficient of variation has declined throughout the
three time periods. So even though the high use of insecticides during
1946 to 1968 may have contributed to crop stability in that period,
variation has continued to decline into the low insecticide use period.
Carlson suggests that this may be a result of many other management
practices, but IPM probably has contributed as well.
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Moffitt, Hall, and Osteen implemented their concept of the M-
threshold with data from a Georgia Experiment Station investigation of
lesion nematode control in irrigated corn in 1977. A sample of eight
observations on yield, nematode populations, and nematode treatments was
used. They discovered little difference in performance between the
strategies derived from the M-threshold concept and the more, traditional
derivation of the economic threshold developed by Edwards and . Heath.

In a study examining the risk implications of early termination of
cotton production in the Imperial Valley of California for pest control
purposes, Moffitt, Burrows, Baritelle, and Sevacherian used experimental
data for three years. Yield and variable costs were monitored for 15
commercial cotton fields for the years 1978-1980. They compared the
early termination program to the current practice of long-season cotton
with the EUMGF. With this technique, they could specify three different
possible density functions derived from the basic data set. They
selected a normal, a beta, and a gamma distribution for each practice.
From these distributions, nine comparisons of certainty equivalents were
possible. Moffitt, Burrows, Baritelle, and Sevacherian concluded that
the early season option will be preferred by those individuals with
absolute risk aversion coefficients greater than .004. The outcome
variables were expressed as per acre net returns above variable costs.

Econometric Models 

Several attempts have been made to estimate production functions for
pest control activities (see Carlson 1977). Generally, these attempts
have not addressed the risk implications of IPM and have instead
discussed the productivity of pesticides in an aggregate and static case.
Hall (1981), using the data previously discussed for his 1977 work,
estimated a number of models, and from the Glejser test suggests that a
"qualified conclusion that IPM as practiced by independent consultants
reduces economic risk to growers" can be reached.

Another study of note is a piece done by Farnsworth and Moffitt.
These authors use the Pope and Just production function to allow for
correct specifications of the impact of risk reducing inputs on the error
term of the functions. The model specified is of the general form of

Y = f(x,a) + h1/2(x,fl)c	 (6)

where
y = output

x = vector of inputs

(tog = vectors of unknown parameters

= error term.

Data for the model came from a survey of 41 cotton growers in the San
Joaquin Valley and are cross sectional for the year 1974. Inputs
considered include irrigation in acre-feet per acre, labor in dollars per
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acre, machinery in dollars per acre, fertilizer in pounds per acre, and
insecticides in pounds per acre. No inclusion of any measures of pest
densities was made. The authors interpret the results to conclude that
machinery is a significant risk-reducing input while irrigation is a
significant risk-increasing input. They also indicate that labor and
fertilizer reduce yield variability while insecticides increase it.

Systems Simulation 

One of the methodologies which has enjoyed a great deal of attention
in recent years is systems simulation. These simulations are usually
very large computer models consisting of series of difference and
differential equations specified to represent the biophysical processes
of crop growth and pest control. They have advantages of allowing
researchers to simulate a large number of decision strategies over a
variety of states of nature. From these states of nature, probability
distributions of outcome variables can be constructed and risk analyses
can be performed.

Cochran et al. (1982) used a systems simulation to examine control
strategies for apple scab, codling moth, and mites for Michigan apple
production. Strategies to control the pests independently and in
combination were examined. The model simulated twenty independent
seasons for each strategy specified. Sources of uncertainty included in
the model were: weather (daily maximum and minimum temperatures, daily
rainfall, and degree days accumulated prior to 3/31); yield; fresh,
processed, and juice market prices; emergence dates for mites and mite
predators; initial mite and mite predator populations; and scab infection
periods and damage. Results show that mean profit levels for the IPM
strategies are from 40 percent to 225 percent higher than the various
calendar spray approaches. Risk efficiency was examined with stochastic
dominance with respect to a function (to be discussed in a later
section). The conventional calendar schedule used to control scab is
risk efficient for risk preferences examined (-.001 to +.0015), but all
efficient sets had IPM members. When initial codling moth population
densities were set at high levels, the calendar moth strategies were also
risk efficient. Otherwise all members of the efficient sets had at least
some component of an IPM program. Outcome variables were expressed as
after-tax net income for a 10-acre block.

Lazarus and Swanson used a simulation study to look at the impacts
of crop rotations on the control of corn rootworm in Illinois. Two
different controls were considered: a single insecticide application and
rotation to a less profitable crop not affected by the pest. Sources of
uncertainty considered were errors in estimating the beetle population
size; variability in root damage and yield loss; and variability in crop
prices and undamaged yields. The crops studied were corn and soybeans.
Data to construct the model were obtained from various sources in
Illinois. A utility function based on the first two moments was
employed. It followed the form of EU(NR)=E(NR) - Ra*(Var NR); where Ra is

the risk-aversion coefficient. Three values were used for Ra: 0.0; 1.0;
and 2.0. Outcome variables were measured as before-tax net income for a
typical 600-acre Illinois farm. Threshold values were found for both
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controls and it was concluded that both the insecticide and rotation
threshold will increase as risk aversion is decreased. The result for
the insecticide threshold occurs due to a shift out of the rotated,
untreated soybeans to the treated corn crop as risk aversion is reduced.
This may be the result of the risk-reducing nature of crop
diversification.

Boggess et al. use the Florida Soybean Integrated Crop Management
Model (SICM) to evaluate strategies to simultaneously control the velvet
bean caterpillar, the corn earworm, and the southern green stinkbug.
Stochastic weather variables were introduced by simulating over the years
1954 to 1963. The model uses daily radiation, precipitation, and maximum
and minimum temperature. Independent, uniform distributions were assumed
to handle insect influxes and intensities. Strategies were constructed
using different combinations of scouting intervals, thresholds, and
pesticides. The forty strategies then were evaluated for risk efficiency
with second degree stochastic dominance.

Linear Programming Models 

Linear programming models have not been used to the extent that the
other methodologies have been employed. They do have advantages when it
is necessary to examine pest control in the context of a whole farm plan.
As Pagoulatos and Debertin point out, competition for labor and field
time factors may be as important to control selections as net returns to
isolated practices derived in a partial budgeting framework. Their study,
however, did not take into consideration any of the risk implications of
the competition and additional work needs to be done in this area.

0•ti al Contr 1 D namic Pro rammin• and Other 0 timi ation Models

Models falling into this broad category have been used in many
different analyses and pest/crop systems. The majority of the time these
models are not used to really examine the risk implications of pest
control strategies. The difficulties of capturing all of the relevant
complexities of pest control in an optimizing framework and still permit
the risk evaluations of the stochastic components probably accounts for
the paucity of articles in this category. One good example of this genre
of models without a risk analysis component is the alfalfa weevil model
of Gutierrez, Regev, and Shalit. The model has four main components: the
population dynamics of the weevil; the dynamics of the crop; the
pesticide induced mortality; and the evolution of resistance in the
weevil population. The authors identify optimal pest spraying rules for
both the single season and the long term with resistance development.

Taylor and Burt developed a partially decomposed stochastic
programming model to evaluate near-optimal multiperiod decision rules for
controlling wild oats in spring wheat in Montana. Decision alternatives
considered were fallow, use of a pre-emergence herbicide, use of a post-
emergence herbicide, and crop without use of a herbicide. The model uses
five state variables: 1) density of wild oats seed in the plow layer; 2)
whether land was previously cropped or fallow; 3) soil moisture level if
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a crop was grown the previous year; 4) the price of spring wheat; and 5)
the post-planting density of wild oats. Through the use of Markovian
relationships, the price of spring wheat and the stock of wild oat seeds
are allowed to become stochastic variables. Despite the introduction of
these stochastic elements, the majority of the analysis is concerned with
the maximization of expected profits. Apparently cumulative
distributions for the strategies can be derived with maximum likelihood
estimates, but no attempt was made to compare the distributions to
determine risk efficiency.

Zacharias et al. (1986) present a stochastic dynamic programming
analysis of the soybean cyst nematode problem in Illinois. By adjusting

the transition probabilities, a test of the hypothesis of Antle (1983)
can be made. This hypothesis suggests that even risk-neutral decision
makers respond to risk in dynamic, sequential decision processes. By
increasing the variability associated with using a resistant soybean
cultivar, these authors uncover support for the hypothesis. The
increased variability produces a new optimal solution which substitutes
corn for the resistant cultivar.

Risk Anal y sis Techniques 

There have been several risk analysis techniques that have been
frequently used in the IPM area. They are stochastic dominance, mean
variance analysis (EV), the Exponential Utility Moment Generating
Function (EUMGF), saftey first/disaster avoidance rules, and Bayesian
analysis. There are a substantial number of examples of the first two
techniques, while only a few studies have made use of the latter two.
Furthermore, safety first rules have usually been employed in combination
with analyses utilizing other techniques.

Stochastic Dominance 

In reality, rather than being a single technique, stochastic
dominance is a family of techniques that permit the implementation of the
EUM with various degrees of imprecision in the representation of the
utility function. The utility functions are usually represented with
either implicit or explicit bounds on the Pratt/Arrow risk aversion
functions. Stochastic dominance techniques operate in such a fashion as
to reduce a choice set of alternative strategies down to a smaller subset
in a way that insures that the strategy with highest expected utility
will be included in the subset. The subset is called an efficient set
and all of its members are declared as risk efficient, given the
information available on preferences. Strategies not appearing in the
efficient set are risk inefficient. The three most commonly used
stochastic dominance techniques are first-degree stochastic dominance
(FSD), second-degree stochastic dominance (SSD), and stochastic dominance
with respect to a function (SDWRF). The latter technique is also
referred to as the Meyer Criterion or as generalized stochastic
dominance. Each of the techniques can represent a different set of risk
preferences. FSD defines an interval of preferences that includes all
rational preferences where more is preferred to less. SSD represents the
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preferences of all risk-averse decision makers. SDWRF uses a risk
preference interval that has been defined by the researcher to balance
the costs of Type I versus Type II errors. Convex stochastic dominance
has also been employed by Cochran et al. (1985). This latter technique is
used to refine the efficient sets of the other techniques and as such
employs their risk preference intervals.

Moffitt, Tanigoshi, and Baritelle evaluated the risk efficiency of
eight citrus thrips control practices for southern California orange
groves. They ranked the strategies by expected profit, first-degree
stochastic dominance, and second-degree stochastic dominance. Only two
of the eight strategies in the choice set were rejected as being
inefficient by FSD, while the efficient set for SSD contained three
members. The members are: 1) the conventional foliar, a Dimethoate
spray; 2) a ground spray of FMC35001 (IPM); and 3) removal of host ground
cover through irrigation and annual weed herbicide applications (IPM).

Musser, Tew, and Epperson contrasted risk efficiency results of FSD,
SSD and E-V analysis. The problem area identified was the selection of
four different levels or intensities of pest control for a Georgia
cropping system consisting of turnip greens, field corn, and southern
peas. Data were developed from experimental plots with six replications
in a randomized block design that were repeated for five years during
1975-79. The management level representing the most intensive use of IPM
dominated the other three alternatives by both FSD and SSD.

Stochastic dominance with respect to a function was applied by
Zacharias and Grube to rank strategies which combined weed control
programs with various crop rotations. Data to construct the probability
distributions were obtained from a ten-year herbicide use and crop
rotation experiment performed in Urbana, Illinois during the years of
1966 to 1975. By varying the risk preference interval, Zacharias and
Grube approximated FSD and SSD. In addition, they ranked strategies for
three other risk preference, intervals. The efficient set identified for
FSD contained five members from the original choice set of nine. The
results for SSD produced a slightly smaller efficient set of two members.
The very narrow interval defining the class of decision makers
approaching risk neutrality (-.000001 to .000001) identifies only a
single strategy as risk efficient--the corn-corn-soybean rotation with
each crop receiving one major herbicide application. The identical
results were obtained for the risk-averse group (.000092 to .0035) while
the risk preferring group (-.00024 to -A035) had a different strategy
which produced the greatest expected utility--the two years of corn and
one year of soybeans with varied herbicide applications.

Cochran et al. (1982) also ordered a series of apple pest control
strategies with SDRWF. Strategies examined were IPM controls using
different threshold levels, scouting intervals, and biological control.
Probability distributions for the strategies were determined by
simulation runs with a systems simulation model developed for western
Michigan. The bounds on the risk preference intervals were set with
information obtained from interviews with Michigan farmers using the King
and Robison interval elicitation technique. It was determined that an
interval of the width of -.001 to .0015 should contain the preferences of
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about 85 percent of the farmers. This interval was measured at incomes
approximating the after-tax family income derived from the farm. After-
tax net returns per 10-acre block were used as the outcome variable. For
the scab control strategies the efficient set for this wide interval
contained seven of the ten members of the choice set. This lack of
discriminatory power should not be too surprising given that the width of
the interval was intended to include practically all of the observed
preferences. A smaller interval (.0001 to .0003) produced a single
preferred strategy, the eradicant IPM program. The efficient set for the
wide interval was also refined to a manageable number of three by
employing Convex Stochastic Dominance (Cochran et al. 1985). This
reduction in the efficient set resulted not by narrowing the risk
preference interval and increasing the probability of a Type I error but
by relaxing the consensus requirement imposed by the pairwise comparisons
of FSD, SSD, and SDWRF.

E-V Analysis 

Most examples of E-V analysis in the IPM area have simply made
comparisons between the means and variances of strategies and employed
the simple rule that for dominance to occur a strategy must have a mean
which is lower for equal variances. The rule can alternatively be stated
as a dominated strategy will result when means are equal and variances
are larger.

Musser, Tew, and Epperson, as mentioned before, contrasted E-V
analysis with FSD and SSD. With the latter two criteria, the choice set
of four was reduced to one efficient strategy. However, with E-V
analysis, there are two distributions which are efficient. This occurs
since intensity level 2 has both a lower mean and a lower variance than
intensity level 4, the preferred alternative identified by the stochastic
dominance criteria.

Lazarus and Swanson, by defining a utility function of the form of
EU(NR) = E(NR) -Ra*Var(NR), are using a special version of E-V analysis.
It is merely more constraining in the way that expected returns are
allowed to be traded with the variance or the risk. The results of this
study have already been briefly summarized.

Hall (1977) compared the means and variances of the yields of the
cotton and citrus growers in California in an E-V analysis context and
concluded that the services of pest management consultants would result
in greater utility since the means were equal and the variances for the
user group were lower than the variances for the non-users group.

Exponential Utility, Moment Generating Function 

One of the more recently developed risk analysis techniques has been
the exponential utility, moment generating function (EUMGF) introduced by
Yassour, Zilberman, and Rausser. This procedure permits the researcher
to specify an exponential utility function and a probability density
function. From this information a complete and unique ranking of the
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strategies is produced. Strategies are ranked on the basis of the
certainty equivalents calculated by the EUMGF. By varying the
specification of the probability density functions, sensitivity analysis
on the importance of deviations from the normal distribution can be made.
Examples in the IPM literature have specified gamma and beta
distributions in addition to the normal distribution. A similar
sensitivity analysis can be performed on the risk preferences by
systematically changing the risk aversion coefficients specified in the
exponential utility function.

Liapis and Moffitt used the EUMGF in their analysis of the
biological control program in Arkansas cotton production. They specified
normal and gamma probability density functions for the four alternative
strategies examined. The certainty equivalents were calculated for the
two functions as follows:

CE(gamma) = [(1/r)*(E(NR)/SNR)2]*ln [1+(S NR 2/E(NR))r]	 (7)

CE(nor)	 = E ( NR )-( r/2 )( S NR 2 )	 (8)

where

r = absolute risk aversion coefficient

E(NR) = expected profit

S NR	 standard deviation of profit

r = coefficient of absolute risk aversion.

Moffitt, Burrows, Baritelle, and Sevacherian introduced the use of
the beta distribution to supplement the EUMGF sensitivity analysis
performed with the gamma and normal distributions. The beta distribution
can assume a variety of shapes, depending on specified parameters, and
hence is much more flexible than the other two distributions. The three
crucial parameters of the beta, p, q, and b, can be estimated with the
sample mean, the variance, and the third moment of the distribution. The
derivation of the certainty equivalent and a more complete description of
the use of the EUMGF with the beta can be found in this article.
Certainty equivalents are calculated for the normal, gamma, and beta
specifications of the probability density functions using 18 different
risk aversion coefficients ranging from 0.00 to .08. Outcome variables
were expressed as per acre net returns above variable costs. The early
season IPM strategy is preferred when r is less than .004, but at values
greater than that the conventional long-season practice may be ranked
higher for the normal and gamma distributions.

Ba yesian Analysis

Bayesian analysis has often been used to rank pest control
strategies in the presence of risk. Typically, they have tended to use
loss functions consistent with certainty equivalents or have estimated
the value of the additional information frequently employed by IPM

28



strategies. Gold and Sutton examined the control of sooty blotch and
flyspeck diseases on North Carolina apple orchards. Independent of risk
aversion, they uncovered an asymmetrically loss function and concluded
that uncertainty leads to an increased use of chemicals. Once again,
support for Antle's notion that risk is important even in the absence of
risk aversion. The adjustment of spray schedules dependent upon
information regarding the condition and the value of the crop could be
considered an IPM strategy. As such, the value of the information, as
uncertainty is introduced, depends upon the historical performance of the
orchard with regard to fruit quality. The value of information ranges
from zero for orchards consistently producing high-quality fruit to
$180/acre for orchards with consistent records of low-quality fruit.

Thornton and Dent discuss an evaluation of brown rust control
practices in New Zealand. Using a combined Bayesian and simulation
approach to adjust probabilities, they identify optimal decision rules
for both risk neutrality and single-valued utility functions elicited for
12 farmers. They estimate that the probability of a weather pattern
which would result in a utility-maximizing decision different from the
profit-maximizing one is only 0.06. In this case, the addition of
personalized utility functions did not seem to enhance the analysis at
all.

STATUS OF THE RESEARCH FINDINGS

In 1984 Carlson summarized the status of the risk research findings
IPM. This review will resummarize the work of Carlson and bring it back
up to date. Readers are encouraged, however, to refer to the excellent
article by Carlson. The findings are illustrated in Table 1. As can be
seen in Table 1, the majority of the evidence demonstrates that
pesticides generally have a negative impact on risk, as do scouting and
rotations. The cautions of Reichelderfer should be re-emphasized here.
It is very presumptuous to generalize across pest and production systems.
However, in many cases it appears that pesticides and several IPM tactics,
like scouting, function as risk-reducing inputs.

Several hypotheses have been posited about the impact of risk on
firm level pest management decisions. They include:

1. IPM is a risk-increasing input and prophylactic, preventive or
calendar-based controls are risk-reducing inputs.

2. As risk aversion increases, the optimal economic threshold
should decrease

aE.T. 

8r(x) < 0

where

E.T. = economic threshold

r(x) = Pratt-Arrow absolute risk aversion coefficient.
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3. As risk aversion increases, the optimal frequency to monitor
pest, predator, and plant status is increased.

8Sampling Frequency

8r(x)	
> 0

4. As risk aversion increases, the amount of pesticides used
should increase.

aPesticides 

ar(x)	
> 0

5. The variability in the efficacy of the pest control should be
positively related to amount of the pesticide used.

aPesticide 

au2k	 > 0

6. The variability in the damage caused the pest should be
positively related to the amount of the pesticide used.

aPesticide 

acr2d	 > 0

The evidence for the various hypotheses can be summarized from the
information appearing in Table I. Of the 13 studies that examined if IPM
was indeed a risk-increasing input, 9 found IPM strategies to be risk-
efficient alternatives, 3 were inconclusive, and one study found IPM to
be risk-increasing. The relationship between the economic threshold and
degree of risk aversion was addressed by two analytical and one
simulation study. Feder indicates that the relationship should be
inverse while Moffitt advocates that risk aversion requires a larger
economic threshold than under risk neutrality. Cochran et al. (1982)
displayed- simuiation results that the degree of risk aversion had little
effect on the optimal economic threshold.

Three studies explored the relationship between the sampling
frequency and risk aversion. Cochran et al. (1982), Moffitt, and Gold
and Sutton all support the hypothesis that as decision makers become more
risk averse, they will prefer more frequent scouting or monitoring of the
plant, pests, and predators.

The impact of risk aversion on the total use of pesticides was
examined by 11 differant studies (Table 1). Seven studies provide
evidence that risk aversion increases pesticide use while two demonstrate
contrary results, one is inconclusive, and another found no relationship
at all.

Two articles studied the implications of variability in the efficacy
of pest controls on pesticide use. Feder and Carlson (1970) both
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Table 1. Sources of Risk, Utility Formulations and Evidence on Risk Effects of Pest

Control Inputs     

Marginal Risk
Effects

Pesticides	 Other   
Sources of

Risk Considered Crop
Utility

Formulation    

Carlson (1970)*
Carlson(1979)*
Cochran et al.(1982)*
Feder(1979)*
Hall(1977)*
Lazarus,Swanson(1983)*
Moffitt et al.(1982)*
Musser et al.(1981)*
Farnsworth and
Moffitt(1981)
Hannemann and
Farnsworth(1981)

Zacharias,Grube(1984)
Boggess et al.(1984)
Moffitt et al.(1983)
Moffitt et al.(1984)

Zacharias(1986)

Gold(1986)
Thornton(1984)
Moffitt(1986)

N,K
N
N,P,Y,d
N,d,k
N
N,d,P,Y

N

N,Y

N,Y
N,Y
N,Y

d

N
N
N

peaches
cotton
apples
none
citrus,cotton
corn,soybeans
soybeans
vegetables,corn

cotton

cotton
corn,soy,wheat
soybeans
oranges
cotton

soybeans

apples
barley
none

EV,DA
EV
EV,SDWRF,CSD
MPS
EV
EV
EV,SD
EV,FSD,SSD

P&J

EV	 scouting	 -

SDWRF	 rotation	 -

SSD	 scouting	 -

SSD	 ground cover -

EUMGF	 early
termination ?

Neutrality	 -	 resistant +
cultivar

Neutrality
SVUT	 0

EV	 ?

scouting	 -
scouting	 -
scouting

scouting
rotation
scouting	 -
scouting

*Carlson (1984) p.173; N = pest population, d = damage per pest, P = product prices, Y = yields,
k = kill function, EV = Mean Variance Analysis, DA = Disaster Avoidance, SDWRF = Stochastic
Dominance With Respect to a Function, CSD = Convex Stochastic Dominance, MPS = Mean Preserving
Spreads, FSD = First Degree Stochastic Dominance, SSD = Second Degree Stochastic Dominance, PJ =
Pope and Just Production Function, EUMGF = Expected Utility Moment Generating Function, SVUT =

Single Valued Utility Function.



support the hypothesis that increased variability will result in
increased pesticide use. Related to this hypothesis is the notion that
increased variability in the damage caused per population unit of the
pest will lead to increased pesticide use. Feder supports this
hypothesis as well. Zacharias, Liebman, and Noel indirectly support it
by demonstrating that increased variability in the damage function
produces a shift from the resistant cultivar to a rotation.

CURRENT AND FUTURE PROBLEMS IN IPM RISK ANALYSIS

Johnson identifies three criteria to test for objectivity in
research. His tests are: 1) a test of coherence, 2) a test of
correspondence, and 3) a test of clarity. The first two tests can be
recognized as deductive and inductive reasoning. It appears that the
profession has attempted to incorporate both of these tests into its
research in the IPM area. This paper has summarized both the analytical
and empirical models that have been commonly used. This section of the
paper will briefly discuss a few of the concerns that must be addressed
in future research to really achieve the notions of objectivity that
Johnson sets as a standard. This section is divided into three parts:
risk analysis, regional versus farm level analysis, and the public good/
externality issues.

Risk Analysis 

Estimation of the Probability Distributions 

A topic that deserves much closer scrutiny if we are truly going to
achieve a high degree of objectivity is the estimation of probability
distributions of the outcome variables. Much of the risk analysis in IPM
has as its objective predictions of adoption of the new technologies.
However, with the exception of the work by Hanemann and Farnsworth it
appears that we too readily have ignored the possibility that there may
exist important differences between the probability distributions derived
from historical records or simulation models and the subjective
assessments of probability that farmers are actually using. Even though
there is still much to be done on risk attitudes, we may have reached a
point that there exists an imbalance in the attention that is paid to the
risk preference side of the EUM and that which is paid to the probability
side of the problem. We likely need to develop techniques that will
permit interval or imprecise measurements of probability much the same
that we now have for the risk preferences.

Differences in historical distributions must also be recognized.
Particular attention must be paid to the use of countywide average
distributions. Capstick and Cochran found a strong tendency for much of
the risk inherent in cotton yield distributions to be lost in the
averaging process used to construct county distributions. This is
certainly intuitive since most of us recognize that not all farmers
experience bad seasons in the same year. Futhermore, this study
documented that there is significant difference between yield
distributions for farmers in the same county. The use of one single
probability distribution to predict farmers' behavior or welfare is very
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naive--particularly when that distribution is derived from experimental
data or from a simulation model that has not been thoroughly validated
for the site or system in question.

Along the same lines, it is of concern to these authors that many
studies have attempted to use cross-sectional data from a single year to
build probability distributions and assume that these distributions
capture relevant sources of uncertainty for a particular farm. Many of
the more important sources of uncertainty in pest management, like pest
infestation rates and influxes, the weather, prices, and yields, will
likely vary more for a particular farm through time than they will across
farms in a given year. Regardless of the directions of the difference,
it is important to recognize that longitudinal and cross-sectional risk

are distinct.

The common use of system simulation models for generating
probability distributions forces an evaluation of what is actually
contained in the models. There are those critics who feel that
simulation models are not empirical research at all. These critics
suggest that the models are really "if" statements, very complicated "if"
statements and usually of several thousand lines, but nevertheless "if"
statements. Focusing only on the "then" portion of the model--the model
results--is not really very informative. Without an appreciation of what
is actually contained in the "if" portion, the results cannot be properly
interpreted. Unfortunately the major communication devices in the

profession, i.e. the journals, are not particularly well suited to
documenting model structures. Other, more lengthy, communication outlets
must be identified and utilized if these models are to fulfill their
potential as research tools.

The sources of uncertainty in the simulation models are one area
where more attention to documenting model structure needs to be placed.
Possible sources of uncertainty that can be represented in these models
are: prices, yields, weather, crop phenology, pest damage, pest
population densities, pest emergence or influx, chemical effectiveness,
scouting, and non-uniformity across fields. Underlying distributions and
correlations between random variables need to be carefully described.
Identification of data sources used to construct distributions is
essential. The results of any risk analysis cannot be credible without
such a discussion.

The model structure needs the stochastic elements clearly delineated
from the deterministic components. Occasionally, a simple statement that
a given variable is random may not be sufficient to communicate exactly
how the uncertainty is being introduced. For example, a common practice
to introduce pest emergence is to periodically initialize population
densities at specific Julian dates. Even with a description of the
underlying probability distribution it may be unclear whether or not
there is any attempt to interpolate population densities for the
intervals between the specified dates. Such clarifications must be made.

Another concern in the area of the estimation of the probability
distributions is whether or not the more complex issues of multipest,
multicrop interactions are being handled in an adequate manner. Recent
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studies (i.e. Hatcher et al.) are beginning to address such questions,
but the matter is by no means thoroughly investigated. Migration from
alternative hosts is one example of the complex issues which may only be
treated in a system simulation context that will likely prove to be much
larger than the already large models we are accustomed to dealing with.
Risk analyses which ignore these issues may prove to be inadequate, as
the results of Lazarus and Swanson demonstrate with the riskiness of
using corn rootworm insectides.

Similarly, the question of resistance management and intertemporal
risk remains of the horizon. While some studies have examined the issue
of resistance management in the certainty case, very little has been done
in a risk management context. This area is further complicated by the
common property aspects of the use of the resource of susceptibility to
existing chemicals.

Finally, one major criticism of farm-level risk analysis in general
remains. Researchers have a tendency to slice off a very small portion
of the overall farm management problem and thoroughly analyze it in
isolation from the rest of the farm management responsibilities. The
probability distributions estimated in this isolation may not be at all
representative of the actual choices faced by a farm decision maker.
Robison in his appraisal of the EUM pointed out this problem in a
slightly different context. He was looking for validations of the EUM,
but encountered very few examples of "empirical" tests that had actually
examined the choice set facing farm managers. In the IPM area we are
likely guilty of the same transgression--we attempt to make predictions
of strategy selection without verifying that the research even
reconstituted the choice set for the decision makers of concern. There is
reason to believe that there are significant interactions between the
risk management decisions for pest control, other production activities,
marketing, and financial management. We should be analyzing these
interactions in a whole farm context before too many conclusions are
drawn and efficient management strategies are recommended for individual
pieces. These interactions may explain differences between observed
behavior and the results of our risk efficiency studies.

Risk Anal ysis Techniques

None of the problems encountered in the risk analysis of IPM are
necessarily unique to this subject matter. Most of them are of a general
nature that plaque any applied risk research. First on the list of
concern has to be validity of the EUM. Schoemaker assessed the EUM and
concluded that it has been used with varying degrees of success in three
main areas: I) as a descriptive tool, 2) as a predictive tool, and 3) as
a presriptive tool. He suggests that it is most appropriate for
prescription and least appropriate as a descriptive model. Researchers
are currently attempting to improve on the basic EUM by relaxing some of
the axioms and converting to multi-attribute functions which distinguish
between a preference for or against risk and the marginal utility of
money. It is quite likely that in the near future we may be discarding
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much of the "empirical" research results produced in the recent past and
reanalyzing the same problems with behaviorial models which could yield
new more insightful findings.

Other concerns that require attention are related to the use of
stochastic dominance techniques. While stochastic dominance does enjoy
the very big advantages of permitting the imprecise representation of
risk preferences and the avoidance of assumptions of normality, it still
has some practical problems that should be resolved. Stochastic
dominance techniques are designed to identify differences in the expected
utilities of alternative management strategies for a given set of risk
preferences. However, there is no easy procedure to currently test if
the differences in the identified expected utilities are indeed
statistically significant. Any differences in the probablitiy
distributions are recognized without regard to any possible measurement
errors. Particularly when the distributions are generated with simulation
models or scant data sets, it is unreasonable to blindly accept that they
have been described without error. Risk efficiency that is commonly
reported may not be actually justified.

A second problem with implementation of SDWRF is the selection of
appropriate risk aversion coefficients. It should be recognized that
while the Pratt/Arrow absolute risk aversion functions are not affected
by linear transformations of the utility scale, they are affected by
transformations on the income scale. These coefficients do indeed have
units--they are the percent change in marginal utility per dollar (or
unit of the outcome variable). Appropriate values for after-tax farm
incomes are likely not to be appropriate for per acre returns over
variable costs (Raskin and Cochran).

Finally, concern must be expressed at potential abuses of the EUMGF
approach. Without sufficient care in the sensitivity analysis on the
risk preferences it appears that many of the pitfalls of the single-
valued utility functions could resurface. The tradeoffs between Type I
and Type II errors should be paramount in the selection of the risk
aversion coefficients. Furthermore, there is some evidence to suggest
that empirical distributions are preferred to specifying a particular
family of distributions and fitting the data to it (Pope and Ziemer).

Regional Versus Farm Level Risk 

Insufficient attention has been placed on the regional risk
implications of pest control issues. The vast majority of the research,
as evidenced by this brief review, has been directed towards farm-level
risk analysis. Weisz, Miller, and Quinby did examine the regional risk
effects of a ban on the use of toxaphene with the POLYSIM model, but this
is probably a rare example of this type of research. The removal of the
use options of risk-reducing inputs and the promotion of IPM in general
need to be evaluated in a risk context for likely impacts on the regions

and the entire country.
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Public Goods/Externality Issues 

Despite the fact that a large investment of public research dollars
has been made in IPM research, with one of the goals being to reduce
externality problems, very little economic research has been
accomplished. The analytical model by Wetzstein is a good example of the
type of work needed to address part of the public good problems
encountered in IPM, but additional research is needed, particularly of an
empirical nature.	 Headley presents an analysis of the externality
problem of accidental poisonings from pesticides. It is a seminal piece
and as such is a crude approximation. This work needs to be extended and
the risks of additional environmental threats should be eventually
documented. We should probably strive to provide public decision makers
with the same type and amount of information that we currently are
producing for farmers on risk management issues at the firm level.

SUMMARY

There has been considerable research activity in the risk analysis
area of IPM, particularly in the last several years. A wide variety of
methodologies and production problems have been investigated. Evidence
is developing that suggests that pesticides, scouting, and rotations are
generally risk-reducing inputs. In some cases, though, IPM programs
reduce both risk and pesticide use. In other cases IPM may not prove to
be a risk efficient option at all.

Many problems do remain in this area; so many so that challenges for
future researchers should not be scarce. Attention definitely should be
placed on how probability distributions are estimated and used. Further
neglect of the differences in the subjective assessments and historical
distributions for predictive models can no longer be tolerated. Risk
analysis in general is likely to undergo some major transformations in
the next ten years and IPM researchers need to implement superior
techniques as they become available. Despite the fact that many
methodological deficiencies remain, the last decade has been marked by
some real advances and the challenges of future research can be faced
with some pride in the progress recently achieved.
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COMMENTS ON

"INTEGRATED PEST MANAGEMENT: RISK IMPLICATIONS FOR NATURAL RESOURCES"

Michael E. Wetzstein*

Mark Cochran and William Boggess accumulated the basic elements
required to establish a framework for assessing risk implications in
integrated pest management (IPM). I will attempt to provide a catalysis
for their efforts. Hopefully, this will result in an assessment of issues
and research output in this area.

There exist two pathways in assessing IPM research associated with
risk. The first is what I will call the "Miranowski" pathway. This
pathway investigates the impact assessment of IPM not only on the level of
output or profits, but also on the technology set. An example is
consideration of the linkages among irrigation, IPM, and soil conservation
in a production system. This is the essence of the symposium, and John
Miranowski, in his synopsis, will provide such a linkage. Miranowski
defines this as integrated crop and pest management (ICPM). This is not to
be confused with Intercontinental Ballistic Missiles (ICBM), although the
objectives of the two acronyms, suppressing a pest population, are similar.
Thus, as suggested by Miranowski, researchers should broaden their research

emphasis and consider the total crop system.

Cochran and Boggess' paper follow this "Miranowski" pathway. They
state that a major criticism of farm-level risk analysis is the tendency of
researchers' to slice off a very small sliver of the overall farm
management problem and thoroughly investigate it in isolation from the rest
of the system. This may be generally true; however, let us not forget the
scientific method of investigation. Our objective as scientists is to
abstract from reality, allowing for the testing of hypotheses and
attainment of a conclusion set. I can cite many cases where attempts at
ICPM have failed because of insufficient understanding of the linkages
within a system. I know from personal experiences that attempting to
launch an ICPM with black boxes and arm chair research will result in

flight termination.

The second pathway in assessing IPM research associated with risk is
the relationship of information in the production system. Cochran and
Boggess mention in passing that risk becomes important in IPM when
consideration is given to the quality of information. Unfortunately, they
choose not to follow this pathway. Quality of information in IPM
associated with risk is worth investigation. Producers confronted with
pest management problems must continually update information on the state
of the crop, the level of pest infestation, and other factors to modify
their conception of the evolving state. Antle presents various sequential

*Michael E. Wetzstein is Associate Professor, Department of Agricultural
Economics, University of Georgia.

41



solutions to decision problems based on the type of information utilized in
a system and so we will name this information pathway the "Antle" pathway.
Relating recent work in IPM to the sequential production information
literature clearly reveals research gaps between current production theory
and IPM research. For example, anticipated revision, Antle's last
information classification, has not been addressed in the IPM literature.

Antle's pathway is directly linked with IPM evaluation and assessment.
For example, research by Douce et al. has assessed the degree of IPM
information utilized by producers in decision making. Further, Cochran and
Boggess state that defining risk can be a problem. McCarl and Musser have
noted there exists other elements in the production system which explain
behavior besides risk preference. By considering IPM in terms of the Antle
pathway, one could define IPM risk and account for these other elements.
Thus, the catalyses required to establish a framework for assessing risk
implication in IPM are the Miranowski and Antle pathways.

Two additional comments associated with Cochran and Boggess' paper are
worth noting. The first comment is related to stochastic dominance with
respect to a function (SDWRF). One reason given for employment of SDWRF is
to further reduce the efficient set. Cochran and Boggess suggest that
there exists significant errors in employing stochastic dominance. If so,
a further reduction in the efficient set by SDWRF is questionable. SDWRF
reduces type II errors at the risk of increasing the probability of a type
I error. An argument can be made that type I errors, rejecting the null
hypothesis that two alternatives are equal when it is true, may be more
costly than type II errors, the acceptance of the null hypothesis when it
is false.

The second comment is in terms of county-wide averages. Employment of
aggregate data may or may not introduce substantial bias in an analysis.
If a decision maker is concerned with aggregate effects of a particular
policy, then the aggregate data set is very appropriate for determining a
probability distribution. Finally, I share Cothran and Boggess' concern
with the use of cross-sectional data in measuring production risk.

In summary, I very much appreciated the opportunity to discuss this
paper. The paper provides new insights into the problems of IPM and risk
analysis. However, I have just one question. Musser et al. concludes that
beliefs about risk are not related to adoption of IPM. Thus, is this whole
discussion just an academic exercise?
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INCORPORATING RISK INTO SOIL CONSERVATION ANALYSIS

by

Douglas L. Young and Randall A. Kramer*

Introduction 

Farmers' decisions concerning soil conservation often impose
externalities on the general public. Changing these decisions is
difficult, however, because they are made in response to the varied goals
of thousands of individual farmers. Taxpayers incur costs for cost sharing
and other programs to mitigate environmental degradation and long-term
productivity decline consequences of these private decisions. These policy
incentives are only part of the determinants of farmer behavior. Often a
sense of land stewardship, community status, short-run business
constraints, or general preferences for income or production system
stability (i.e., risk aversion) will influence or even dominate these

decisions.

Several factors contribute to the importance of risk preferences in
decisions regarding soil conservation. First, conservation practices often
represent a marked departure from traditional practices. As such,
practices such as no-till farming may encounter the innate conservatism of
many people. New soil conserving systems might be perceived as being more
risky whether they "objectively" are or not.

Second, structural practices such as terraces, grass waterways,
sediment ponds, and tree windbreaks involve "up front" investments (net of
any government cost sharing) that increase financial risk. With some no-
till drills costing in excess of $100,000, even non-structural conservation
systems such as reduced tillage can markedly increase a grower's leverage

ratio and financial risk.

Third, government price and income "stabilization" programs for many
commodities directly influence both risk and incentives for soil
onservation (Batie; Benbrook; Hoag, Taylor, and Young; McSweeny and
ramer; Ogg and Zellner).

Consequently, consideration of risk and farmers' risk preferences is
likely to be crucial for both designing cost-effective soil conservation
policies and in providing useful management advice to farmers. Society has
an important stake in the quality of this analysis both because of (1) the
long term social costs of suboptimal private decisions regarding soil
conservation, and (2) the potential waste of taxpayer dollars on poorly
designed and cost ineffective conservation and commodity policies. Failure
to properly consider risk as well as expected profit could represent one

*Douglas L. Young and Randall A. Kramer are Professor and Associate
Professor in the Departments of Agricultural Economics at Washington State
University, Pullman, and Virginia Polytechnic Institute and State
University, Blacksburg, respectively.
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explanation for why past soil conservation policies have sometimes failed
to live up to expectations (General Accounting Office).

Our objectives in this paper will be (1) to review and report recent
research in agricultural economics, with emphasis on our own work, which
incorporate risk and risk preferences in prescriptive models for selecting
farming systems or farm program participation choices with important soil
conservation consequences, and (2) to identify remaining research needs.

Our focus on prescriptive as opposed to positive research on the role
of risk preferences in soil conservation decisions reflects our past
research experience and is not intended to deny the importance of positive
work. Indeed, one might argue that a better understanding of whether and
how risk preferences influence farmers' soil conservation decisions should
logically precede prescriptive work. However, our own limited attempts to
address these positive questions, and our review of the literature,
indicates that progress has been slow in this area.

Our discussion of prescriptive models applied to soil conservation
decisions will be divided into two sections: Risk Programming Models and
Simulation Analyses.

Risk Prog ramming Models 

Kramer, McSweeny, and Stavros (K-M-S) analyzed the effect of
uncertainty on optimal soil conservation decisions using quadratic
programming. It was argued that variability in resource availability and
net farm income could affect the use of soil conservation measures. For
example, conservation tillage has been shown to reduce labor and machinery
requirements. For southeastern agriculture, one study estimated that no-
till methods for corn and soybeans could reduce spring labor requirements
by 77 percent (Vaughn et al.). Thus, in areas with frequent spring
rainfall which makes field hour availability highly variable, a motivation
for switching to conservation tillage methods is to reduce the risk of late
planting. The variability of income associated with different practices
was another reason K-M-S considered risk in their study. Evidence suggests
that farmers in some areas believe that reduced tillage increases the risk
of crop failure and thus makes income more variable (Pollard et al.).

In order to capture both types of uncertainty, K-M-S used the
symmetric quadratic programming formulation proposed by Paris.
Consideration of risk in a symmetric quadratic programming framework
results in the following generalized mean variance problem:

Maximize	 (c'x - (0/2) x'Ex - (0/2) y'Dy),
subject to

Ax - 00y < s and

y > 0, x > 0,

where
c = vector of expected returns or costs per unit of activity
x = vector of activity levels
0 = risk aversion coefficient
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E = variance-covariance matrix of market returns
s = vector of expected resource supplies
0 = variance-covariance matrix of resource supplies
A = nonstochastic technological matrix
y = vector of input shadow prices.

This problem maximizes expected returns less a two-part risk premium
resulting from both uncertainty in net revenues and uncertainty in input

supplies.

The authors found that because of differences in revenue risk, higher
levels of risk aversion resulted in more erosive practices. When
regulatory constraints were imposed, the degree of risk aversion affected
the means by which the reduction was achieved. Compared to the risk
neutral case, risk averters tended to rely more heavily on less profitable
no-till soybeans rather than no-till corn because of the activities
differing risk characteristics. Although both types of uncertainty
affected optimal farm plans in the model, revenue uncertainty was far more
influential than resource uncertainty.

This work was recently extended by McSweeny and McSweeny and Kramer to
consider the farm level impacts of integrating agricultural and natural
resource policy. An analysis was made of the potential effects of
requiring farmers to adopt pollution and erosion control practices as a
precondition to qualifying for price support and crop insurance programs.
Such a requirement is referred to as cross-compliance.

In studying the potential effects of a cross-compliance strategy, it
is of particular interest to view the problem in a risk framework since
income stabilization is a major goal of farm programs. Price support
programs have been shown in farm-level studies to reduce risk (Kramer and
Pope; Musser and Stamoulis). Farmer surveys have shown risk management to
be one of the primary motivations for government program participation.
Thus, when examining cross-compliance and comparing farm program benefits
to the cost of conservation practices, it would be desirable to measure the
indirect risk benefits of the programs. Because of the particular interest
in risk effects, the application of cross-compliance considered includes
crop insurance as well as price support programs. Further justification
for considering crop insurance is that it has recently become a widely
available, subsidized farm program. In addition, a cross-compliance
strategy which included crop insurance would have the advantage of
including soybeans, a major crop which is virtually unaffected by current

price support programs.

A symmetric quadratic programming model was constructed based on the

one used by K-M-S, but expanded to include nitrogen and phosphorous losses.
The model was used to analyze the potential effects of cross-compliance on
nonpoint source pollution (McSweeny; McSweeny and Kramer). The area of
study was a southeastern Virginia watershed draining into the Chesapeake
Bay. In contrast to many other risk programming studies, the authors used
mean squared forecast errors to measure risk rather than variances computed
from detrended data. As argued by Young, it is not the variability in
forecasts that is the appropriate measure of risk, but rather the
variability in the forecast error. Expected prices were calculated as the
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difference between a futures contract price prior to planting and a measure
of historical basis. Expected yields were calculated as the projection of
the recent past. Forecast errors of gross returns were estimated as the
difference between realized and expected gross returns.

Included in the representative farm model were the four primary crops
in the study area: corn, soybeans, winter wheat, and peanuts. A limited
set of "best management practices" (BMPs) was included in the farm model.
On the basis of recommendations by soil conservation personnel in the study
area, the following set of BMPs was included: no-till cultivation, sod
filter strips, no-till cultivation with sod filter strips, cover crops, sod
filter strips in conjunction with a cover crop, and grade stabilization
structures. Due to nematode problems, a three-year rotation of corn,
soybeans, and peanuts was assumed. All idle acreage was required to be
protected by a grass cover crop, and had associated soil and nutrient
losses.

The model was used to examine the impacts of the two cross-compliance
scenarios relative to the current incentives structure. The first strategy
would permit access to program benefits as long as a total farm soil loss
limit was not exceeded. Thus, any combination of BMPs would be allowed.
The second strategy would require protection of crop acreage by BMPs as a
precondition to program enrollment or insurance purchase, regardless of
soil loss. Both of these were compared to the current incentive system
available to farmers: cost shares with no strings attached.

The results are summarized in Table 1. The table shows the percentage
changes in net returns, soil loss, nitrogen loss, and phosphorous loss
under the soil loss limit (SLL) approach and crop specific (CSP) BMP
requirement approach relative to the current policy environment. The
comparisons are presented for different levels of risk aversion. As
expected, in most cases both cross-compliance schemes reduce net returns
relative to the current situation, but the amounts are modest. The largest
reduction is 2.5 percent. In contrast, the gains in controlling soil and
nutrient losses are quite large. Except for the one case where soil and
nutrient losses increase, the percentage decreases resulting from cross-
compliance are between 9 and 72. Comparing the two cross-compliance
scenarios, the BMP requirement approach outperformed the soil loss limit
approach in terms of reducing soil and nutrient losses except for the most
risk-averse case.

Another type of uncertainty affecting conservation planning has been
examined by Segarra et al. Mathematical programming studies of erosion
control typically impose constraints on allowable soil loss using the
Universal Soil Loss Equation (USLE). Segarra et al. argued that soil
erosion rates generated by the USLE should be viewed as stochastic because
the USLE is a function of the random variable rainfall. Because the USLE
produces mean soil loss rates, constraints based on it will be exceeded 50
percent of the time.

48



Table 1. Percentage Changes in Net Returns, Soil Loss, Nitrogen Loss, and
Phosphorous Loss under Two Cross-compliance Scenarios.

Risk
Aversion
Level Policya

Percentage
Change in
Net Returns

Percentage
Change in
Soil	 Loss

Percentage
Change in
Nitrogen Loss

Percentage
Change in
Phos.	 Loss

0.0000 SLL -	 0.3 -	 15.0 -	 9.0 -	 17.0

CSP -	 1.6 - 54.0 - 30.0 - 60.0

0.0001 SLL -	 0.3 -	 16.0 -	 9.0 -	 17.5

CSP -	 1.5 -	 57.0 -	 37.0 - 63.0

0.0004 SLL +	 1.2 -	 26.0 -	 18.0 -	 27.0

CSP + 0.6 - 64.0 -	 44.0 - 72.0

0.0006 SLL -	 1.5 - 38.0 -	 25.0 - 36.0

CSP -	 2.5 + 11.0 + 5.0 + 20.0

a The two cross-compliance scenarios are CSP (crop-specific BMPs are required)
and SLL (any combination of BMPs can be used as long as an overall soil loss

limit is met).

Source: McSweeny and Kramer.



A representative farm model was constructed for the Piedmont Bright
Leaf area of south-central Virginia.' Much of the land in this area is
highly erodible; average soil loss on cropland is 18 tons per year. The
area has been selected by USDA to receive targeted financial and technical
assistance.

Since the study was concerned with the effects of crop rotation on
soil erosion, production activities were defined as crop rotations
involving one or more crops. Sixteen crop rotations were considered.
Available data indicated that the rainfall and runoff factor, R, in the
USLE followed a lognormal probability distribution. For computational
convenience, this lognormal distribution was approximated as a normal
distribution. Standard stochastic programming methods were employed to
construct a model with a stochastic soil loss constraint.

Segarra et al. found that increasing the probability of satisfying the
constraint more than 50 percent of the time imposed considerable income
penalties. For example, if one required an 80 percent probability of
reducing soil loss to five tons per acre or less, income would be almost
$24,000 less than with a nonstochastic constraint. While this work is
ongoing, the results thus far suggest that probabilistic constraints can
significantly change optimal rotations and profit levels in erosion control
analysis.

Simulation Analyses 

For applications where data shortages or analytical complexity
preclude describing a priori the probability distributions of alternative
conservation choices, including covariance relationships, simulation
analysis offers a flexible procedure for evaluating the expected
profitability and riskiness of alternative actions. Management
alternatives can then be ranked by descriptive measures of riskiness
(variance, probability of loss) and/or by risk efficiency techniques such
as stochastic dominance.

Recent work by Hoag, reported in Hoag and Young (1985, 1986),
evaluating the profitability and riskiness of retiring highly erodible
cropland in the Palouse region illustrates this approach. The approach
permitted evaluating incentives for retirement of erodible areas to
perennial grass or trees under alternative past and proposed future
conservation-commodity program scenarios. 4

The attractiveness of erodible cropland retirement as a potentially
cost-effective practice for saving topsoil and reducing sediment delivery
stems from the fact that nationally an estimated 54 percent of U.S.
cropland sheet and rill erosion originates from only 6 percent of U.S.
cropland (Berg and Gray). In the Palouse River Basin of southeastern

1 Bright Leaf refers to a popular variety of tobacco, the leading
income-producer for farmers in the area.

2 This summary is drawn from the reports by Hoag and Young (1985,
1986).
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Washington and northern Idaho, about half the soil loss originates from SCS
land capability classes IVe and VIe. These two areas, referred to as
classes 4 and 6 in this study, comprise only one-fifth of the cultivated
area (U.S. Department of Agriculture).

Although several factors may underlie Palouse farmers' decisions to
continue farming highly erodible areas, the government commodity "income
and price stabilization" programs have been an important encouraging factor
(Hoag, Taylor, and Young). Farming highly erodible areas protects crop
base acreage which increases benefits from commodity programs. Less
productive erodible land also provides a potential cheap source of low
opportunity cost cropland to idle in compliance with acreage reduction

programs.

Hoag examined historical commodity and conservation programs, and
proposals outlined in pending legislation, for their impacts on
profitability and riskiness of retiring highly erodible land. Though not a
substitute for national modeling, the Palouse case study provides
policymakers a realistic appraisal of the farm-level impacts of specific
commodity and conservation programs in one highly erodible but very
productive region.

Background Data 

To provide information about policy impacts under a variety of farming
situations, the dryland grains region of the Palouse was divided into three
subregions. Subregions were separated by average annual rainfall which
reflected their relative productivity. The low yielding subregion (LYS)
averages 11-15 inches of precipitation annually, the intermediate yielding
subregion (IYS) 15-18 inches, and the high yielding subregion (HYS) 18-22

inches

Each Palouse subregion was represented by an average-sized farm of
1,100 to 2,000 acres with average subregion soil types and topography.
Whole- farm budgets were developed for each subregion with typical
rotations-- winter wheat, summer fallow in the LYS; winter wheat, spring
barley, summer fallow in the IYS; and winter wheat, dry peas in the HYS.

Measuring profits and risk required crop yield estimates that varied
over time with the same pattern as actual Palouse yields. Subregion-
specific wheat, barley, and pea yield models were estimated by nonlinear
least squares. The models predicted land-class-specific annual yields
using a weather stress index and site characteristics as independent
variables (Hoag; Busacca et al.).

Commodit y and Conservation Programs 

Commodity program impacts on land retirement were examined under three
policy scenarios. Each scenario is simulated within the three subregions
under actual weather, output price, and production cost conditions
prevailing over 1974-84. A limitation of this regional simulation
approach is that it assumes, since output prices are not endogenous, that
the alternative conservation-commodity policies examined would not have
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altered output prices. For each year of each simulation, net returns and
soil loss are computed for a conservation farm which retires erodible land
and a conventional farm which does not. Two levels of erodible land
retirement are considered on the conservation farm, all capability class 4
and 6 land and class 6 land only.

In the "base run" scenario it was assumed that neither conservation or
conventional farmers participated in any commodity or conservation
programs. In the "historical" scenario, conventional and conservation
farmers were assumed to have committed 100 percent of barley and wheat
program crop acreage to all ASCS direct income support programs, cropland
diversion for deficiency payments, paid acreage diversion, and payment-in-
kind (PIK) programs over 1974-84. The conservation farmer also received 75
percent cost sharing for establishing grass on erodible land in conformity
with prevailing ASCS cost sharing.

The third scenario was based on pending H.R. 3457, 98th Congress, The
Soil Conservation Act of 1983 (SCA). This bill combines three major
conservation proposals: (1) cropland base acreage protection (CBP) which
allows farmers to retire qualified highly erodible acreage without reducing
commodity program base acreage, (2) complementary rental payments
(subsidies) to farmers for retiring highly erodible land, and (3) a
"sodbuster" provision which penalizes farmers who bring new highly erodible
land into production by excluding them from all federal agricultural income
support programs.

None of the provisions of H.R. 3457 were passed in 1984. However, a
USDA two-year pilot program in 1984 offered cropland base acreage
protection as described in the bill, and increased erodible land retirement
cost-sharing from 75 to 90 percent for farmers committing erodible land to
grass for at least 5 years. The SCA scenario also included the 90 percent
cost-sharing provision. Rental payments are ignored in the first stage of
the SCA scenario to examine the ability of CBP and 90 percent cost sharing
alone to reverse previous commodity program land retirement disincentives,
but are presented in the second stage of this scenario.

Farm Profits and Risk

Profits were defined as net returns to labor and management. Partial
budgeting with only variable costs--and some changing fixed costs--is
sufficient for comparing profits between the conventional and conservation
farm. However, all costs excluding operator's labor and management were
included so that estimates of the probability of labor and management
returns falling below zero over the simulation period could be calculated
as a measure of risk.

A second measure of risk used was the variance (or standard deviation)
of farm profits. Dillon (p. 111) states that "for many decision makers and
many decision problems, reasonable or adequate appraisal (of expected
utility) is given by consideration of just the mean and variance of
profit." Decision makers' risk preferences are not modeled, but chance of
loss and variance of profit provide useful information about the riskiness
of the different policy scenarios. Risk is expected to be reduced with the
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introduction of "income stabilizing" commodity programs.

Third, the alternative actions were ranked using first- and second-
degree stochastic dominance.

Empirical Results 

Results are presented in sequence beginning with the first scenario of
no programs and concluding with the historical programs complemented with
SCA incentives. This organization provides a method to evaluate
conservation incentives without government programs, determine how those
incentives change with the introduction of historical commodity and
conservation programs, and assess the potential of SCA policies to reverse

historical program disincentives.

Base Run Results 

The results of each scenario in each Palouse subregion over 1974-84
are given in Table 2. Net returns are computed on a farm-wide basis and
include costs of establishment and maintenance of perennial grass on
retired land, net of cost sharing when appropriate, and costs for idling
land in compliance with commodity programs as appropriate.

Since the costs of retiring land are positive, the break-even point
between retirement and nonretirement is below the point where gross returns
equal variable costs on erodible acreage. Break-even land retirement
occurs at the point where gross returns on erodible land fall short of
variable costs by an amount equal to annual perennial grass maintenance
costs plus amortized establishment cost, net of any cost sharing, and
annual fixed cost savings from retirement. The latter saving is generally
quite small for Palouse farms because retirement generally would not permit
reducing machinery investment. It also is not possible to sell erodible
land separately in the long run because it is scattered throughout each
field in discontinuous small parcels on hill tops and upper slopes.

The base run results in Table 2 show that without commodity and
conservation programs farming erodible land was always more profitable (or
less unprofitable) than retiring it. The conventional farm (CV) that did
not retire any land earned consistently higher returns than the
conservation farm with class 6 retirement (C6) or with class 4 and 6
retirement (C46). Unreported year-by-year results revealed class 6
retirement was more profitable than conventional farming in 1977 and 1984
in the LYS, in 1977, 1981, 1982, and 1984 in the IYS, but never more
profitable than conventional farming. In all other years farming the
erodible land was more profitable because yields were not sufficiently low

to push returns below break-even levels.

Table 2 also shows that without commodity or conservation programs
(the base run) the standard deviation of net returns always fell when
switching from a CV to a C6 or C46 farm. However, the probability of loss
increased for the C46 farm in all the subregions because of the substantial
decline in average net returns. Retiring land reduces net returns and
increases the likelihood that returns will not cover production costs in

any given year.
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Table 2. Conventional and Conservation Farm Average Net Returns and Risk for Alternative Commodity
and Conservation Policy Scenarios in the Palouse, 1974-84.

Average Net Returns and Risk b y Precipitation Subregion and Policy Scenario

Return on Risk Farm

Low Yielding Subregion Intermediate Yielding Subregion High Yielding Subregion
Land

Classes
Retired Base Run

Historical
w/o SCA

Historical
w/SCA

Historical	 Historical
Base Run	 w/o SCA	 w/SCA

Historical	 Historical
Base Run	 w/o SCA	 w/SCA

Average Net Return Con y . none -3,147 -2,459 -2,459 4,515 5,714 5,714 27,064 30,964 30,964
($/farm) Cons. 6 -4,054 -7,057 -1,826 3,971 4,224 9,570 24,757 28,618 30,018

Cons. 4+6 -12,571 -13,724 -4,801 -5,151 -4,411 3,989 13,143 15,992 23,569

Standard Deviation Con y . none 3,596 34,396 34,396 27,927 26,679 26,679 44,488 41,260 41,260
of Net Returns Cons. 6 32,690 36,690 32,816 26,435 26,179 23,084 43,364 40,287 39,820

($/farm) Cons. 4+6 31,655 34,583 28,783 24,422 24,600 20,394 38,731 36,830 33,977

Probability of Cony. none 7/11 6/11 6/11 5/11 5/11 5/11 3/11 2/11 2/11
Loss (years out Cons. 6 7/11 6/11 6/11 5/11 5/11 5/11 3/11 2/11 2/11

of	 11) Cons. 4+6 8/11 8/11 7/11 7/11 6/11 4/11 4/11 3/11 2/11

a The base run simulates returns with historical weather, costs, and prices, but no commodity programs. The historical run w/o SCA adds
historical commodity programs, and the historical run w/SCA further adds SCA conservation programs.

Source: Hoag and Young, 1986.



Without knowing the risk preferences of individual farmers it is
difficult to rank one action over another. Sometimes, however, actions can
be successfully ranked using stochastic efficiency. For example, with only
the assumption of positive marginal utility of income, a Bernoullian
expected utility maximizer will always choose an action over another action
if it dominates it by first-degree stochastic dominance (FSD) (Anderson,
Dillon, and Hardaker). FSD requires the dominant action's cumulative
probability of any profit level to be less than or equal to the dominated
action's with the strict inequality applying at least once. Actions that
are not dominated using FSD might be dominated using second-degree
stochastic dominance (SSD). This principle adds the additional assumption
that decision makers are risk averse and is therefore more limited than
FSD. Often actions cannot be ranked with FSD or SSD and additional
information about individual risk preferences is required.

The stochastic efficiency results--with the assumption of equal
probability of simulated annual returns--of conventional farming compared
to conservation farming, under alternative policy scenarios, are given in
Table 3. Without the SCA, the C46 farm was dominated by FSD in all
subregions. This means the CV farm is preferred by all decision makers
with positive marginal utilities for income unless SCA provisions are

enacted.

Historical Programs Without SCA

Table 2 also provides the results of the simulation with historical
commodity programs and 75 percent cost shares for erodible land retirement.
In most cases net returns increased with 100 percent participation in

commodity programs. However, in years with no commodity program payments,
1974 for example, the addition of programs increased conservation farm
returns only slightly. The slight increase was due only to the 75 percent
cost sharing for retiring erodible land. In the LYS conservation farm,
commodity programs failed to increase net returns because the retired
erodible class 4 acreage was relatively productive and did not represent a
"cheap" source of set aside.

Break-even rental payments to conservation farmers who retire erodible
land are presented in Table 4. Break-even (BE) rents are the amount
required to equate the profitability of conservation and conventional
farming. Results given in Table 4 show that the introduction of historical
commodity programs increased BE rental payments for conservation farmers.
Losses from conservation farming--represented by a positive BE rent--
increased by more than five-fold on the C6 farm and by 20 percent for the
C46 farm in the LYS. Similar percentage increases were experienced in the
IYS and lower percentage levels were found in the HYS, but HYS changes from
programs were similar on an absolute basis. Historical commodity programs
increase BE rents because these programs increase the profitability of
farming erodible land. Conventional farmers maintain a higher "base" and a
cheaper source of set aside. The results substantiate the claim that
historical commodity programs administered by ASCS work at cross purposes
with the agency's conservation programs (Block).

Commodity programs are expected to reduce risk because income
stabilization is a goal of the ASCS. The 1974-84 commodity programs did
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Table 3. Stochastic Dominance Results.

(Dominating/Dominated) Action or Programa

Conventional/
Conservation	 Historical Program/	 SCA Program/

Region	 Farm	 Base Run Historical SCA	 Base Run	 Historical Program

Low	 CV	 ND	 NE

C6	 ND	 FSD	 ND	 ND	 FSD

C46	 FSD	 FSD	 ND	 ND	 FSD

CTCT	 Intermediate	 CV	 --	 --	 SSD	 NE

C6	 ND	 SSD	 ND	 ND	 FSD

C46	 FSD	 FSD	 ND	 SSD	 FSD

High	 CV	 -	 SSD	 NE

C6	 FSD	 FSD	 ND	 SSD	 FSD

C46	 FSD	 FSD	 ND	 SSD	 FSD

a FSD and SSD mean the appropriate action or program is dominated by the first-or second-degree
stochastic dominance criterion, respectively, and ND means the action or program is not dominated.
NE is "no effect" from SCA.

Source: Hoag and Young, 1986.



Table 4. Break-even Rental Payments for Palouse Land Retirement.

Low 2,000 6
4+6

907
9,242

Intermediate 1,000 6
4+6

544
9,666

High 1,100 6
4+6

2,307
13,921

a Conservation farm had higher returns than the conventional farm.

Source: Hoag and Youn, 1986.

Break-even Rental Payments by Scenario	 Farm

Yield	 Size	 Land	 Historical	 Historical

Subregion	 (Ac)	 Classes Retired	 Base Run	 w/o SCA	 w/SCA

TM (633)a

	

11,265	 2,342

	

1,490	 (3,856)

	

10,125	 1,725

	

2,346	 946

	

14,972	 7,395



indeed increase income stability in the IYS and HYS for the CV farm as
indicated by lower standard deviations.	 However, the standard deviation
was not decreased in the LYS primarily because of the sunk costs in summer
fallow in PIK years which magnified losses from participation.
Participation in farm programs also generally reduced the chance of
experiencing a loss in any given year. The chance of loss fell from 7/11
to 6/11 in the IYS and from 4/11 to 3/11 in the HYS from the C46 farm.

Considering both risk measures indicates that the commodity programs
slightly decrease risk, but do so less, or can even increase risk, for the
conservation farm. In the IYS and HYS if farmers on a given type of farm
could choose the program they wanted, risk-averse farmers would choose the
historical programs, except the C6 farm in the IYS, by the SSD principle
(Table 3). Conservation farm risk increased in the LYS because
participation in commodity programs lowered net returns and increased the
chance of a profit loss. Therefore, the historical program did not
dominate the base run by FSS or SSD in that subregion.

Historical Programs with SCA

The SCA leaves net returns of the CV farm unaffected because it
retires no acres. In contrast, the conservation farm's profits increased
sharply with CBP which permitted some or all of its retired erodible acres
to be counted as commodity program diversion. It no longer had to divert
some of its relatively productive cultivated land to comply with set-aside
programs. As shown in Table 4, break-even rents decreased for all
subregions with the SCA. Unreported year-by-year results revealed there
was not a single year during 1974-84 in which the SCA incentives failed to
provide higher net returns for the conservation farm compared to historical
programs. However, in years with zero diversion payments the conservation
farm's income rose by only a small amount attributable solely to increased
cost sharing.

Because the SCA increased the conservation farm's net returns while
not changing those of the CV farm, the proposed legislation obviously
strengthens the relative profitability of conservation farming in the
Palouse. If the SCA reduces necessary BE rental payments by more than they,
were increased by the historical commodity programs, the SCA incentives are
successful at offsetting commodity program disincentives to retire land.
Ifthe gap between conventional and conservation farm returns is closed by
more than the historical programs increased it, the SCA provides additional
incentives to land retirement.

In all cases the SCA benefits decreased the conservation farm's
disadvantage by more than commodity programs had increased it. In the LYS
and IYS, where the C6 farm's break-even rents with SCA are negative as
shown in Table 4, the SCA benefits were sufficient to completely reverse
commodity program and inherent productivity retirement disincentives.

In most cases, however, the results show that even with the SCA,
without rental payments, it is generally not profitable to retire erodible
land in the Palouse. Only for the very low yielding class 6 land in the
low and intermediate yielding subregions, was the SCA sufficient to make
land retirement profitable.
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Although rental payments were generally still required to create
positive profit incentives for land retirement in the Palouse with the SCA,
it is informative to examine why the SCA provision (excluding rental
payments) weakened disincentives to retire erodible land. There are four
reasons why the SCA strengthens the relative profitability of the
conservation farm when there are acreage reduction programs. First,
production net returns increase because the SCA allows the conservation
farmer to devote more acres than before to wheat and/or barley production.
The base acreage on the conservation farm does not decrease under the SCA.
The conservation farm may use the retired acreage to fulfill diversion
requirements and produce on the unretired higher-quality land, some of
which would have been required to be diverted if there were no SCA.

The second reason profitability is increased is that the larger wheat
acreage base permitted the conservation farm by SCA allows larger commodity
program support payments. If required percentage diversion for commodity
programs is equal to or larger than the percentage of erodible acreage
retired under the SCA, the conservation farm is assured a higher deficiency
payment than the CV farm because of its higher average proven yield on
cultivated land. The third reason, related to the second, is that the
conservation farm has lower diversion costs in commodity programs with SCA
because it uses already retired acreage to fulfill the diversion
requirements. Finally, the SCA improves the net returns of the
conservation farm by increasing cost shares for land retirement from 75 to

90 percent.

Risk on the CV farm is not changed by the SCA because its net returns
are unaffected. However, the SCA decreased the risk, defined as standard
deviation of net returns and the probability of net returns falling below
zero, of both types of conservation farms in all regions. The standard
deviation fell by 20, 19, and 8 percent in the LYS, IYS, and HYS,
respectively. The SCA decreased the probability of loss from 5/11 to 3/11
and 6/11 to 4/11 on the C6 and C46 farms in the IYS and from 3/11 to 2/11
on the C46 farm in the HYS. Based on these measures, we conclude the SCA
would reduce the risk, as well as increase the profitability, of erodible
land retirement in the Palouse. Also, in all cases the SCA FSD dominated
the historical program scenario. This means the SCA would be preferred by
all decision makers who prefer more income to less.

Conclusions and Research Recommendations 

The vast majority of economic analyses of soil conservation have been
based on (expected) profit maximization or risk neutrality. However, our
analyses above indicate that risk aversion, if it is indeed important for a
sizeable component of the farmer populati-on, can significantly impact
decisions regarding soil conservation systems and related commodity-
conservation program choices. Consequently, studies which ignore risk and
risk preferences can yield misleading results.

It is especially critical to consider risk when examining government
programs like cross-compliance, crop insurance, and conservation reserve
legislation. Income stabilization is an explicit objective of programs
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like these. Consequently, risk reduction impacts must be included as part
of the benefits package when analyzing effects on soil conservation
incentives.

In light of the above, we urge researchers to more systematically
incorporate risk considerations in analyses of soil conservation decisions.
We have provided examples of two methodologies, risk programming and
simulation analysis, which can be used for this purpose. Other
methodologies, including statistical decision rules, are also likely to
provide promising approaches for certain problems. McElyea and Christensen
recently used a direct expected utility maximizing approach to examine the
effects of yield variance on soil conservation incentives. The appropriate
methodology for incorporating risk will necessarily depend upon the nature
of the problem examined, data constraints, and other problem-specific
factors.

There is also a need for more positive research on how, and to what
extent, risk aversion influences soil conservation choices. It might well
be fruitful to examine multi-attribute utility frameworks. Farmers'
reluctance to try new conservation systems might be attributable more to
the perceived learning costs of mastering a new production technology than
to simple aversion to perceived income variability. It is likely that both
positive and prescriptive analyses of soil conservation choices
incorporating risk will remain an important challenge to agricultural
economists.
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COMMENTS ON

"INCORPORATING RISK INTO SOIL CONSERVATION ANALYSIS"

Stan R. Spurlock*

Young and Kramer provide a clear picture of the influence that
government programs and risk can have on soil conservation decisions. It
appears that adoption of conservation practices may be dependent on how
farmers perceive both business and financial risk. Total risk, however,
may be altered through government programs. Research that investigates
farm-level impacts from alternative government programs is useful to
policymakers and farmers. Furthermore, research that incorporates risk
behavior may be needed to anticipate producers' responses to a given
program.

The prescriptive research that Young and Kramer review includes two
widely used methodologies for analyzing risk management strategies: 1) risk
programming and 2) simulation. The studies by Kramer et al. and McSweeney
both used symmetric quadratic programming to incorporate resource and
income uncertainty. Findings in both studies show that risk-averse
producers would act differently than risk-neutral producers. McSweeny
showed how cross-compliance programs could substantially reduce erosion.
These findings suggest that government programs that reduce income
variability while maintaining income levels for conservation practices
should be sought. However, the programming technique requires substantial
amounts of data and the algorithm is not widely available. Thus, the
usefulness of this technique over a wide range of regions and for many
conservation practices is questionable.

Hoag and Young studied the prospects of retiring highly erodible
cropland under alternative government program scenarios. They use the word
"simulation" to describe this methodology. Simulation, however, involves
modeling a system of relationships. The model is typically validated by
comparing results to historical observations. If the model is accurate,
then projections of the future or analyses of the past under alternative
scenarios may be desired. In risk analysis, simulation models often
incorporate price and yield uncertainty by using random number generators
to obtain samples. The consequences of alternative decisions are then
simulated by the model for as many replications as desired. In this way,
probability distributions on outcomes are generated. 	 These distributions

can then be ranked by some process, such as E-V analysis or stochastic

dominance.

Hoag and Young have merely budgeted the consequences of three
management strategies under different program scenarios over an historical
eleven-year period. The results were then analyzed with stochastic

*Stan R. Spurlock is an Associate Professor, Department of Agricultural
Economics, Mississippi State University.
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dominance techniques. There is nothing wrong with this methodology, but it
should not be called simulation.

Hoag and Young's results imply that if the incentives of The Soil
Conservation Act of 1983 had been adopted, farmers would have been induced
to retire erodible land. However, program costs and environmental quality
enhancements for the whole region would need to be estimated to determine
the desirability of this program relative to other programs.

To conclude, I believe farmers need two pieces of information to help
make conservation decisions: (1) profitability and (2) cash flow. To
incorporate risk, the variability of these factors over the relevant
planning horizon needs to be estimated. This requires the development of
probability distributions on costs, prices, and yields over time. The
yield distributions should be related to soil properties in order to
capture the impacts of erosion. Since erosion is also stochastic, it would
seem necessary to develop a probability distribution for erosion. A
simulation model that incorporates the relationships between rainfall, soil
properties, conservation practices, and crop yields would be a very useful
tool to help farmers make conservation decision. These relationships are
typically not known and would be costly to acquire for the wide range of
soils that are found throughout the country. Thus, areas of high erosion
should be concentrated on first.
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RISK MANAGEMENT RESEARCH: IS IT POLICY RELEVANT?

John A. Miranowski and Katherine H. Reichelderfer*

Risk research has received widespread attention in the agricultural
economics literature. The papers presented in this session provide an
excellent overview of the direction that risk research has taken in
examining resource management problems. In reviewing the evolution of such
work, we cannot help questioning its relevance to natural resource policy.
The research typically approaches the implications of risk from a
restrictive viewpoint; usually with respect to the participation by a small
group of farmers, a typical farm, or a single farm enterprise in a narrow
set of activities. The applicability of this narrow view to policies or
programs designed to achieve objectives within broad components of the
agricultural or natural resource sectors is obviously limited. Furthermore,
the analyses tend to be static, as opposed to intertemporal. This time
frame also limits their relevance to policies directed towards long-run
conservation of natural resources. But the fundamental problem is that a
focus on farm-level decision making does not allow one to ask or to answer
the types of questions that are relevant to natural resource policy
formation and implementation.

Our assignment is to summarize the concepts, procedures, and problems
presented by symposium participants, and examine their relevance for
natural resource policy. In undertaking this assignment, we play the
"devil's advocate" role and pose a policy challenge: How can the typical
risk management assessment, as represented by the body of work presented
here, contribute to improved natural resource policy decision making? We
draw upon the contents of the presented papers to address this question,
find the standard approach lacking in applicability to policy problems, and
suggest a reorientation of risk research to improve its relevance to

natural resource policy.

A Farm-Level Focus for Polic y Analysis?

The incorporation of price, income, and production risk into farm
management decisions on irrigation scheduling, pest control thresholds,
conservation practices, and other resource allocation problems can be
extremely useful in an extension or advisement framework. As Tew and
Boggess indicate, expert systems which include risk in interactive, dynamic
simulations should prove to be particularly valuable farm management tools.

However, if we are interested in the policy implications of risk, why
are we considering risk at the farm management or, even more narrowly, the
enterprise level? Tew and Boggess state their paper's firm perspective in
its title, and restrict their examination of irrigation scheduling to

*John A. Miranowski is Director, and Katherine H. Reichelderfer is
Associate Director, Natural Resource Economics Division, Economic Research
Service, U.S. Department of Agriculture.
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production risk. Young and Kramer also focus on farm prescriptive
research. Cochran and Boggess recognize that the "vast majority of the
(IPM-risk related) research...has been directed towards farm-level risk
analysis." Of the 50-odd risk-related studies reviewed in the three
principal symposium papers, only one (Weisz, Miller, and Quinby) approaches
the implications of risk from a perspective other than that of the, farm-
firm.

Young and Kramer suggest that consideration of farmer's risk-related
adoption or program participation behavior is essential to the design of
effective resource conservation policies. It is true that knowledge of the
risk premium required to induce a change in farmer's resource management
practices would be useful in setting levels of program benefits or
subsidies, or in projecting the success rates of various program options.
But imagine the enormity of the analytical task required to gain that
knowledge for design of a program or policy that applies to any area other
than a small, relatively homogenous locality. Even if resources were
available to collect farm-level observations from many areas, the basic
applicability of the typical farm risk management analysis to broad
policies is severely limited.

Problems With the T ypical Approach 

Cochran and Boggess do an excellent job in reviewing the basic
difficulties of conceptualizing and measuring risk. We cannot agree on the
appropriate method of measuring individual risk preferences, and techniques
for the elicitation of risk attitudes are crude and cumbersome. Once
elicited, it is difficult to judge the validity of applying risk
preferences to examine the risks involved in a given activity because
respondents may perceive a different probability distribution of outcomes
than that which actually exists (Hanneman and Farnsworth). As a
consequence of these difficulties, we usually bypass direct measurement of
risk preferences, assume risk averse behavior, and concentrate on measuring
the variability of outcomes as a proxy for risk.

If we shun the task of measuring individual risk preferences, how can
we be expected to measure aggregate risk as it influences producers'
response, to policy and program decisions? The assumption that all farmers
are risk averse is the foundation for much of our work. Yet, there is no
evidence that a majority of farmers are risk averse. The distribution of
risk preference is important to the basic design of policies. McSweeney
and others have found large differences in farmer response to program
options when farmers were assumed to be risk averse and risk neutral. It
seems only appropriate that "risk-loving" or "risk-preferring"-behavior
should also be tested in such analyses. Still, we do not know how risk
attitudes or preferences and the relative strength of these preferences are
distributed among farmers. Are farmers, in general, risk averse, neutral,
or loving? How does risk attitude vary among , regions, types_ of farmers, or
sizes of farms? Because farm and resource policies tend to cover a range
of regions and are increasingly being targeted to specific types of
farmers, information on the distribution of risk preferences, i essential
before the findings of
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farm-level risk analysis can be applied to policy design or
decision making.

Another serious concern with respect to the applicability of the
typical risk analysis to natural resource policy is that these analyses are
static while policies are, ideally, designed to remain effective over the
long run. None of the studies cited incorporates the long-run concerns of
farmers or society. As Cochran and Boggess observe, "the question of...
intertemporal risk remains on the horizon." This is a serious constraint
to appropriate policy analysis, especially of natural resource issues.
Static analysis captures neither the changes in risk structure over time
nor the long-term effects of current actions on future states of nature.
Preferences elicited (or assumed) at a given point in time reflect
expectations about future conditions. As expectations and the composition
of farm populations change over time, risk attitudes and preferences also
should change. In what ways, we do not know. Outcome probability
distributions also change over time as technological advance occurs. The
application of static analysis to the consideration of resource
conservation policies would be especially inappropriate since conservation
explicitly attempts to optimize the path of resource use over time. When
we attempt to apply the standard, static risk analysis to conservation
policy, what do we learn? Are we considering the optimal path of resource
use over time, or are we merely attempting to modify the static solution
consistent with our preconceived notions that more conservation is better

than less?

Another major problem with the current body of literature is that, by
and large, studies of risk focus on the implications of a small set of
alternative, resource-specific activities. As Cochran and Boggess express
it, we "have a tendency to slice off a very small sliver of the overall
farm management problem and...analyze it in isolation..." A number of
constraints on policy relevance are imposed when only one enterprise or
activity is considered. Potential factor-factor, factor-product, and
product-product substitutions may be ignored. For example, land, soil, and
water may be substitutes or complements for pesticides. When risk analysis
of integrated pest management is isolated from larger farm management
problems, we are unable to guage the effect of pest control risk on the use
of other natural resources. Young and Kramer have pointed out the high
degree of interaction between commodity program and conservation decisions.
This relationship serves to further illustrate the interdependence of farm-
level activities. The failure of specialized policies or programs is more
likely to arise from lack of attention to the broad, aggregate context in
which decisions are made than from misspecification of appropriate program
incentive levels.

Where do we go from here? 

If the problems reviewed above make the typical risk analysis
inappropriate for consideration of natural resource policy options, then
what can be done to make risk research more policy-relevant? We believe
that the fundamental need is to start asking the right questions. The
question addressed by the vast majority of risk-related studies has been:
"How do these (policy, program, or practice) options affect the riskiness
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of farm operation?" To a large extent, this is irrelevant to natural
resource policy. After all, natural resource policies are not implemented
with the objective of reducing farmers' risk. Soil conservation, water
quality, and pesticide regulation programs are designed to meet societal
objectives that may differ from or even conflict with farmer objectives.
In fact, many policies aimed at natural resource quality and conservation
may transfer risk from society to farmers by internalizing the
externalities resulting from farmer decisions. So, rather than asking how
policy options affect farmers, we should be asking how farmers' behavior
affects resource allocation and the policies directed at improving that
allocation. In other words, what is the aggregate impact of risky
decisions (by farmers or policy decision makers) on natural resource use
over time? Answering this question will require both a different
orientation to risk research as well as a different set of tasks than that
normally performed.

Young and Kramer and Cochran and Boggess mention the paucity of
positive or descriptive risk analyses. We join them in encouraging more
positive research on farm-level risk. But for natural resource policy, we
suggest that research be conducted within a framework that evaluates
natural resource policy or program directions for society and its public
representatives.

How can we do this? The first task is to change the orientation of
objectives addressed by risk research. We need to be asking two
interrelated sets of questions: (1) How do individuals' and firms'
responses to risk affect resource allocation, and the success of policies
implemented to improve resource allocation by changing incentives or
risks? and (2) How do various public policy options impact the risk
associated with externalities from, or long-term resource misallocation
within, the agricultural sector? This latter question addresses a concern
that might be labled "societal risk." For example, what is the probability
that adverse impacts on such things as wealth in nonagricultural sectors or
human health will be realized as a result of agricultural activities? And
how do policies modify these probabilities by eliciting changes in
agricultural activities?

Aggreg ate Farm Response to Risk

The first of these research perspectives suggests that farm-level risk
should be analyzed in an aggregate, integrative, and dynamic framework.
Farmers' response to risk may have significant implications for resource
conservation or environmental externalities. For example, increased use of
pesticides to reduce income variability may introduce additional harmful
residues into the surrounding environment. But, as Young and Kramer state
in the opening of their paper, the imposition of externalities on society
by agricultural production decisions results from "response(s) to the
varied goals of thousands of individual farmers."

We should attempt to determine the aggregate impacts of risk
preferences on intertemporal natural resource allocation and on policy
initiatives to alter resource use over time. Does risk lead to a
misallocation of natural resources--either overly conserving or profligate
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use? Can public intervention improve the risk-distorted allocation of
natural resources over space and time? For example, do IPM programs
maintain pest susceptibility to pesticides or forestall resistance build-
up? Finally, is public intervention economically justified, i.e., with
social benefits greater than or equal to social costs?

Another argument for a more aggregate policy research approach relates
to the impacts of risk-reducing technologies on natural resource use.
Caswell and Zilberman argue that water-saving technologies may encourage
production on poor-quality land and increase overall water use. New
technologies that reduce yield variability--conservation of soil, water,
and pest susceptibility--may increase productive capacity, as well as soil,
water, and pesticide use. Public investment in research, information, and
adoption incentives may aggravate rather than correct resource
misallocation over time. The issue becomes even more complicated when the
externality impacts of resource use are considered (Shortle and

Miranowski).

Young and Kramer indicate that we cannot ignore other government
programs for agriculture when we consider the impact of risk. Commodity
programs may reduce output price risk. Credit programs may reduce risk but
ultimately may only be shifting risk within the farmer's portfolio. Kislev
found that Israeli farmers with more human capital adopted enterprises with
more variable net returns relative to farmers less well endowed. Thus, all
government programs will affect risk and thus natural resource use. Only
an integrated analysis over farmers, commodities, space, time, and
resources will provide guidance to the underuse or overuse of natural
resources due to risk considerations.

In sum, we do not know how existing risk attitudes influence current
or future resource use patterns. Over time, risk-averse farmers may be
slower in adopting more conserving practices, but they also may be slower
in abandoning them in the future. Life and research are far more complex
in a dynamic environment. When considering the allocation of scarce
natural resources over time, we need to consider the optimal path of use.
More conservation activity in the near term does not necessarily guarantee

a socially beneficial adjustment.

The Societal Perspective 

Why don't we begin to address risk from the societal rather than the
farmer perspective? Straightforward adoption of societal objectives in
natural resource policy would go one step beyond examining the implication
of farmers' income risk for natural resource use patterns. How does farmer
behavior, whether or not it is motivated by risk, affect the extent to
which society faces risks imposed by agricultural externalities?

Instead of asserting that "(farmers') risk reduction impacts must be
included as part of the benefits package when analyzing effects of soil
conservation incentives" (Young and Kramer), let us also consider the
possibility that increased farmers' risk is part of the costs package when
analyzing options for meeting societal goals. Instead of attempting to
prove that IPM reduces farmers' risk, let us consider how IPM affects

69



societal risk of exposure to pesticides as well as to the externalities
arising from the use of resources that substitute for pesticides. And,
especially with respect to agricultural water use, we need to begin to
assess the stochastic nature of the effects of farm irrigation and water
policy on the supply and quality of water available for nonagricultural
uses.

Many of the same techniques currently applied in farm-level risk
analyses could be modified for use in analyzing societal risk. For
example, Segarra et al. could employ an aggregate version of their
mathematical programming model to minimize the probability of damaging
levels of soil erosion rather than to determine optimal rotations or profit
levels in erosion control analysis.

In addition to adopting the societal viewpoint in natural resource
risk research, we should consider the riskiness of decisions required by
our public officials to implement resource policies. Reichelderfer has
illustrated the distinction between the objectives and constraints of
conservation reserve program administrators vis-a-vis those of program
participants and public beneficiaries. The accurate representation of risk
in program administration and decision making can have a large impact on
the choice of appropriate implementation schemes. Cochran and Boggess
state it well: "We should strive to provide public decision makers with
the same (quality) of information that we currently are producing for
farmers on risk management issues at the firm level."

Conclusions 

To do policy-relevant research, we have a social and intellectual
"obligation" to review our research and policy prescriptions in a critical
fashion. Are we meeting this obligation with our emphasis on farm
management risk research? Until we understand how risk affects natural
resource use in the larger aggregate context, we cannot be overly
comfortable with our policy prescriptions, including subsidies for IPM,
soil conservation, and water management. And until societal risks are
examined with the same directness and rigor as are farmers' risks, we
cannot be assured that our policy prescriptions address the appropriate
audience.
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