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Abstract: This study applied a broad continuum of risk analysiethods including
mean-variance and coefficient of variation (CV) tistecal criteria, second-degree
stochastic dominance (SSD), stochastic dominantie nespect to a function (SDRF), and
stochastic efficiency with respect to a functionERF) for comparing income-risk
efficiency sustainability of conventional and reddctillage systems. Fourteen years
(1990-2003) of economic budget data derived fronr&tments on 36 experimental plots
under corn Zea maysL.) and soybean@lycine maxL.) at the lowa State University
Northeast Research Station near Nashua, 1A, US/Ae weed. In addition to the other
analyses, a visually-based Stoplight or “probapilif target value” procedure was
employed for displaying gross margin and net repnobability distribution information.
Mean-variance and CV analysis of the economic nreasalone provided somewhat
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contradictive and inconclusive sustainability rangs,i.e., corn/soybean gross margin and
net return showed that different tillage systeneralitives were the highest ranked
depending on the criterion and type of crop. Stettbalominance analysis results were
similar for SSD and SDRF in that both the convemdloand reduced tillage system
alternatives were highly ranked depending on tlpe tyf crop and tillage system. For the
SERF analysis, results were dependent on the tiypop and level of risk aversion. The
conventional tillage system was preferred for botihin and soybean for the Stoplight
analysis. The results of this study are uniquehat they highlight the potential of both
traditional stochastic dominance and SERF methaus distinguishing economically
sustainable choices between different tillage systacross a range of risk aversion. This
study also indicates that the SERF risk analysithateappears to be a useful and easily
understood tool to assist farm managers, experaheasearchers, and potentially policy
makers and advisers on problems involving agricaltisk and sustainability.

Keywords: agriculture; tillage systems; stochastic dominarm®nomic budgeting; risk
analysis; sustainability

1. Introduction

Interest in tillage systems that reduce the nundfecultivation steps has increased steadily
worldwide over the past two decades. These redtitege systems—commonly called reduced till,
no-till, low till, limited till, or conservation ti—potentially have the ability to reduce wind awater
erosion, conserve soil moisture, and improve gaiicture. Although the possible agronomic benefits
of reduced tillage systems are easy to recogni|eetonomic benefits can be less evident and may
lead to questions of long-term sustainability. Mastyudies have found that using reduced tillage
systems reduces input costs such as fuel, labat, machinery repair/depreciation costs [1,2].
However, lower production costs found in reducédge systems may be offset by increased chemical
costs for many crops [3-5]. Consequently, manyisgidomparing net income between conventional
and reduced tillage systems are contradictory, asibe when the impact of soil type and climate
conditions on the economic sustainability of redld#lage systems is considered. For example,
generally better economic performance for redudéahé systems has been noted for well-drained
soils and warmer climates [6,7] and poorer perfarceanoted for poorly drained soils and cooler
climates [8-10].

Despite potential benefits, many farmers are stilictant to adopt reduced tillage systems. One
contributing factor is that farmers lack knowledg®ut risks related to tradeoffs between the upfron
(or short-term) costs of implementing reduced cora@®n management practices compared to long-
term economic benefits that might be expected enftiture (such as reduced variability). The overall
purpose of this paper is to examine how an undeistg of risk-return tradeoffs can affect the
ranking or preferability of reduced tillage systerighile the majority of studies investigating the
economic sustainability of reduced tillage systdmse largely ignored riski.., only average net
income between conventional and reduced tillageesys is typically compared), a number of studies
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have attempted to address farm business risk ighoasgh the application of stochastic dominance
approaches to better account for risk aversion \nehaKlemme [3] used first and second-degree
stochastic dominance (FSD and SSD, respectivety)niques to rank tillage systems on a net return
basis to examine assumptions concerning variowsdey risk avoidance. Leet al [11] compared
mean-variance and stochastic dominance technigudarfner adoption of reduced tillage practices in
a central Indiana watershed. Williares al. [12] used SSD to compare reduced tillage systeitis
conventional tillage systems for wheat and sorglumwestern Kansas. Larsat al [13] used FSD
and SSD to evaluate how using cover crops withouariapplied nitrogen rates affected net revenue
from no-till corn production in western Tennesdee.Vuyst and Halvorson [14] used FSD and SSD to
rank the economics of eighteen continuous croppiogiallow experimental treatments in the
Northern Great Plains as influenced by tillage eysand nutrient management. Pendebl [7] used
stochastic dominance to examine the net returronfimuous corn production using conventional and
no-till tillage systems to quantify the value oftwan sequestration credits needed to encouragesfarm
adoption of carbon sequestration programs.

A more recent method of stochastic dominance, dadichastic efficiency with respect to a
function (SERF), orders a set of risk-efficienteatatives instead of finding a subset of dominated
alternatives [15] and uses the concept of certaqtyivalents (CEs) instead of cumulative distributi
functions (CDFs) for each alternative (as in theecaf FSD and SSD). Hardaketral. [16] state that
SERF provides an approach consistent with the stibogeexpected utility (SEU) hypothesis, in such
way that SERF narrows the choice to an efficiebtagel thus has stronger discriminating power than
conventional stochastic dominance techniques. Antgjpothesis of SERF is that the decision-maker
would be risk averse enough to accept a sure l@xpected value versus a high unsure expected
value. Grove [17] and Growt al [18] conducted a stochastic efficiency analysid aptimization of
alternative agricultural water use and conservastrategies. Results showed that the portfolio of
irrigation schedules for a risk averse farmer maglude those with high production risk, due to the
interaction of resource use between deficit irfaglternatives when water is limited. Liehal [19]
used SERF within a whole-farm stochastic modelnagnework to analyze organic and conventional
cropping systems in eastern Norway. SERF methogolegs also applied by Lieet al [20] to
analyze optimal tree replanting on an area of nbgemarvested forestland. Pendeat al [21]
examined the economic potential of using no-tild aszonventional tillage with both commercial
nitrogen and cattle manure to sequester soil camorontinuous corn production in northeastern
Kansas. SERF was employed to determine preferalption systems under various risk preferences
and to calculate utility-weighted certainty equeval risk premiums for estimating carbon credit ealu
needed to motivate adoption of systems that segulgther levels of carbon. Watkies al [22] used
SERF toevaluate the profitability and risk efficiency ofl&ansas rice production management under
no-till from the perspective of both the tenant dnel landlord. Results indicated that risk-neudnadl
risk averse tenants would benefit from no-till mgement, and that risk-neutral landlords would be
indifferent between either no-till or conventioidll Archer and Reicosky [23valuated the effects of
no-till and five tillage system alternatives: fedisidue management (Fall RM), Fall RM + strip-gka
(ST), spring residue management (Spring RM), SpRiMj + ST, and Fall RM + Subsaoill, relative to
conventional moldboard plow and chisel plow tillaggstems on corn and soybean yields and
economic risks and returns. SERF risk analysis shotillage system preferences ranked as: Fall
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RM > no-till > Fall RM + ST > Spring RM + ST, SpgrRM > chisel plow > Fall RM + Subsoil >
moldboard plow for risk neutral or risk averse progrs facing uncertain yield, crop price, and input
price conditions. Archer and Reicosky [23] concldideat ST and no-till might be economically viable
alternatives to conventional tillage systems fancand soybean production in the northern Corn.Belt
Grove and Oosthuizen [24] used an expected ubliymization model and SERF to evaluate deficit
irrigation economics within a multi-crop setting Nehtaking into account the increasing production
risk of deficit irrigation. They concluded that,tredugh deficit irrigation was stochastically more
efficient than full irrigation under limited watesupply conditions, irrigation farmers would not
voluntarily choose to conserve water through defragation and would require compensation to do
so. Finally, Williamset al [25] examined the economic potential of producagvheat and grain
sorghum rotation with three different tillage ségies (conventional, reduced, and no-till) compared
with the Conservation Reserve Program (CRP) innaiag&l region. They used enterprise budgeting
and SERF to determine the preferred managemernéegiga under various risk preferences. Results
indicated that CRP would be the preferred strategynore risk averse managets,, only individuals
who were risk-neutral or slightly risk averse woptefer crop production to continued CRP enroliment
To our knowledge, this study represents the fitstnapt to apply a continuum of risk analysis
methods for comparing the economic sustainabitilyough income-risk efficiency) of conventional
and reduced tillage systems. Each method provittesaht insights about risk and returns; therefore
the purpose of comparing different methods (apptedhe same problem) is to elicit additional
information to better understand the impacts ohdétage system alternative on farm sustainability
(where risk is concerned). Fourteen years (19903200 economic budget data collected from 35
treatments on 36 plots with continuous caZed may4..) and corn-soybearts{ycine max_.) rotation
cropping systems at the lowa State University Neathh Research Station near Nashua, 1A, USA were
used. The field research experimental study wagied in 1977; Chase and Duffy [8] previously
analyzed economic data (net return) for the ye8®&841987. The specific objective of this research
was to utilize SSD, stochastic dominance with respea function (SDRF), and SERF approaches to
stochastically evaluate the economic sustainabiypss margin and net return) of four different
tillage system alternatives (chisel plow, moldboglalv, no-till, and ridge-till) on continuous coamd
corn/soybean rotation cropping systems. We andhedillage system alternatives across a continuum
of risk since the risk aversion level of the demisiaker is typically unknown; therefore, risk effncy
of the tillage alternatives is calculated usingrge of assumed risk aversion levels. It is impbttanote
that farmers balance tradeoffs between risk anfitabdity in their own personal wayi.€., attitudes
towards risk depend on being a risk taker, risktnagurisk avoider, or somewhere in between these
three levels). The SSD, SDRF, and SERF methodw alomon-biased comparison of risk and return
tradeoffs with reasonable assumptions about hoavradr might value them, thereby avoiding having
to directly ask individuals about their specifiskiichoices. In addition to the stochastic dominaarwk
SERF analyses, we conduct a non-stochastic anabfsithe tillage system alternatives using
mean-variance and coefficient of variation (CVistacal criteria approaches for the purpose diahi
comparison and sustainability ranking. Finally, apply a straightforward complementary method, the
probability of target value or Stoplight approador analyzing and visually displaying the
probabilistic information contained in the tillaggstem CDFs.
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2. Materials and Methods
2.1. Field Study

Data for our study were obtained from 36, 0.4-lsplocated at the lowa State University Northeast
Research Station near Nashua, 1A, USA (43.0°N,°92)5The experimental plots were established to
quantify the impact of management practices on production and water quality [26,27]. The soils ar
predominantly Floyd loam (fine-loamy, mixed, megiquic Hapludolls), Kenyon silty-clay loam
(fine-loamy, mixed, mesic Typic Hapludolls) and Bla loam (fine-loamy, mixed, mesic Aquic
Hapludolls) with 30 to 40 g kb (3 to 4%) organic matter [28]. These soils are ematkly well to
poorly drained, lie over loamy glacial till, andltweg to the Kenyon-Clyde-Floyd soil associationil So
slopes varied from 1 to 3% among the various plbhe field experiments were established on a 15 ha
research site in 1977 using a randomized completk l@esign with three replications. The seasonal
water table at the site fluctuates from 20 to 160 and subsurface drainage tubes/pipes (10 cm in
diameter) were installed in the fall of 1979 at 20 depth and 29 m apart. Three experimental phases
were conducted from 1978-1992, 1993-1998, and I8¥¥B- From 1978-1992, there were four
tillage treatments (chisel plow, moldboard plow;tillp and ridge-till) under two different cropping
sequences (continuous corn and both phases oasogbean rotation). Crop yield was the primary
measurement from 1978-1989. Experimental dataatetestarting in 1990 included tile drain flow,
nitrate concentration in tile drain flow, residudrogen (N) in soil, and crop yield, biomass, gutaint
N uptake. From 1993-98, there were two tillage ttreants (chisel plow and no-till), with eight N
management treatments (e.qg., different rates, tohepplication, fertilizer type and/or swine maaur
for chisel plow and four N treatments for no-tilitvno change in the number of crop sequences. The
experimental data collected remained essentialtysdime as from 1990-1992 with the addition of
runoff. Continuous corn was replaced with both pkasf the corn-soybean rotation in 1999 and the
experiments were continued along with ten fertiliaad swine manure treatments in the chisel plow
system and two swine manure treatments in thellngystem. All plots received swine manure and/or
urea-ammonium-nitrate (UAN) fertilizer each croppiseason, with the swine manure applied in
either fall or spring using application rates basaa N or phosphorus (P) needs for the
corn-soybean/soybean-corn rotations. Experimengdsurements from 1999-2003 again focused on
tile drain flow, nitrate concentration in drain o soil N, and crop yield, biomass, and N uptake.
Table 1 lists the major management practices atrirent (e.g., tillage and cropping systems) from
1990 to 2003 for the Nashua experiment.

2.2. Economic Budget Data and Analysis

Economic budgets for 1990 to 2003 were developegaas of the web-based USDA Natural
Resources Conservation Service (NRCS)—EconDoc exggghtool. Primary data sources for the study
included both Nashua experimental records and U3X2Aonal Agricultural Statistical Services
(NASS) published data. The economic budget approaashused to summarize the per unit (hectare)
revenue, gross margin (revenue—operating costd)nahreturn (revenue—total costs). This resulted
in 504 treatment (cropping/tilage system) obseovest (Table 1) of enterprise budget data with
detailed information about revenue, operating ¢casterhead costs, total costs, gross margin, ahd ne
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return stored in the EconDoc economics informatietwork. Historical market prices for commercial
brands of each input (e.g., seeds, fuels, fentjlizesticides, and herbicides, hours of machinseglyand
labor hours used) were calculated to determinénih costs for each plot in each specific yeaindur
the 1990-2003 period. Additional details on thaltobst of production for each tillage system foe t
period prior to the experimental phase analyzdtisstudy are described in Chase and Duffy [8}allo
net return to management for each of the fourg@lasystems was calculated for the Nashua
experimental plots by subtracting the total produrctcosts (including overhead costs) from the
corresponding gross return. Overhead cost is thegbahe production cost allocated to each plot
based on the overall farm expenses rather thare tbbghe specific plot, such as machinery not
specialized for a certain crop. Examples of ovedlessts are the interest paid on an equipmentdoan
management costs directly related to productiond@@rmine gross return, we used average annual
prices for corn and soybeans from NASS county datards and annual yields reported by the Nashua
experiment station. In addition to net return, grosargin for each of the four tillage systems were
calculated by subtracting the operating costs frbwa corresponding gross return. Gross margin
represents the enterprise’s contribution towardeecng the fixed costs and generation of profieaft
operating costs have been covered [29]. The netrreind gross margin data were then discounted to
reflect the net present values and averaged attresxperimental replications.

Table 1. Major management practices by treatment at thehidastern Research and
Demonstration Farm, Nashua, IA from 1990-2003*.

Treatment Treatment Cropping/tillage No. of Treatment Treatment Cropping/tillage No. of

ID period system treatmgnt ID period system treatme_nt

observations observations
1 1990-1992 CC/INT 9 19 1993-1998 CC/CP 18
2 1990-1993 CSINT 15 20 1994-2003 CS/CP 30
3 1990-1992 SCINT 9 21 1993-2003 SCI/CP 27
4 1990-1992 CC/CP 9 22 2000-2003 CS/CP 12
5 1990-1993 CS/CP 18 23 2001-2003 SC/CP 9
6 1990-1992 SC/CP 9 24 1993-1998 CC/CP 18
7 1990-1992 CC/MP 9 25 1994-2003 CS/CP 30
8 1990-1992 CS/MP 9 26 1993-2003 SC/CP 33
9 1990-1992 SC/MP 9 27 1999 CC/CP 6
10 1990-1992 CC/RT 9 28 2000-2003 CS/CP 12
11 1990-1992 CS/RT 9 29 2000-2003 SCI/CP 12
12 1990-1992 SC/RT 9 30 2000 CC/CP 3
13 1994-1998 CSINT 15 31 2001-2003 CS/CP 9
14 1993-2000 SCINT 27 32 2001-2003 SCI/CP 9
15 1994-1999 CS/CP 21 33 2000-2003 CSINT 12
16 1993-2000 SC/CP 27 34 2001-2003 SCINT 9
17 1994-1999 CSINT 18 35 1999-2000 SCI/CP 6
18 1993-1998 SCINT 18

"CS: corn-soybean rotation with corn during evenrge&C: soybean-corn rotation
with corn during odd years; CC:. continuous corn;: @Risel plow; RT: ridge-till;
MP: moldboard plow; NT: no-till.
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It is important to emphasize that both gross maagid net returns were used to explore risk-return
tradeoffs in this study and that government subsidpme was not included. Conventional wisdom
considers gross margindg,, the revenue above the total costs for eachmmerbudget) to be a more
useful indicator for long-term farm planning. Netturns are a useful short-term planning tool to
compare one enterprise to another, but can be anisig if used to disqualify farm enterprises with
low net returns that still contribute towards loegm fixed farm costs. For example, a farmer may
decide to continue producing a certain crop evengh the crop revenue covers the production cost
but does not cover the total cost. The farmer mékissdecision because any contribution beyond the
production cost is better than the alternativeafilg other costs (e.g., a fixed cost such as dise af
a long-term investment) left uncovered. Therefove,consider both gross and net returns since each
contributes unique information.

Although examining mean values for economic peroroe measures is useful, it is also important
to examine variability to determine if risk affed¢tee decision to use one system or another. Nedirly
farm managers are risk averse,, most will accept fewer dollars of return for fewdollars of
variability or loss. Each decision maker tradesrisfk and return at their own rate, so it is difficto
prescribe a specific strategy for any one manadgédrsome initial conclusions can be made with the
use of statistical criteria such as mean-variama @efficient of variation (CV) [16]. Risk averse
farm managers generally prefer systems that hatrethe largest mean gross margin or net return and
smallest variance. The advantage of the CV criteisothat it simplifies the criteria to a singlelva
for each alternative and eliminates ambiguity. T3 criterion works well if the means of all the
alternatives are similar and not close to zeroigadvantage of the CV criterion is that it ignoties
skewness and extreme downside risks associatedsontle alternatives.

2.3. Stochastic Dominance Techniques

A detailed discussion of the usefulness of stoahakiminance decision criteria can be found in
Robison and Barry [30]. Boggess and Ritchie [31d #villiams et al [32] also present the rationale
and application of various techniques. The thecaétttractiveness of stochastic dominance analysis
lies in its non-parametric orientatione., it does not require a full parametric specifimatof the
preference of the decision-maker and the statisfis#&ribution of the choice alternative [4,33,34k
previously discussed, several decision criteriasfochastic dominance exist including FSD, SSD and
SDRF. Given two alternatives, A and B, each witr@bability distribution of outcomes defined by a
CDF, A dominates B in the FSD sense if the CDF a$ Always below and to the right of the CDF of
B. SSD holds for those decision makers who arerréskral or risk averse, thus the applicable rafge
the absolute risk aversion coefficiepf{@ measure of how much a person would pay to awsikgl for
the SSD criterion is from 0 to + The rule selects distributions that are prefetrgdall risk averse
decision makers as being risk-efficient, irrespectf their degree of risk aversion. Strategies &na
SSD efficient will have a smaller area under tleeimulative probability distribution than those that
are not, as the area is summed across the obsawati net return from lowest to highest. Although
more powerful than FSD, SSD often leaves a largmb®i of choices as being risk-efficient. To
improve the discriminating power of SSD, Meyer [pspposed SDRF that is a more general notion of
stochastic dominance. This rule helps to idenigk-efficient options for the class of decision raek
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whose risk aversion coefficients are bounded byeloand upper values. The smaller the range of risk
aversion coefficients, the more powerful is thdecion. The SDRF criterion orders the choices by
defining intervals using the absolute risk aversion coefficients. These rigdgnence intervals are
bounded by a lower risk aversion coefficient, and an upper risk aversion coefficient,, which
characterize the general degree of risk aversiorafmanger. A risk-efficient set of strategies will
include the choices preferred by each manager baisk preferences consistent with the restrictions
imposed by the lower to upper interval. A compreien review of SDRF is provided by
Cochran [36]; King and Robison [37] and Robison &adry [30] also present further discussion of
these concepts and the technique.

Unlike the stochastic dominance techniques predeatteve which typically find a set or subset of
dominated alternatives, SERF identifies and ordeifgy efficient alternatives in terms of certant
equivalents (CEs) for a specified risk preferertdardakeret al [15] state that the SERF procedure
can potentially find a smaller set of preferredatsgies i(e., has stronger discriminating power)
compared to stochastic dominance approaches irti@ddo being more transparent and easier to
implement. The CE of a risky alternative (in thisdy the type of tillage system) is the amount of
money at which the decision maker is indifferentwsen the certain dollar value and the risky
alternative. That is, the CE is the sure amoumhofey with the same utility as the expected utihty
a risky alternative [38] and can be calculateddiyrg the inverse of the utility function U:

CE (w, r(w)) = U* (w, r(w)) 1)

where w is the initial wealth and r(w) represefiis tisk aversion coefficient with respect to wealth
Strategies with higher CEs are preferred to thodgk lewer CEs and interpretation of the CEs is
straightforward because, unlike utility values, ytheay be expressed in monetary terms [19]. To
calculate the CEs using SERF, various types oityfiinctions can be used (e.g., power, negative
exponential, quadratic, log-log). In this studymsar to that of Pendelet al [21], we assume a
negative exponential form for the utility function:

U(w) = exp(r aw)) (2)

where g(w) is the absolute risk aversion coefficient (ARAWIth respect to wealth. Given a random
sample of size n from alternative w with i possibigcomes, the estimated CE can be defined as:

1

CE(w,r, (W) = In{( - " explr,(wyw,) =) 3)

A negative exponential utility function conformsttee hypothesis that managers prefer less risk to
more given the same expected return and assumesgerarhave constant absolute risk aversion [20].
Under this assumption, managers view a risky gyater a specific level of risk aversion the same
without regard for their level of wealth. Babcoekal [39] state this functional form is often used to
analyze farmers’ decisions under risk. The decisida for SERF is to rank the risky alternatives
(within the decision makers specified risk averstmefficient) from the most preferrede(, the
highest CEs at specified levels of risk aversianihie least preferred.€., the lowest CEs at specified
levels of risk aversion). Richardsah al [40] presents a utility-weighted risk premium (RRat is
calculated once the strategies are ranked usingEheesultsi(e., the risk premium changes as the
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degree of risk aversion increases or decreasets)idaccomplished in Equation (4) by subtractimg t
CE of a baseline (often a less preferred) stratdsom the CE of an alternative (often a preferred)
strategy A where:

RP(A, B, &) = CE(A, i) CE(B, ry) (4)

The RP, a utility weighted risk premium for a rigkeferring to risk averse decision maker, refleloes
minimum amount ($/ha for the tillage system altéxes considered in this study) that will have & b
paid to a decision maker to justify a switch frolemnative A to B [15].

2.4. The Stoplight or Probability of Target Value®edure

Methods that rely on evaluating CDFs can be diffider many people to understand. A
“probability of target value” or “stoplight” graprelies on CDF information but is a more visually
appealing depiction of probabilistic information.nd Stoplight procedure [40] calculates the
probability of a measure (e.g., mean gross margirebreturn) exceeding an upper cutoff value, ¢pein
less than a lower cutoff value, or having a valaeMeen the upper and lower cutoff values (the €utof
values can be input directly from the decision makeke a stoplight, the three ranges are assigned
colors of red (less than the lower cutoff valuellgw (between the upper and lower cutoff values),
and green (exceeding the upper cutoff value).

2.5. Risk Simulation Analyses

The Simetar© 2008 risk analysis software [40] wasduto perform the SDRF and the SERF
analyses. Simetar© 2011 (not yet released to tidigduwith improved SSD methodology was used
for the SSD analysis. For the SDRF stochastic danda analysis, seven intervals (three negative,
three positive, and one encompassing risk neuwtyalit absolute risk aversion coefficients were used
to categorize risk-preferring to risk averse bebavKing and Robison [37] suggested that most
intervals based on whole-farm analysis should habéshed between 0.0001 to +0.001. A study
conducted with Kansas farm managers by Thomasdddgested that the range could be 0.0005 to
+0.005. Many studies normalize the range of riskirsg} wealth. The relation between absolute and
relative risk aversion is(w) = r(w)/w where {w) is the relative risk aversion coefficient witbspect
to wealth (w) [15]. Anderson and Dillon [42] progasa general classification of degrees of risk
aversion, based on(w), in the range of 0.5 (hardly risk averse) tpmaximately 4 (extremely risk
averse). Average wealthd,, gross margin and net return) in this study rdnfgem $247.05/ha (corn
net return) to $371.03/ha (soybean gross margirgsacthe tillage system alternatives. Assuming a
10% return (R) on the value of the assets withranabdebt to asset (DA) ratio of 20%, the ARAC at
the extremely risk averse level can be calculased a

40
] x (W (5)
(10- DA)* ()

ARAC =

Using Equation 5 and the average wealth valuesspted above, calculated ARAC values ranged
from 0.0013 to 0.0021. The ARAC upper limiffrwas expanded slightly to 0.003 (to encompass the
ARAC value of 0.0021) with a corresponding ARAC kEmwlimit (r,) of 0.0 {.e., a risk neutral
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condition). Therefore, the preference intervalsduee the SDRF analysis were: (1) 0.0 to 0.0008k(ri
neutral); (2) 0.0005 to 0.001; (3) 0.001 to 0.08a8d (4) 0.002 to 0.003 (risk averse). For the SERF
analyses, gross margin and net return CE curvesrdyy (corn and soybean) for the tillage system
alternatives were produced by calculating 25 CRieslfor each curve over the entire range (0.0 to
0.003) of absolute risk aversion. The STOPLIGHTction in Simetar© 2008 was used to perform the
Stoplight analysis. The user must specify two pbiliig targets (a lower target and an upper target)
for the Stoplight analysis. For this study, the empgputoff target corresponds to one standard dewiat
above the mean and the lower cutoff target cormesdpeo one standard deviation below the mean.

3. Results
3.1. Mean-Variance and CV Analysis

Table 2 shows that the moldboard plow and riddd#ihge systems had the highest mean gross
margin for corn, while the no-till and moldboardpl systems had the highest mean gross margin for
soybean. No tillage system alternative exhibitedliigest mean and smallest variance across tie fou
corn and soybean gross margin and net return catbns. For corn gross margin, the moldboard
plow tillage system had the largest mean and sstal&riance. For soybean gross margin, the no-till
system had the largest mean but also had a muttermigriance than the moldboard plow tillage
system, indicating a larger degree of risk relatwvethe expected return.€., there would be a
significant amounof net income given up to reduce risk with the iticsiystem). Table 3 shows that
the mean-variance analysis for net return was Kaeteopposite (with respect to corn and soybean)
compared to gross margin. That is, for soybearretatn the moldboard plow tillage system had the
largest mean and the smallest variance, and for e no-till system had a larger mean net return
than the moldboard plow system but also a muchetavgriance. The no-till and moldboard plow
tilage systems had the highest mean net returtbdtin corn and soybean. Tables 2 and 3 show that
the moldboard plow and ridge-till distributions gpéatykurtic, i.e., they display excess negative
kurtosis. In terms of shape, a platykurtic disttibn has a lower, wider peak around the mean
(i.e., a higher probability than a normally distributeatiable of values near the mean) and thinnes tail
(if viewed as the height of the probability densitg., a lower probability than a normally distributed
variable of extreme values). Overall, the systeitihwhe least amount of risk for gross margin and ne
return, if measured by variance alone, was the bwad plow tillage system. Based on the
mean-variance statistical criteria, Tables 2 arsh@w that there would be little motivation for anfa
manager taise either the chisel plow or the ridge-till sysseas both systems in general had lower
mean gross margins and net returns with higheameaeis for chisel plow than for the other two tilag
systems. However, it is worth noting that the ritigetilage system had lower variances than the
no-till system for all the corn and soybean grossgim and net return combinations.
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Table 2.Corn and soybean gross margin for the Nashudlléye system alternatives.

Gross margin ($/ha)

Chisel plow Moldboard plow No-till Ridge-till
Corn
Mean 300.18 364.31 310.19 320.43
Variance 17350.2 10520.6 13502.4 12805.2
Coefficient of
variation (CV) 0.44 0.28 0.37 0.35
Skewness 0.40 0.63 0.22 0.27
Kurtosis 0.02 1.42 0.56 1.02
Range 636.42 291.20 493.32 357.19
(73.15-563.27) (236.10-527.30) (69.46-562.78) (150.70-507.89)
Soybean
Mean 364.48 371.88 427.33 320.44
Variance 27712.3 4191.3 27370.4 8361.3
Coefficient of
variation (CV) 0.46 0.17 0.39 0.29
Skewness 0.46 0.21 0.39 0.29
Kurtosis 0.07 1.72 0.13 0.75
753.83 163.38 699.17 240.88
Range

(92.10-845.93) (288.93-452.31) (102.57-801.74) (164.32—405.20)

Table 3.Corn and soybean net return for the Nashua, lI&gel system alternatives.

Net return ($/ha)

Chisel plow Moldboard plow No-till Ridge-till
Corn
Mean 236.49 257.29 282.32 212.11
Variance 35298.9 10545.2 27652.4 13301.0
Coefficient of
variation (CV) 0.79 0.40 0.59 0.54
Skewness 0.33 0.59 0.84 0.19
Kurtosis 0.10 1.37 0.43 0.98
Range 825.62 300.02 620.96 370.96
(261.14-564.48) (123.71-423.73) (34.22-655.18) (32.30-403.26)
Soybean
Mean 247.15 302.29 281.46 249.73
Variance 10656.4 4443.6 21824.2 8983.2
Coefficient of
variation (CV) 0.42 0.22 0.52 0.38
Skewness 0.42 0.22 0.52 0.38
Kurtosis 0.42 1.71 0.03 0.78
727.17 168.37 789.29 246.79
Range

(156.22-570.95)

(214.30-382.67)

(162.59-626.70)

(87.76-334.55)

As indicated previously, farm managers will giveinpome for reducedariability. If the manager

accepts a dollar less of retdan a dollar less of risk (standard deviation) atre-to-oneatio, the CV
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can be used as a reasonable decision criterioncdrarand soybean gross margin and net return, the
chisel plow and no-till systems had the highest @\th the moldboard plow tillage system having the
lowest CVs, thus indicating a lower amount of r{3lables 2 and 3). Moldboard plow tillage system
CVs for corn and soybean gross margin and netrregamged from 0.17 to 0.40 which indicatkdt

the standard deviation was consistently less tmmhalf of the mean. It is interesting to note tinat
gross margin and net return CVs in Tables 2 ande@wubstantially higher than the CVs for total
revenue and total cost (data not shown). In themgyroducer could examine only mean-variance and
CV risk-tradeoff results and simply decide whidhate system alternative is best; however, this may
be difficult in practice in that these criteria@itexhibit high variability and can result in cadictive

and inconclusive rankings. Application of more sspbated risk-based methodology, such as
stochastic dominance or SERF, can help farm masaget decision makers see these tradeoffs more
clearly with very few additional assumptions.

3.2. Stochastic Dominance Analysis
3.2.1. Second-degree Stochastic Dominance (SSD)

The corn and soybean gross margin CDFs for the INgdA tillage system alternatives are shown
in Figures 1 and 2, respectively, with the corn aagbean net return CDFs shown in Figures 3 and 4,
respectively. Since the CDFs intersect each othenudtiple points, including intersection on the
negative tails, first-degree stochastic dominascdadonclusive and the decision maker would require
additional information (based on the area undemeath point of the CDF) offered by second-degree
stochastic dominance (SSD). The ranking resulth®fSSD analysis are presented in Tables 4 and 5.
For corn gross margin (Table 4), SSD analysis eftilage system alternatives (reading dominance
from left to right across the table rows) showst ttiee moldboard plow tillage system alternative
dominated all other tillage system alternatives #red chisel plow tillage system alternative did not
dominate any other tillage system.. The resultgtierno-till and ridge-till tillage system alteriags
were mixed,.e., these two tillage system alternatives dominai@tie but not all of the other tillage
system alternatives.

SSD analysis of soybean gross margin indicatesttieatnoldboard plow tillage system alternative
dominated the ridge-till and chisel plow tillagessm alternatives but not the no-till system. In
contrast to corn gross margin, both the ridgeatiitl chisel plow tillage system alternatives did not
dominate any other alternative (Table 4).

SSD analysis of corn net return was nearly idehtecaorn gross margin with the exception that the
ridge-till tillage system alternative dominated th@till system for corn gross margin but not fat n
return (Table 5). Interestingly, the soybean nétirre SSD analysis was also nearly identical to the
soybean gross margin SSD analysis—the only diffterewas that the ridge-till tillage system
alternative dominated the chisel plow system fgthsan net return but not for gross margin.
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Figure 1. Corn gross margin cumulative distribution funceqi©DFs) for the Nashua, IA
tillage system alternatives.
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Figure 2. Soybean gross margin cumulative distribution fioms (CDFs) for the Nashua,
IA tillage system alternatives.
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Figure 3. Corn net return cumulative distribution functio@DFs) for the Nashua, 1A
tillage system alternatives.
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Figure 4. Soybean net return cumulative distribution funasigCDFs) for the Nashua, 1A
tillage system alternatives.
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Table 4. Corn and soybean gross margin second-degree stachtbminance (SSD)
analysis for the Nashua, IA tillage system alteweet

SSD
Chisel plow Mokljboard No-till Ridge-till dominance
plow ranking level
Corn
Chisel plow Not dominant Not dominant Not doairy 4
Moldboard plow Dominant Dominant Dominant 1
No-till Dominant Not dominant Not dominant 3
Ridge-till Dominant Not dominant Dominant 2
Soybean
Chisel plow Not dominant Not dominant Not doairy 3
Moldboard plow Dominant Not dominant Dominant 1
No-till Dominant Not dominant Not dominant 2
Ridge-till Not dominant Not dominant Not dominant - - 3

Table 5. Corn and soybean net return second-degree stackhastinance (SSD) analysis
for the Nashua, IA tillage system alternatives.

SSD
Chisel plow Mokljboard No-till Ridge-till dominance
plow ranking level
Corn
Chisel plow Not dominant Not dominant Not doairy 3
Moldboard plow Dominant --- Dominant Dominant 1
No-till Dominant Not dominant Not dominant 2
Ridge-till Dominant Not dominant Not dominant 2
Soybean
Chisel plow Not dominant Not dominant Not doairy 3
Moldboard plow Dominant --- Not dominant Dominant 1
No-till Dominant Not dominant Not dominant 2
Ridge-till Dominant Not dominant Not dominant 2

The above results indicate that the moldboard @ad no-till tillage system alternatives were the
most preferredife., ranked either first or second) for all SSD asafy with the exception of corn
gross margin. In this case, Table 4 shows thatitige-till tillage system alternative was the seton
most preferred after the moldboard plow tillagetsysalternative. However, these results may not be
conclusive in that a known weakness of SSD is thaloes not rigorously discriminate between
distributions at all levels. This is problematia fanalyzing many economic scenarios in agriculture
because the most risk is usually at the distribbutanls {.e., very low levels of gross margin or net
return). For example, in Figure 2, the no-tillddle system alternative clearly dominates the ridige-
system in every case except the lower outcomesenttexr CDFs cross at approximately 0.10 in
cumulative probability. SSD assumes risk aversionitscannot rank the no-till tillage system
alternative as dominant over the ridge-till syst@mvice versq SSD accounts for the possibility that
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some decision makers possess an absolute riski@ve@ameter that is so large that the utilityaof
small difference at the lowest observation is exttanarily important. In empirical work, it is ofte
found that these two forms of analysis are notrdigoating enough to yield useful results, meaning
that the efficient set can still be too large todasily manageable [37,43,44]. Moreover, as nated i
relation to loss aversion, allowing for extremek @version is unrealistic. Therefore, there is sedar
using SDRF, which allows for tighter restrictions risk aversion.

3.2.2. Stochastic Dominance with Respect to a Fem¢EDRF)

As previously discussed, the SDRF analysis wasopedd using four intervals (bounds) for the
lower () and upper @) and absolute risk aversion coefficients. Theagdl system alternative
rankings based on generalized SDRF are present€&dhbies 6 and 7. SDRF rankings are shown for
the most preferred (ranking = 1st) to the leastfepred (ranking = 4th) for the tillage system
alternatives. For corn gross margin, the SDRFgdlaystem alternative rankings (from the most
preferred to least preferred) were identical forARAC intervals {.e., from risk neutral to extremely
risk averse): moldboard plow, ridge-till, no-tiind chisel plow (Table 6). For soybean gross margin
the no-till and ridge-till tillage system alternags were ranked the highest and lowest, respegtitcel
all ARAC intervals. Similar to soybean gross maydar corn net return the no-till and ridge-tillldge
system alternatives were ranked the highest anddtwespectively, for all ARAC intervals with the
exception of the extremely risk averse ARAC lev@l002 to 0.003) where the chisel plow tillage
system alternative was the lowest ranked (Tabl&ah soybean net return, the moldboard plow tillage
system alternative was the highest ranked followedhe no-till tillage system alternative (Table 7)
The SDRF results in Table 4 are quite similar ® 38D results in that the moldboard plow and no-til
tillage system alternatives were the most prefefred ranked either first or second across nearly all
risk aversion levels) with the exception of corogg margin. Identical to the SSD analysis, the SDRF
corn gross margin analysis in Table 6 shows thgeritll tillage system alternative as the secondtmo
preferred (after the moldboard plow tillage systtarnative).

Table 6. Corn and soybean gross margin stochastic dominaitberespect to a function
(SDRF) analysis for the Nashua, IA tillage systdtaraatives.

SDRF dominance ranking level

Absolute risk aversion coefficient

1st 2nd 3rd 4th
(ARAC) level
Corn
0.0 to 0.0005 (Risk neutral) Moldboard plow Ridge-t No-till Chisel plow
0.0005 to 0.001 Moldboard plow Ridge-till No-till hsel plow
0.001 to 0.002 Moldboard plow Ridge-till No-till el plow
0.002 to 0.003 (Risk averse) Moldboard plow Ridte-t No-till Chisel plow
Soybean
0.0 to 0.0005 (Risk neutral) No-till Moldboard plow Chisel plow Ridge-till
0.0005 to 0.001 No-till Moldboard plow Chisel plow  Ridge-till
0.001 to 0.002 No-till Moldboard plow Chisel plow idge-till

0.002 to 0.003 (Risk averse) No-till Moldboard plow Chisel plow Ridge-till
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Table 7. Corn and soybean net return stochastic dominaritie respect to a function
(SDRF) analysis for the Nashua, IA tillage systdtaraatives.

SDRF dominance ranking level

Absolute risk aversion coefficient

1st 2nd 3rd 4th
(ARAC) level
Corn
0.0 to 0.0005 (Risk neutral) No-till Moldboard plow Chisel plow Ridge-till
0.0005 to 0.001 No-till Moldboard plow Chisel plow  Ridge-till
0.001 to 0.002 No-till Moldboard plow Chisel plow idge-till
0.002 to 0.003 (Risk averse) No-till Moldboard plow Ridge-till Chisel plow
Soybean
0.0 to 0.0005 (Risk neutral) Moldboard plow No-till Ridge-till Chisel plow
0.0005 to 0.001 Moldboard plow No-till Ridge-till hsel plow
0.001 to 0.002 Moldboard plow No-till Ridge-till el plow
0.002 to 0.003 (Risk averse) Moldboard plow No-till Ridge-till Chisel plow

Richardsonet al [40] strongly proposed using SERF methodologpiiRF analysis calculated
different efficient sets and also to determineghecise ARAC level where the efficient set changes.

3.2.3. Stochastic Efficiency with Respect to a Riomc(SERF)

For ease in interpreting the SERF results, the @Hke tillage system alternatives can be graphed
on the vertical axis against risk aversion on tbazontal axis over the range of the ARAC values.
Where the lines intersect, the strategies are atpnv to each other in terms of risk aversion. SERF
results for corn and soybean gross margin andetetrr are shown in Figures 5-8. Figure 5 shows the
gross margin CE results for all ARAC values for tilage system alternatives under corn. The result
show that the rankings do not appreciably changesisaversion increases and that the moldboard
plow tillage system was preferred across the eméinge of risk aversion. For a risk neutral decisio
maker, the overall difference between the grosggmaf the tillage system alternatives was ~$75/ha.
This indicates the risk preferring farmer would di¢e receive ~$75/ha to be indifferent between the
moldboard plow tillage system (highest ranked) dredchisel plow system (lowest ranked), and less
than $75/ha for the no-till and ridge-till systemish nearly identical rankings. The difference moss
margin between the tillage system alternatives neetanearly constant as the risk aversion increased
(Figure 5). Under extreme risk aversion (ARAC =0R)) the farmer would need to receive ~$60/ha to
be indifferent between the moldboard plow tillagstem and the no-till system and ~$80/ha to be
indifferent between the moldboard plow tillage systand the chisel plow tillage system. The gross
margin CE results for all ARAC’s for the tillagestgm alternatives under soybean are presented in
Figure 6. The no-till tillage system alternativesathe most preferred and the ridge-till tillageteys
alternative the least preferred across the entregge of risk aversion. Similar to the SERF CE
calculations for corn gross margin in Figure 5, sligbean gross margin CE calculations in Figure 6
show a CE range of ~$50 to $60/ha between theeilkystem alternatives across the entire range of
risk aversion.
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Figure 5. SERF corn gross margin certainty equivalents (G&sjhe Nashua, IA tillage
system alternatives.
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Figure 6. SERF soybean gross margin certainty equivalentss) @& the Nashua, 1A
tillage system alternatives.
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The net return CE results for all ARAC values foe tillage system alternatives under corn and
soybean are shown in Figures 7 and 8, respectiVélg.corn net return results in Figure 7 show that
the no-till tillage system alternative was the moferred until the ARAC reached a moderate level
of risk aversion (ARAC = 0.0015) at which point mbbard plow was the most preferred tillage
system alternative.

Figure 7. SERF corn net return certainty equivalents (CEs)tfi@ Nashua, IA tillage
system alternatives.
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The chisel plow and ridge-till tillage system aftatives switch between the third and least most
preferred system, respectively, again at a modéeat# of risk aversionif., ARAC = 0.0015). The
soybean net return results in Figure 8 show thatntioldboard plow tillage system was preferred
across the entire range of risk aversion. The lhditage system alternative was the second most
preferred system until the ARAC reached approxitgade0005 at which point the ridge-till tillage
system was the second most preferred. Figure 8sllsws that chisel plow was the least preferred
tilage system alternative for soybean net retwross all risk aversion levels (but only by a small
margin), unlike the corn net return results in Fegd where the chisel plow tillage system altexreati
was preferred over the moldboard plow system umditierate levels of risk aversion were reached.
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Figure 8. SERF soybean net return certainty equivalents Y@ishe Nashua, IA tillage
system alternatives.
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The risk premium results for corn and soybean gmossgin and net return calculated using
Equation (4) are shown in Figures 9 and 10. THepiemium results compare the absolute differences
in the CEs for the moldboard plow tillage systeine(baseline system) to the three other tillage
systems across the entire range of risk aversioncérn gross margin (Figure 9a), all risk premiums
for the no-till, ridge-till, and chisel plow tillag systems were negative, indicating a farm manager
would not pay to use these systems based on ecoreamsiderations alone. As shown in Figure 9b
for soybean gross margin, the risk premiums wegatne for ridge-till across the entire range akri
aversion, indicating a decision maker would not payuse this tillage system. However, the risk
premiums for no-till were positiva,e., a decision maker would pay up to ~$60/ha to theeno-till
system instead of the moldboard plow system fde misutral preferences and up to ~$30/ha to use the
no-till system instead of the moldboard plow systemextremely risk averse preferences. For corn
net return (Figure 10a), the no-till risk premiurasypositive (~$10/ha) with respect to the moldboard
plow risk premium until an ARAC of 0.001 was reagh&he moldboard plow tillage system would be
preferred to the no-till system from this pointvi@rd as risk aversion increases. All corn net retur
risk premiums for the chisel plow and ridge-tillage system alternatives were negative across the
entire range of risk aversion, again indicatingaentf manager would probably not pay to use these
systems. For soybean net return (Figure 10b),ithepremiums ranged from a maximum of ~$40/ha
for no-till and a risk neutral decision maker to68#ha for chisel plow/no-till and an extremely risk
averse decision maker. This indicates that at aA@Rf 0.0, the risk neutral manager would need to
receive ~$40/ha to be indifferent between the hatid the moldboard plow tillage systems. This
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“indifference” payment between no-till and moldbdgiow increases to ~$60/ha for the extremely risk
aversei(e., ARAC = 0.003) decision maker. Similar to Fig@®ae for corn gross margin, all soybean net
return risk premiums for the no-till, ridge-tillnd chisel plow tillage systems were negative.

Figure 9. (a) Corn gross margin risk premiums (RPs) relativenimdboard plow for the
Nashua, IA tillage system alternative®) (Soybean gross margin risk premiums (RPS)
relative to moldboard plow for the Nashua, IA Giéasystem alternatives.
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Figure 10. (a) Corn net return risk premium (RPs) relative toldboard plow for the
Nashua, IA tillage system alternativeB) Soybean net return risk premium (RPs) relative

to moldboard plow for the Nashua, IA tillage systalernatives.
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3.3. Stoplight Analysis

The Stoplight visualization tool is effective whehe objective of the decision maker is to
determine the probability of an outcome betweeneupmnd lower cutoff values when analyzing
alternatives. Figure 11 illustrates the probabildf having a corn and soybean gross margin
(Figures 11a,b) or net return (Figures 11c,d) abgupper cutoff value) or minus (lower cutoff v&ju
one standard deviation of the mean for each tillagetem, based on the cumulative probability
functions (e.g., Figures 1-4). The upper and lowetoff values ($/ha), respectively, are
$433.00/$182.00 for corn gross margin (Figure 1%%5y13.31/$218.00 for soybean gross margin
(Figure 11b); $423.16/$72.30 for corn net returigfe 11c); and $375.73/$142.57 for soybean net
return (Figure 11d). Figures 11a,b clearly show thidne decision maker is interested in the dowasi
risk associated with gross margin then the moldbpéow tillage system is preferred as there was no
probability range less than the lower cutoff value, one standard deviation below the mean) for this
system. The moldboard plow tillage system is agagferred if the decision maker is interested m th
probability of achieving a higher mean gross margine Stoplight net return analyses for corn and
soybean in Figures 11c,d are similar to the groasgm results in that the moldboard plow tillage
system is preferred regardless of whether the tlgeof the decision maker is to minimize risk or
maximize net return. An additional piece of usefiibrmation that the Stoplight analysis can provide
is the probability of obtaining a negative grossrgira or net return. When the lower cutoff value
($/ha) is set to 0.0 (instead of minus one stand@ndation) there is zero probability that corn or
soybean gross margin (across all tillage systeetradtives) will be negative. For corn and soybegin n
return and a lower cutoff value ($/ha) of 0.0, otiig chisel plow tillage system for corn and thetitio
system for soybean had a probability of a negatern (10% and 3%, respectively). The Stoplight
results shown in Figure 11 are comparable to thRFSEnalysis results with the exception that the
moldboard plow tillage system was superior in abes. For the SERF results, the no-till system was
preferred for soybean gross margin at all but tkieeene level of risk aversion, and the ridge-till
system was preferred for corn net return at aklewof risk aversion.

Figure 11. Stoplight analysis results foa)(corn gross marginpj soybean gross margin,
(c) corn net return, andl} soybean net return.
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Figure 11.Cont.

4. Discussion

The above results indicate that the moldboard pdowd no-till tillage system alternatives were
more risk efficient compared to the other tillagestems, especially for farm managers who are
relatively more risk averse. Chase and Duffy [8]irfd that the moldboard plow system produced
statistically significant higher returns to landbbr, and management than the other Nashua, &ydill
systems for the years 1978-1987. Similar to thidystKlemme [3] showed that no-till tillage systems
were dominated (using FSD and SSD) by conventibladie systems for a corn-soybean rotation in
north-central Indiana. However, the results musgiified in that for the Nashua, IA data set used
our study (1990-2003), both environmental (e.gi] ha 1994-1995) and management changes
(e.g., a reduction in chemical fertilizer ratesviegn 1990-1993 and 1994-1999 on most plots)
occurred which could have affected yield and yielariability during the study period [45].
Furthermore, Klemme [3] stated that changes indgiabr costs, such as reduced herbicide costs
through improved weed control in no-till plantirgpuld lead to quite different tillage system rarmgan
for risk averse farmers (and consequently improlve telative attractiveness of no-till). This
observation was confirmed by Williamst al [25] who noted that in the current economic
environment the volatility of input costs may plagarly as big a role in tillage and cropping dexisi
as commaodity prices.

Despite the fact that many studies comparing ranre between conventional and reduced tillage
systems are contradictory, there is a growing s$fienconsensus that environmental and other
sustainability benefits of reduced tillage systenas outweigh potential disadvantages [46,47]. Chase
and Duffy [8] long ago pointed out that, despite tftentimes superior performance of conventional
tillage systems, “the adoption of conservatioragj# practices can be accomplished without lowering
economic returns or significantly increasing cheahigse.” Indeed, Figures. 5-8 show that the no-till
and ridge-till reduced tillage systems performedyveell, even with the moldboard plow tillage
system included in the analysis. For the SDRF dfidFSanalyses, the no-till tillage system alterrativ
was more risk efficient for soybean gross margid aarn net return compared to the other tillage
system alternatives. Furthermore, no-till may regudess labor which might allow more off-farm
income or alternatively the farmer could have gdarfarm. In other words, farmers using no-till may
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have higher general income that is not reflectethim gross margin or net return. It is importamt t
note that: (1) traditional stochastic dominance &@IERF analyses focus strictly on economic
sustainability without consideration of other ertdities (e.g., soil quality) which may render a
conventional tillage system environmentally unsustile in the long term; and (2) most studies
comparing economic and/or environmental data betwamventional and reduced tillage systems
omit an important area that affects profit and anstbility—the impact on farm business risk. If
decisions are made without considering risk, thasien maker can easily determine which strategy is
best, the one with the greatest average net indd8le When decisions are made considering risk,
such as in agriculture, the decision maker cansetauch a simple rule because the economic return
for each alternative is a distribution of returather than a single value [5]. In this study, weehased
various risk analysis methodologies to expand utis conceptj.e., the application of traditional
stochastic dominance and SERF methods for quamgifyhe effects of experimental designs on
economic sustainability outcomes when comparirgrditive production systems over time.

5. Summary and Conclusions

The primary goal of this study was to explore salvask ranking methods including SSD, SDRF,
and SERF to generate economic sustainability ragskior conventional and reduced tillage systems
using 14 years (1990-2003) of economic budget daitacted from 35 treatments on 36 plots at the
lowa State University Northeast Research Statioar méashua, 1A, USA. Four tillage system
alternatives (chisel plow, moldboard plow, no-tdind ridge-till) were analyzed. For the stochastic
dominance analysis, the tillage system alternatiwese ranked using second-degree stochastic
dominance (SSD) and stochastic dominance with ot¢pe function (SDRF). For the SERF analysis,
certainty equivalent (CE) values for gross margna aet return by crop were calculated for each
tilage system alternative. In addition to the &@ms&tic dominance and SERF analyses, an
economic analysis of the tillage system alternativeas also performed using simple statistical
(e.g., mean-variance and CV) measures. Finallyviteally-based Stoplight method was employed
for displaying gross margin and net return probgbdistribution information at cutoff points one
standard deviation above and below mean values.

Statistical analysis of the economic measures alprmvided somewhat contradictive and
non-conclusive rankings, e.g., examination of theamvariance and CV results for corn and soybean
gross margin and net return showed that differdlagé system alternatives were the highest ranked
depending on the criterion and the type of croprn(cor soybean). Stochastic dominance analysis
results were very similar for both SSD and SDRE:, for both methods the moldboard plow or no-till
tillage system alternatives were ranked eithet @irssecond with the exception of the ridge-tilstgm
which was ranked second for corn gross margin. S&fifysis results were dependent on the type of
crop, economic outcome of interest (gross margimeir return) and level of risk aversion. The
moldboard plow tillage system was preferred actbssentire range of risk aversion for corn gross
margin and soybean net return. The no-till tillaystem alternative was preferred across the entire
range of risk aversion for soybean gross margin.tlk® corn net return SERF analysis, the no-tid an
moldboard plow tillage system alternatives werehbpteferred depending on the level of risk
aversion. For the Stoplight analysis, the moldbgalmv tillage system was preferred for corn and
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soybean regardless of whether the objective ofldesion maker was to minimize risk or maximize
gross margin or net return. In summary, the risklysis results indicate that: (1) there was nolsing
tilage system alternative that was consistentgfgrred across the SSD, SDRF, and SERF analyses
for both type of crop and gross margin/net retamd (2) the chisel plow tillage system alternatixaes
never preferredi.g., ranked first) for any of the risk analysis metbo

Our study illustrates that using the SERF methagipko examine gross margin and net return risk
can be a useful component in analyzing tillageesyssustainability. However, the difference in tka
systems, considering risk, may be difficult to éistbecause environmental/management changes and
production cost instability can cause one tillagsteam to be selected over another. Our results also
show that using statistical or semi-quantitativehuds to rank tillage system alternatives may lead
ambiguous conclusions. Even with quantitative assests, the typical absence in commonly
advocated methods (e.g., mean-variance) of a sgéitenway to accommodate risk aversion seems
unsatisfactory. The traditional stochastic domimaand SERF methods of tillage system assessment
illustrated herein help to overcome these limitasio However, stochastic dominance and SERF
approaches for assessing tillage system sustaiydimised primarily upon economics may not tell the
whole picturej.e., it is often more productive to focus on the rilgitions of possible risky outcomes
that, in farming as in other forms of business, rbaydue to many causes such as unpredictable
weather or a shift in market prices [15]. Anothaportant factor that is difficult to measure (bautd
affect yield and subsequently gross margins/nerms} is the time it takes the farm operator toteras
the management of a new tillage system. Furtherntbee manager’'s perception of risk associated
with each tillage system is often highly qualitatvand may be the driving factor in the selection
decision. Nevertheless, the results of this studyi@portant in that they highlight the potentidl o
traditional stochastic dominance and SERF methamts guantifying income-risk sustainability
between different tillage systems (across a ramgesloaversion levels).

Several limitations of the study should be mentibne better assist with interpretation of the
results. Similar to Pende#it al [21] and others, we have used a single utilityction (negative
exponential) that approximates an inter-tempordltyutfunction. Future research should consider
alternative utility functions for SERF such as th@wer, expo-power, and log utility functions. In
addition, this study does not explicitly considée timpact of time,i.e., the results should be
considered applicable only to the time period &f #tudy and not to future data. Finally, we have
illustrated the use of a traditional stochastic d@nce and SERF framework for the problem of
evaluating alternative tillage systems based og-tenmm experimental data. The primary sustainabilit
attribute considered was risk attitude with regrdncome. However, as previously stated, farmers
have multiple farm management objectives when cemgig farm sustainability including managing
financial risk, managing institutional risk (e.gnaintaining government program eligibility), and
evaluating soil conservation or environmental beseThus, it is difficult to select whether a reed
tillage system or which tillage system is generaldgt for all farm managers, each of whom will have
personal preferences on how they perceive systm ri



Sustainability2011, 3 1061

Acknowledgements

We acknowledge the Department of Agricultural andsBstems Engineering at lowa State
University for initiating and maintaining the expeental study at the Nashua Northeast Research
Station, collecting the data, and graciously sltatime data with us. In addition, we acknowledge
Kevin Boyle with the USDA NRCS for his role in iratly summarizing the Nashua economic data
under the NRCS EconDocs exchange tool.

References

1. Bremer, J.E.; Livingston, S.D.; Parker, R.D.; SechC.R.Conservation Tillage Applications
Texas Coop. Ext.: College Station, TX, USA, 2001.

2. Vetsch, J.A.; Randall, G.W.; Lamb, J.A. Corn angb&an production as affected by tillage
systemsAgron. J.2007, 99, 952-959.

3. Klemme, R. A stochastic dominance comparison oficed tillage systems in corn and soybean
production under riskAm. J. Agric. Econl985 67, 550-557.

4. Williams, J.R. A stochastic dominance analysis ibdge and crop insurance practices in a
semiarid regionAm. J. Agr. Econl988 70, 112-120.

5. Ribera, L.A.; Hons, F.M.; Richardson, J.W. An ecomo comparison between conventional and
no-tillage farming systems in Burleson County, T&xXaron. J 2004 96, 415-424.

6. Yin, X.; Al-Kaisi, M.M. Periodic response of soybegields and economic returns to long-term
no-tillage.Agron. J.2004 96, 723-733.

7. Pendell, D.L.; Williams, J.R.; Rice, C.W.; NelsdR,G.; Boyles, S.B. Economic feasibility of
no-tillage and manure for soil carbon sequestraitionorn production in Northeastern Kansas.
J. Env. Qual2006 35, 1364-1373.

8. Chase, C.A.; Duffy, M.D. An economic analysis oé tNashua tillage study: 1978-1987 Prod.
Agric. 1991, 4, 91-98.

9. Yiridoe, E.K.; Weerksink., A.; Hooker, D.C.; Vyn,.J; Swanton, C. Income risk analysis of
alternative tillage systems for corn and soybeaydypction on clay soilsCan. J. Agric. Econ.
200Q 48, 161-174.

10. Al-Kaisi, M.; Yin, X. Step-wise time response ofrooyield and economic returns to no-tdoll
Tillage. Res. J2004 78, 91-101.

11. Lee, J.; Brown, D.J.; Lovejoy, S. Stochastic effi@y versus mean-variance criteria as predictors
of adoption of reduced tillagé&mer. J. Agric. Ecornl985 67, 839-845.

12. Williams, J.R.; Johnson, O.S.; Gwin, R.E. Tillagstems for wheat and sorghum: An economic
analysis and risk analysid. Soil Wat. Consl987, 42, 120-123.

13. Larson, J.A.; Roberts, R.K.; Tyler, D.D.; Duck, B;I$linsky, S.P. Stochastic dominance analysis
of winter cover crop and nitrogen fertilizer sysgefor no-tillage cornJ. Soil Wat. Cond4998
53, 285-288.

14. DeVuyst, E.A.; Halverson, A.D. Economics of annuabpping versus crop-fallow in the
Northern Great Plains as influenced by tillage amigen.Agron. J 2004 96, 148-153.



Sustainability2011, 3 1062

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Hardaker, J.B.; Richardson, J.W.; Lien, G.; SchumatD. Stochastic efficiency analysis with
risk aversion bounds: A simplified approadlus. J. Agric. Res. EcoR004 48, 253-270.

Hardaker, J.B.; Huirne, R.B.M.; Anderson, J.R.;n.i&. Coping with Risk in Agriculture2nd ed.;
CABI Publishing: Cambridge, MA, USA, 2004.

Grove, B. Stochastic efficiency optimization of esftative agricultural water use strategies.
Agrekon2006 45, 406-420.

Grove, B.; Nel, F.; Maluleke, H.H. Stochastic effiecy analysis of alternative water conservation
strategiesAgrekon2006 45, 50-59.

Lien, G.; Stordal, S.; Hardaker, J.B.; Asheim, [R5k aversion and optimal forest replanting: A
stochastic efficiency studfur. J. Oper. Re007, 181, 1584-1592.

Lien, G.; Hardaker, J.B.; Flaten, O. Risk and eewnigcosustainability of crop farming systems.
Agric. Sys2007, 94, 541-552.

Pendell, D.L.; Williams, J.R.; Boyles, S.B.; Rid@,W.; Nelson, R.G. Soil carbon sequestration
strategies with alternative tillage and nitrogemrses under riskRev. Agric. Econ2007, 29,
247-268.

Watkins, K.B.; Hill, J.L.; Anders, M.MAn economic risk analysis of no-till management and
rental arrangements in Arkansas rice productio®oil Wat. Con2008 63, 242-250.

Archer, D.W.; Reicosky, D.C. Economic performance atternative tillage systems in the
Northern Corn BeltAgron. J.2009 101, 296-304.

Grove, B.; Oosthuizen, L.K. Stochastic efficienayabysis of deficit irrigation with standard risk
aversion Agric. Wat. Man201Q 97, 792-800.

Williams, J.R.; Llewelyn, R.V.; Pendell, D.J.; Sebkl, A.; Dumler, T. A risk analysis of
converting conservation reserve program acres wheat-sorghum-fallow rotationAgron. J.
2010 102 612-622.

Karlen, D.L.; Berry, E.C.; Colvin, T.S. Twelve yeidlage and crop rotation effects on yields and
soil chemical properties in northeast lowammun. Soil Sci. Plant Andl991, 22, 1985-2003.
Bakhsh, A.; Kanwar, R.S.; Karlen, D.L.; CambardelaA.; Colvin, T.S.; Moorman, T.B,;
Bailey, T.B. Tillage and nitrogen management effeah crop yield and residual soil nitrate.
Trans. ASAR00Q 44, 1589-1595.

Voy, K.D. Soil Survey of Floyd County, low&SDA-SCS and lowa Agriculture and Home
Economics Experiment Station, Co-operative Exten8ervice: Ames, IA, USA, 1995.

Kay, R.D. Farm Management: Planning, Control, and Implementat2nd ed.; McGraw-Hill
Book Company: New York, NY, USA, 1986.

Robison, L.J.; Barry, PThe Competitive Firm’s Response to Rislacmillan Publishing Co.:
New York, NY, USA, 1987.

Boggess, W.G.; Ritchie, J.T. Economic and risk gsialof irrigation decisions in humid regions.
J. Prod. Agric1988 1, 116-122.

Williams, J.R.; Llewelyn, R.V.; Mikesell, C.L. Ancenomic risk analysis of conservation tillage
systems for wheat, grain sorghum, and soybearseiGteat Plainsl. Soil Wat. Consl989 34,
234-239.

Weersink, A.; Walker, M.; Swanton, C.; Shaw, J.Eoomic comparison of alternative tillage
systems under riskCan. J. Agric. Econl992 40, 199-217.



Sustainability2011, 3 1063

34. Greene, W.HEconometric Analysjsoth ed.; Prentice-Hall International Inc.: New YpiKY,
USA, 2003.

35. Meyer, J. Choice among distributiods.Econ. Theorl977, 14, 326-336.

36. Cochran, M.J. Stochastic dominance: The state ef d@nt in agricultural economicsn
Proceedings of Southern Region Project S-180 SemiAa Economic Analysis of Risk
Management Strategies for Agricultural Productiomfs, Tampa, FL, USA, 23-26 March 1986.

37. King, P.K.; Robison, L.J. An interval approach teasuring decision maker preferencés. J.
Agric. Econ 1981, 63, 510-520.

38. Keeney, R.L.; Raiffa, HDecisions with Multiple Objectives: Preferences aralue Tradeoffs
Wiley Publishers: New York, NY, USA, 1976.

39. Babcock, B.A.; Choi, E.K.; Feinerman, E. Risk anlbability premiums for CARA utility
functions.J. Agr. Res. Ecorl993 18, 17-24.

40. Richardson, J.W.; Schumann, K.D.; Feldman, FB#mulation & Econometrics to Analyze Risk:
Simetar© Inc. 2008 User Manydlexas A & M University: College Station, TX, USAQQ@8.

41. Thomas, A.C. Risk attitudes measured by the intapproach: A case study of Kansas farmers.
Amer. J. Agr. Ecorl987, 69, 1101-1105.

42. Anderson, J.R.; Dillon, J.LRisk Analysis in Dryland Farming Syster®\O Farming Systems
Management Series No. 2, Rome, Italy, 1992.

43. King, P.K.; Robison, L.J. Risk efficiency modelsn Risk Management in Agriculture
Barry, P.J., Ed.; lowa State University Press: An&sUSA, 1984; pp. 68-81.

44. Williams, J.R.; Roth, T.W.; Claassen, M.M. Profildlp of alternative production and tillage
strategies for dryland wheat and grain sorghumhen €entral Great Plaind. Soil Wat. Cons.
200Q 55, 49-56.

45. Malone, R.W.; Ma, L.; Heilman, P.; Karlen, D.L.; Ka&ar, R.S.; Hatfield, J.L. Simulated N
management effects on corn yield and tile-drainagate lossGeoderma&007, 140, 272-283.

46. Grandy, A.S.; Robertson, G.P.; Thelen, K.D. Do picitvity and environmental trade-offs justify
periodically cultivating no-till cropping systemsgron. J.2006 98, 1377-1383.

47. Quincke, J.A.; Wortmann, C.S.; Mamo, M.; Franti, Drijber, R.A.; Garcia, J.P. One-time tillage
of no-till systems: Soil physical properties, phespus runoff, and crop yieldhgron. J.2007, 99,
1104-1110.

48. Richardson, J.W.; Klose, S.L.; Gray, A.W. An apgligrocedure for estimating and simulating
multivariate empirical (MVE) probability distributns in farm-level risk assessment and policy
analysisJ. Agric. Appl. Econ200Q 332 299-315.

© 2011 by the authors; licensee MDPI, Basel, Swiérel. This article is an open access article
distributed under the terms and conditions of theeaive Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).



