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Risk Management and the Environment: Impactsat the I ntensive and Extensive Margins
Meredith Soule, Wedey Nimon and Daniel Mullarkey
Introduction

Farming isarisky business. Before the 1996 Farm Bill, USDA hedped farmers manage
risk by directly influencing farm production levels and prices for mgjor commodities. Now, it
provides a safety net composed of direct farm payments (production flexibility contract
payments and emergency supplementa gppropriations), commodity loans, loan deficiency
payments, conservation assstance, and subsdized crop insurance. Although a considerable
amount of research has been conducted to examine the impact of various government programs
on aggregate supply and price (e.g., Houck and Ryan 1972, Chavas and Holt 1990), until
recently, very little work has focused on the potentia environmenta impacts of government-
sponsored risk management programs such as subsidized crop insurance. The underlying policy
question is whether the benefits provided by government risk management programs are offset
by the cogts of such programs, including the costs of unintended environmentd effects. This
paper addresses the environmental cost Sde of the equation.

Government farm programs, such as subsidized multiple peril crop insurance, introduce
potentid digtortionsinto farm:level decison-making at both the intensive (input use) and
extendgve (land use) margins. At the intensve margin, the theoretica literature suggests that
crop insurance will increase applications of risk-increasing inputs and decrease use of risk-
reducing inputs. However, the impact of crop insurance is more complicated, both theoretically
and empiricaly, and the impact of crop insurance on input useis till an open question.

At the extensive margin, subsidized crop insurance tends to increase returns to cropping

land that is currently in pasture or another non-insured use, and thus crop insurance may lead to



the cultivation of riskier crops on lands that are economicaly margind. Even when insurance
does change land use decisions, the actual extent of the changes is not well understood.

Finally, once the changes in input and land use due to subsidized crop insurance have
been established, links to associated environmenta changes must be drawn to determine the
impact of risk management on the environment. Impacts on the environment are largdy
technica relationships linking land qudities, production practices, input use, and environmental
messures of interest such as erosion, chemica run-off, leaching, and loss of wildlife habitt.

The objectives of this paper are thregfold. First we set up a context for thinking about
government programs and risk management, farm-level decisionmaking, and environmenta
impect at the extensve and intensve margins. Next, we review the literature linking risk
management policies and environmenta outcomes. Finaly, we assess the gapsin the literature,
and present some ideas on ways to move forward to better understand the potentia

environmenta impacts of risk management programs.

Farm-level decision making and environmental outcomes
A generd mode of farm-leve decison-making to analyze the impact of government-
gponsored risk management policies on the environment would include the following ements:

Farmer decisions about resource use: land use (crop, pasture, conservation reserve

program (CRP)), input use, conservation practices

Farm and farmer characterigtics. land qudity, average yield, variahility of yidd, risk

averson, land tenure

Exogenous factors. output and input prices, technology




Government program participation: crop insurance, loan deficiency payments,

production flexibility contract payments, emergency assstance

Risk management decisons. off-farm income, production and marketing contracts, debt,

savings, futures markets, etc.

The farmer makes decisions about land use, input use, and conservation practices based
on individuad characteridtics of the farm and farmer (indluding their level of risk aversion),
available technologies, and prices. Choices may differ for each unit of land on the farm,
depending on land attributes that make each unit of land more or less desirable for growing
certain crops. Attributes of the land may aso make it more or less subject to erosion or leaching.
Other decisions, which may be made prior to, smultaneous with, or after the crop and input use
decisons, include use of risk management strategies and participation in government programs.
Genadly, the farmer is assumed to maximize either profit or expected utility, which determines
levels of input use and thusthe leve of crop and livestock production and the leved of
environmenta outputs (erosion, chemica leaching, runoff, etc.), which are dso subject to
mitigation efforts such as conservation practices. The environmenta attributes of the land, dong
with the production and conservation practices used, will jointly determine the agricultura
output and environmental externdities (Antle and Just 1991). We are interested in understanding
how land use and input use decisons, and thus environmental outcomes, change when farmers
participate in government risk management programs.

Whether the input and land use decisions made under risk management programs are
more or less damaging to the environment than decisions without such programs depends on a
variety of factors, including whether input use increases or decreases, the mix of crops grown

(including pasture and CRP as “crops’), the potentia of those crops for harming the environment



based on the attributes of the land on which the crops are grown, the vulnerability of the
environment to emissions, and the environmenta indicators about which society is concerned
(e.g. erosion, water quality). In addition, we may wish to congder the value of the
environmenta benefits or damage to the public, which may be locationspecific. For example,

the vaue of improved water quality may be higher in areas with high population densties.

A review of theliterature

Although agenerd mode of farm+-level decison making would include dl of the
elements discussed in the previous section, in practiceit is difficult to modd so many
gmultaneousinteractions. This section reviews the literature that andyzes the impacts of
government-sponsored risk management programs on the environment.
Impacts at the intensive margin

Over the last decade a vigorous debate has arisen over the environmental consegquences
of risk management tools, epecialy multiple peril crop insurance (MPCI). In particular,
researchers have addressed the question of whether the purchase of crop insurance induces
farmersto apply more or less potentidly polluting chemicd inputs. The literature exploring this
question begins by examining the impact of risk and uncertainty on input use. Later
contributions examine the impact of crop insurance on input use.

Early studies examined the impact of price uncertainty on a competitive, one-input, one-
output firm (Sandmo 1971, Ishii 1977, Katz 1983, Briys and Eeckhoudt 1985, Hey 1985).
Sandmo’s semina paper showed that in the presence of price uncertainty the risk-aversefirm
will produce less than if prices were known. He was not, however, able to determine the

margind effect of uncertainty on output. Ishii later demondtrated that optima output declines



with increasing price uncertainty. While for much of the economy price uncertainty may be the
dominant source of risk, for agriculture that may not be true, and thus the agriculturd literature
has focused on the impact of production (yied) risk on input use.

Pope and Kramer (1979) offer one of the first models concentrating on production risk
and its effects on input use. They consider a stochastic production function, a constant relative
risk averson utility function, and alow for inputsto either increase or decreaserisk. Inthe
sngleinput case, they show that arisk-averse agent uses more (less) of an input which
marginaly decreases (increases) risk. In atwo-input, competitive model, however, there may be
interactions between inputs that make the comparative statics ambiguous.

Loehman and Nelson (1992) extend Pope and Kramer’s modd to include multiple inputs
in which dl inputs are either risk increasing or decreasing and dl pairs are classified as either
risk subgtitutes or complements. This characterization alows them to draw severd generd
conclusonsthat hold for both rdlative risk averson and exponentid utility functions. If the
inputs (or pairs of inputs) are risk subgtitutes and both are risk increasing (reducing) individudly,
then the use of & least one and maybe both inputs will decrease (increase) with increasing risk
averson. If use of only oneinput decreases, then use of the other will increase. On the other
hand, if oneinput is risk reducing and the other is risk increasing, then with increasing risk
averson the use of the risk-reducing input should increase and the use of the risk-increasing
input should decrease. If the inputs are risk complements and both are risk-increasing
(reducing), then use of both should decrease (increase) with increasing risk aversion.

Leethers and Quiggin (1991) develop further implications of the effect of uncertainty on
input (x) use. They derive implications for input use for increasing, decreasing, and constant

absolute risk averson utility functions (IARA, DARA, and CARA, respectively). They denote



input prices, output prices, and yield risk asw, p, and g. They show for arisk-averse producer

and arisk-increasng input that %T—V)\(/<0 and W <0 holdsfor DARA and CARA but not for

p[¢]

IARA. Thesgnof ‘ﬂ_x however, isindeterminate for dl three utility functions. For arisk-

fip

averse producer and arisk reducing input they show that 1?—\,):/ <0 under IARA and CARA, that

X >0 under CARA only, and that I >0 under DARA and CARA. Thus, the assumption made

fip p[[¢]
about risk preferencesiscrucid.

Chavas and Holt (1990) empiricaly test the risk preferences of corn and soybean farmers
by esimating a system of risk-responsive acreage equations for corn and soybeans. They reject
the hypothesis of CARA representation and instead find a positive wedlth effect in supply
response, which suggests DARA. The palicy implication is that Snce greater private wedth
tends to offset the need for income and price protection, subsidized public provison of crop

insurance should be targeted to the low-income farmers.

The impact of crop insurance on input use

Turning to the question of the impact of crop insurance on input use, Ahsan, Ali, and
Kurian (1982) show that in the context of a one-input, one-output mode!, full coverage crop
insurance encourages risk taking (e.g., the use of risk-increasing inputs) and causes farmersto
chooseinputs asif they wererisk neutral. One limitation of their study isthet input useis
modeled with afixed “ aggregate resource endowment” that may be used in either risky or
riskless production. Since this endowment reflects not just chemica inputs but acreage and land

devoted to risky production, there is no way to adequately address the mora hazard problem.



Mord hazard arises when input use is dtered due to asymmetric information and incompatible
incentives (Nelson and Loehman). For example, farmers who buy crop insurance may change
input use in order to increase the probability of an indemnity payment. Ahsan, Ali, and Kurian
aso argue that private crop insurance has failed because of information asymmetries cresting
adverse selection. Adverse sdection occurs when the insurer does not have information on the
inherent riskiness of each farm, so that only the farmers who are the most likely to receive
indemnities Sgn up for the insurance.

Asinthe Ahsan, Ali, and Kurian work, Nelson and Loehman (1987) dso show that if an
actuaridly fair contract dependent on al observable variables (e.g., input use, redized yield,
rainfall, etc.) were defined, then input choices would be made as if the farmer were risk neutrd.
The above implications of crop insurance assume full coverage and no mord hazard. Inthe
presence of mora hazard effects, they argue that input use is likely to decrease for the risk-
averse farmer who buys crop insurance. A priori, the effect is indeterminate but depends on the
relationship between the digtribution of the state of nature and the margina product of the input
in each gate, which affects the expected indemnity payment.

Quiggin (1992) develops a modd indicating the conditions under which insurance would
lead to areduction in input use because of the mora hazard problem. For his mode, he assumes
that there are only two states of nature, good and bad, the margind product of an input is greater
in the good State than the bad, and that the insurance contract is not contingent on input use. He
a0 assumes a concave production function. He concludes that under these fairly week
assumptions, the effect of insurance will be to reduce input use for risk-reducing inputs and those
that have no risk effects and increase input use for those that are “strongly” risk increasing (e.g.

an input for which the margind product is negative in abad sate of nature, such asfertilizer).



The effects are more ambiguous for “weekly” risk-increasing inputs. One limitetion of the
mode isthat thereisno link between expected indemnity payments and input use.

While the conventiond wisdom is that pesticides are risk-reducing inputs, Horowitz and
Lichtenberg (1994) make the case that in many instances they are more accurately viewed as
risk-increasing ones, and thus their use may increase rather than decrease with crop insurance.
To motivate their empirical work, Horowitz and Lichtenberg develop amode of mord hazard
and argue that indeed fertilizer and pegticide inputs, often are “ strongly” risk-increasing and that
crop insurance may therefore encourage input use. Aninput increasesrisk if it addsrelaively
more output in good states than bad ones by increasing the discrepancy between the two. Indeed
in many cases the margind product of pesticideswill be very low or negative in bad dates if
growing conditions are poor because (i) insect populations and weed growth are apt to be low,
and (i) crop yield and thus potentid |osses from pest infestation are likely to be low. Under
such conditions, high pest infestations and therefore high pesticide productivity occur primarily
when crop growth conditions are good. In low rainfal states of nature, fertilizers may cause
burning and thereby may be strongly risk increasing by improving outcomes when the Seteis
good and worsening outcomes when the state is bad.

Horowitz and Lichtenberg then argue that federdly funded crop insurance may incresse
usage of risk-increasing inputs because farmers may be inclined to undertake riskier production
practices knowing thet the downside risk is greetly reduced. Thisisthe traditiond mora hazard
problem, but inputs are presumed to be risk increasing rather than risk decreasing. Horowitz and
Lichtenberg empiricdly test their hypothesis using farm:-level data collected in 1987 in the Corn
Bdt. They assume that the insurance decison is made before the input use decision, and

econometricaly control for selection bias. The insurance purchase decision is explained by



severd farm specific variables such as padt variability of yidds. Ther esimation implies that,
for saverd indicators of chemical usage, the amount used increases with crop insurance. They
find that those purchasing insurance applied 19% more nitrogen per acre, spent 21% more on
pesticides, increased herbicide acre-treatments by 7% and insecticide acre trestments by 63%.
These results contradict the conventional wisdom that inputs such as pesticides, which are
generdly consdered to be risk reducing, will be used at lower levels with crop insurance. This
result is, however, consistent with their proposition that pesticides may in fact be risk increasing.
Smith and Goodwin (1996) criticize Horowitz and Lichtenberg’ s findings that multiple
peril crop insurance (MPCI) causes farmersto increase chemica input use. They argue that the
mord hazard problem probably causes decreased input use. Even if aninput isrisk increasing
and increases the variance of yidds, it will aso likely increase the expected yidd. The increase
in variance increases the likelihood of an indemnity payment but the increase in mean yield
decreasesit. The net effect may be that the expected indemnity payment increases with input use
but Smith and Goodwin doubt it for two reasons. Firdt, the critica yield that triggers an
indemnity payment is determined by the farm’syield history. Thus, usng inputs thet raise
expected yields decrease the expected indemnity payment. Second, the chemica inputsincrease
production costs and lower (increase) the expected profits (losses) when indemnity payments are
made.

The Horowitz and Lichtenberg paper assumes that insurance purchase decisons must be
meade prior to any input use, but often that is not the case as typically farmers wait to near the
deadlineto Sgn up. At that point some fertilizer and pesticide applications are aready made.
Thus, it may be that the input/insurance decision is better characterized econometricaly asbeing

smultaneoudy determined. Thus, Smith and Goodwin argue that a s multaneous rather than



recursve system is a better choice. They employ survey data of Kansas wheat farmers
production practices in 1990 and 1991. For the agricultural input variable, they use total per acre
expenditures on al agricultural chemicd inputs. They do not disaggregeate pesticide and

fertilizer inputs because they argue that there was little variation across farms in non-fertilizer
input use, and non-fertilizer chemical input use among wheet farmersislow. Inther
econometric estimation, they find that farmers who purchase insurance apply fewer chemica
inputs (fertilizer). To test the hypothess that the input and crop insurance decisons are
amultaneous, Smith and Goodwin estimate the Single equation mode in addition to the
smultaneous one and employ the Wu-Hausman Specification Test in order to determine whether
the insurance purchase decison or chemica input decisons are exogenous. 1n both cases
exogeneity isrgected, which suggests that they are jointly determined. This sheds doubt on
Horowitz and Lichtenberg’ s recursive structure in which insurance decisions are made prior to
input decisons. They find that failure to account for Smultaneity creates a positive biasin the
crop insurance coefficient that potentially causes the modd to indicate that the insurance mord
hazard problem encourages farmers to use more chemica inputs. Furthermore, their probit
edimation indicates that if afarmer applies more chemicals, then the probability that he dso
purchases crop insurance declines. They claim this must be because the expected return to crop
insurance declines with input use. They estimate that each dollar spent on chemicd inputs
lowers the probability of insurance purchases by 0.9% to 1.4%. However, it must be noted that
their modd is redly estimating the impact of crop insurance on fertilizer use and not pesticide
use. Theimpact of crop insurance on pesticide use could be tested with a sample of wheat

farmers with more variability in pesticide use, which could probably be achieved by expanding
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the sample beyond Kansas. In addition, results could be different for crops, such as corn or
cotton, that are more pegticide intengve than whest.

Babcock and Hennessy (1996) argue that Horowitz and Lichtenberg’ s result -- that crop
insurance leads to increased use of chemica inputs -- could be due to their assumptions that
farmers are risk averse and that pesticides and fertilizers increase the probability of low yidds.
Babcock and Hennessy looked for evidence of fertilizer increasing the probability of low yieds.
Using data from four cooperating lowa farms growing corn continuoudy from 1986 to 1991,
they conclude that increased fertilizer use, as measured by pounds per acre, sharply decreases the
probability of low yields, thus casting doubt on one of the Horowitz and Lichtenberg
assumptions. They then turn to the risk aversion assumption. Using a CARA utility function
they smulated the optimal fertilizer application rates given different levels of risk averson,
insurance coverage, and correlation between yields and prices. While the exact results depend
on the parameterization of the mode, they find that, in generd, increasing insurance coverage
induces decreased fertilizer application rates. They note that their results are consstent with
Smith and Goodwin's (crop insurance leading to alower level of chemical use) and that the
mord hazard problem gppears to have a positive environmenta effect. However, they only
examine the impact of crop insurance on fertilizer, not pesticide, use. Careful examination of
pesticide use under crop insurance could lead to different results.

Following a methodology similar to that of Smith and Goodwin, recent work by Nimon
and Mighra (2001) focuses on the relatively new, federdly subsidized, revenue insurance
ingruments and disaggregates expenditures on fertilizers from those on pegticides. Using farm
level data covering wheet growers in seventeen states, sufficient variability in both pesticide and

fertilizer expendituresis available to dlow estimation using each individualy as well aggregate
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expenditures on both. Using the aggregate measure the authors reproduce the Smith and
Goodwin result for revenue insurance ingtead of multiple peril crop insurance. The
environmentd impact of pesticides and fertilizers, however, may vary, S0 investigation of

whether or not the effect of crop insurance is to reduce both individudly iswarranted. When
disagregated expenditures are used, the resultsindicate that while fertilizer expenditures decrease
with insurance purchases, pesticide use increases. The explanation for the differentid effects of
crop insurance on pesticide and fertilizer useliesin the risk properties of each.

As Horowitz and Lichtenberg noted, in many regionsit islikely to be the case that when
crop growth conditions are poor, insect and weed populations are likely to below aswel. As
such, pesticides may not appreciably decrease the probability of low yields and hence expected
indemnity payment. Furthermore, the potential losses from pest infestation are small because of
the low yields in bad wegather. In good growing conditions the opposite is likely to hold because
pest populations are gpt to be larger. Larger pest populations and greater yields imply that the
margind product of pesticides may be quite large. By increasing the upside potentia more than
the downside risk, pesticides are risk-increasing inputs and only marginaly affect the expected
indemnity payment. Thusrisk-averse, insured farmers are likely to increase their use of
pesticides.

Horowitz and Lichtenberg make the argument thet fertilizers are risk increesing as well
and s their use should increase with insurance purchases. Nimon and Mishra, however, argue
that equaly important isthe input’s effect on the probability of low yields, because that is what
determines the expected indemnity payment. While pesticides may not appreciably affect the
probability of low yields, Babcock and Hennessy show that fertilizers do. Although they believe

pesticides are likdly to reduce the probability of low yields as well, they only offer econometric
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results that fertilizers actualy do. If sothe mora hazard effect islikely to lead to lessintensve
use of fertilizer, as Nimon and Mighrafind. They conclude that peticides and fertilizers may
affect risk in ggnificantly different ways.

Quiggin, Karagiannis, and Stanton (1993) use a different method for andyzing the effect
of crop insurance on input use. They estimate a production function with insurance as an input
using dataon U.S. grain farmers from the 1988 NASS Farm Costs and Returns Survey. The
chemica input variable was determined by aggregating over the vaue of pesticides and
fertilizers. The coefficient on insurance is negetive and sgnificant at the 10% level. Thus,
insurance has a negative affect on output. They then estimate factor share equations for various
inputs: fertilizer/pesticide index, labor, energy and other. Insurance was included as an
explanatory variable in each equation and each was sgnificant at least at the 10% level. Thus,
they find that insured farmerstend to use less variable inputs. A drawback of the study is that

they do not digtinguish between fertilizers and pesticides.

Summary of the intensive margin literature

The effect of risk and crop insurance on input use decisions depends on the risk
characterigtics of the inputs used, the interactions between inputs, the utility function of the
producer, and mora hazard concernsthat arise if input usage affects the expected indemnity
payment. Table 1 summarizesthe results found in the literature. In generd, for risk-averse
producers, the theoretical literature suggests that crop insurance will cause areduction in the use
of risk-reducing inputs. Pesticides are generally considered to be risk-reducing inputs, but the
effects of pedticides on yield risk may depend on the characterigtics of the individud active

ingredient, target pest, and treated crop, and in certain instances, pesticides may be seen asrisk
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increasing. Therefore, classfying pesticides may not be asmple asis generaly assumed in the
theoretical modes.

In the early literature, fertilizer was generaly considered to be risk increasing because
yield variability goes up with increased gpplications. However, others argue that fertilizer is
actudly risk reducing, and the results of Babcock and Henessy support this position.

Of course, inputs may affect the mean of yidds aswell asther variance. As such the
effect of mora hazard for even risk increasing inputs may be to reduce their use. Smith and
Goodwin argue that most inputs are likely to raise expected yields somewhat, and hence reduce
the probability of an indemnity payment. Therefore, they expect to see decreased input use with
Ccrop insurance.

The functiond form of the producer’s utility function is another important variable that
affects the results of the impact of crop insurance on input use. Leeathers and Quiggin showed
that the impact of risk averson on input use depends on whether one assumes increasing,
decreasing or congtant absolute risk aversion. However, many analyses of the impact of crop
insurance on input use depend on an assumption of constant absolute risk aversion. All of the
literature reviewed d o takes as a sarting point that al producers are risk averse. However,
considerable research on the risk preferences of farmers has not been able to establish thisas a
fact, and most studies find at least some proportion of farmers to be risk neutra and even risk
loving (e.g. Binswanger 1980, Brink and McCarl 1978). Even risk neutra producers may
purchase crop insurance if it increases expected returns, and the moral hazard effect of gpplying
fewer inputs may aso come into effect.

Ultimately, the net effect of crop insurance on input useis an empirica question. Three

of the four empirical studies support the view that crop insurance reduces input use, but they
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were largely congtrained to specific crops and regions, and only the Horowitz and Lichtenberg
and Nimon and Mishra studies empiricaly differentiated the impacts of fertilizers from those of
pesticides. Further empiricd analysisis required before a firm consensus can be formed to
support the view that crop insurance reduces chemica use for both fertilizer and pesticides and

for al crops.

Impacts at the extensive margin

The impact of risk on crop alocations and land use was modelled in an early article by
Freund (1956). Theoreticdly, if afarmer isrisk neutrd, he will plant only one crop, the one with
the highest expected return. Risk aversion, however, will lead to portfolio diversfication, which
depends on the covariance of returns, as aso shown by the early finance literature. Crop
insurance will change the distribution of returns to the insured crop, with the variance of returns
decreasing. The change in the digtribution of returnswill lead to achangein crop alocations,
with more land planted to the insured crop.

Studies examining the impact of government farm programs on farm-level dlocation of
land to various crops or uses generaly fall into two categories. Firdt, representative farm
smulation modes have been developed to examine the impact of crop insurance on crop or
tillage choice. Second, farmers crop choice decisons have been estimated using ether cross-
section farm-level or pooled cross-section, time-series county-level data. Most of the studies end
the andyds & estimating the change in crop dlocations under government programs. However,
afew studies go on to congtruct measures of the change in environmenta quadity due to those

land use changes.
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Williams (1988) looked at the impact of crop insurance on crop and tillage choicein
central Great Plains by developing one representative farm type for the area. He used stochastic
dominance to select the mogt efficient cropping systems for the representative farm under risk
neutraity, and severd levels of risk averson. He showed that subsidized crop insurance leads to
achange from a system of mainly whest-fallow with conservation tillage to a sysem of mainly
consarvation tillage with a whesat- sorghum-fallow rotation since crop insurance reduces the risk
of having lower values of net returns more for sorghum than for whest.

Turvey (1992) examined the potential impact of crop insurance on farm:level crop
alocations using expected utility optimization applied to a representative farm in Ontario. He
looked at the cropping choices of that representative farm under risk aversion both with and
without crop insurance. A risk averse farmer with no insurance would alocate about 6% of
acreage to corn, 60% to soybeans and the rest to wheat. Subsidized insurance leads to 60% of
the farmin corn and 40% in soybeans, thus more production of riskier crops. He concluded that,
in generd, agricultura insurance encourages a move towards risk-neutral behavior (i.e. profit
maximization), and thus encourages farmers to increase plantings of high-risk crops.

Some researchers have empirically examined the impact of crop insurance on crop
dlocations. Gardner and Kramer (1986) |ooked at the impact of the old disaster payment
program, which they considered to be equivaent to crop insurance with no premiums, on acreage
response. They compared counties with crop insurance and counties without crop insurance and
examined changes in acreage of different crops between 1974, just as the disaster payment
program was beginning, and 1981. They found that cropland expanded more in counties without
crop insurance during that period, and attributed it to reduced risk due to the disaster payments

program. Since the counties without crop insurance were, by program design, the ones where
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production was especidly risky (high yied variahility), it seems that the disaster assstance
program encouraged crop production in margina aress.

Young et d. (1999) estimated the impact of crop insurance subsidies on acres planted to
eight cropsin seven U.S. agricultura regions. Using county level datafrom USDA’s Risk
Management Agency, they created “ price wedges’ by converting crop insurance premium
subsidies, adminigtrative and ddlivery cost reimbursements and net underwriting losses or gains
into per unit of production subsidies for each crop in each region. They then calculated subsidy
sharesfor each crop in each region, using 1994-98 averages divided by average production from
1995-1998. They ran USDA’s POLY SY S-ERS smulaion modd with and without the
insurance subsidies, and estimated that the subsidies caused an aggregate acreage increase of
600,000 acres (a0.2% increase). However, certain crops and regions saw adjustments that were
masked by national averages, such asa 1.2% increase in cotton acres planted.

Young et d. point out anumber of limitations of their research methods. First, crop
insurance subsidies are treated asif farmers view them as actud revenue, which is probably not
the case. Thus, their analysis probably overstates the impact of crop insurance subsidieson
supply response. Second, the eadticities used in the model are short-run dadticities and are not
reported in their paper. Findly, the subsidy price wedge is caculated as an average across dl
production, but some farmers do not purchase insurance, and actua subsidy levels vary across
farmers and regions. Regardless of these limitations, determining the environmenta impact of
the regiona and crop specific adjustmentsin crop acreage as measured by their model would
require andyzing the relative environmental damage caused by each crop, the change in crops

grown, and the environmenta attributes of the lands on which the changes took place.
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In the early 1990 s Miranowski, Hrubovcak and Sutton used aregiond agriculture
smulaion mode to evaluate the potential impact of a change in farm programs on resource use.
Reaults from the smulation modd indicated that dimination of the Acreage Reduction Program
(ARP) would result in smal changes in nutrient and pesticide use and soil loss. However, the
changes would be larger in some regions than in others. At the same time they caution that the
amdl changes from dimination of the program are partly aresult of the timing of the andydsin
1990. They argue that the 1985 Food Security Act coupled with reduced stocks has aready
moved farms toward more market-oriented production decisons, so that impacts from
elimination of the ARP were smdler than they would have beenin 1985. On the other hand,
they found thet dimination of the CRP aswell asthe ARP would result in sgnificant increases
in soil loss and fertilizer and pesticide use.

Griffin (1996) studied the impacts of crop insurance and disaster payments on whesat and
pasture acreage in production in the Great Plainsregion. Using county-level, time series data for
1978-1992, his OLS model regressed whesat acreage as a share of wheat and pasture acreage on a
variety of explanatory variables, including (but not limited to) relative returns to whest and
pasture, disaster payments, crop insurance payments, and deficiency payments. He obtained
datiticaly sgnificant results for disaster payments and crop insurance payments, but not for
deficiency payments. This modd estimated that these programs had shifted up to 2.20 million
acres from pasture to whest.

Griffin dso estimated a second modd using cross-sectiond deta for Sx mgor cropsin
the Great Plains. He compared two time periods. 1974-1977, a period of low subsidies, and
1989-1992, a period of high subsidies. Thismode regressed the change in tota acres on disaster

payments, deficiency payments, crop insurance participation, and the total risk subsdy. Again,
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he found datidticaly sgnificant results with the exception of the deficiency payments. This

mode estimated that 16 million acresin the Great Plains had remained in production due to these
government risk management programs. At the same time, 10 million acres were taken out of
production by the CRP. Griffin then aggregated across counties the soil erosion effects of land
induced into production by crop insurance and disaster payment programs. He estimated that the
programs led to aloss of 61.4 million tons of soil. He estimated that land put into the CRP
across the counties in the study reduced soil erosion by 59.1 million tons, thus most of the
reduction in soil eroson gained by the CRP was lost to soil erasion occurring on acres brought
into production by the crop insurance and disaster payment programs.

Inasmilar vein, Keeton, Skees and Long (1999) studied the effect of disaster assistance
and crop insurance programs on acreage planted in the U.S. They hypothesized that total
acreage in production has increased with transfers from risk management programs. To examine
the issue, they compared two time periods. 1978-1982, aperiod of low support, and 1988-1992,
aperiod of high support. They used data on acres planted to Six major crops for 285 Crop
Reporting Didtricts (CRD’s), as well as disaster assstance and crop insurance premiums. The
dependent variable was the change in total cropland use within each CRD between the two time
periods, where cropland use is the 5-year average within each period. Explanatory variables
included the change in expected revenue, the change in net crop insurance subsidies per dollar of
revenue, the rate of disaster payments per dollar of revenue, the change in insurance premium
rates paid by farmers, the change in crop insurance participation, and the change in base acres for
commodity program crops (due to data limitations, they omitted deficiency payments and
production cogts). Using OLS, they found Statigticaly significant effects of the expected sign for

crop insurance transfers, crop insurance participation, crop insurance premium rates, and
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commodity base acres. Disaster payments were reported as marginaly sgnificant, and the
authors suggested that since these payments are uncertain, they may be lessimportant in land use
decisons than crop insurance transfers. They concluded that these risk management programs
are encouraging cropping on margind lands and estimated that 1.5 million acres of cropland use
are added for every one percentage point increase in crop insurance participation. They went on
to argue that since crop insurance participation has gone up by about 30 percentage points since
1980, it is possible that crop insurance has brought 45 million additiona acres into cropland use
(including 30 million acres of CRP). Impacts on eroson or water quality were not calculated.
Wu (1999) used farm-leve datato look at the effect of crop insurance on crop
dlocations. He modeled the crop insurance and crop share decisions for four crops with a
smultaneous equations econometric model. He used the modd results to estimate the effect of
crop insurance on crop mix for different farm sizes. He showed that with crop insurance, al
fam szes areless likely to grow hay and pasture. Smdl farms plant more corn and soybeans
and less hay and pasture. To the extent that corn and soybeans are more environmentaly
damaging because they cause more soil eroson and use more chemicas than pasture and hay,
this switch to more risky crops, which is encouraged by crop insurance, has a detrimenta
environmenta effect. To look more closdly at this effect, he used average application rates of
nitrogen, phosphorus and atrazine for the study region and assumed that the Study region adjusts
asamedium-size farm under crop insurance. Under these assumptions, the change in crop mix
with crop insurance leads to a 20% increase in nitrogen use, a 33% increase in phosphorus use
and a22% increase in atrazine. He noted that Nebraska has high nitrate concentrations in the

groundwater, SO crop insurance may be exacerbating the groundwater quaity problem.
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Goodwin, Smith, and Hammond (1999) examined the impacts of farmer participation in
the conservation reserve program (CRP) and crop insurance on erosion. They used county-level
datato estimate a system of five smultaneous equations. The dependent variables for the five
equations were CRP participation, soil loss (estimated annual soil lossin tong/acre), crop
insurance participation (ratio of liability to total crop revenue), the conservation effort (NRI P-
factor rating of conservation effort), and fertilizer usage. Their resultsindicated that annuad soil
loss has been reduced an average of 1.7 tons per acre by the CRP. However, increased
participation in the crop insurance program has increased average annud soil 1oss by 0.6 tons per
acre. This suggests that, to some extent, the subsidized crop insurance program is working at
cross purposes to the CRP goal of reduced soil erosion.

Goodwin and Vandeveer (2000) used a multi-equation structurad mode! to look at the
extent to which crop insurance might bring additiona land into production. For the Corn Belt of
the U.S,, they estimated corn and soybean acreage equations, crop insurance participation
equations, as well as CRP and input usage equations at the county-leve for the period 1983-
1993. Their resultsindicate that increased crop insurance participation is associated with an
increase in corn and soybean acreage, but that the response is modest (elagticities of acreage
response to increased insurance participation of 0.043 and 0.029, respectively). They aso
esimate that a 50% decrease in the insurance premium paid by farmers would result in an
acreage increase of only two to three percent. The implication isthat any associated
environmental impacts would aso be modest. For this study, it must be noted that the Corn Belt
includes some of the nation’s best land, and other regions of the country with higher percentages

of margind land might see a grester extensive margin response to crop insurance subsidies.
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Wu and Segerson (1995) examined the impacts of the old Acreage Reduction Program
(ARP) on crop dlocation and thus groundwater pollution in Wisconsin. Although the ARP no
longer exigts, this sudy is agood example of integrating environmenta outcomesinto policy
andysis snce Wu and Segerson consdered the impact of land qudity as well as government
programs on crop alocation. The empirical model, based on atheoretical modd of farmer profit
maximization, used county-level data for 54 countiesin Wisconsin over nineteen years (1972-
1990). They estimated the acreage response for six crops using alogistic mode of the share of
crop i incounty k in period t. They included input and output prices as well as government
program variables and land quaity or Site characteridtic variablesin their modd. They showed
that Ste characteristics have alarger influence on cropping patterns than economic or policy
variables. Their resultsindicate that an increase in the target price for corn would increase the
acreage of corn, soybeans, wheat and hay and reduce the acreage of oats and silage, but they also
showed that corn acreage is more responsive to chemical price changes than to ARP rate
changes.

The Wu and Segerson studly is the only research that examined the environmenta impact
of policies, congdering both land characterigtics that make some land more polluting and
regiona demand for environmental benefits, such aswater quaity. They used the results of their
empirical modd to smulate the effects of potentia policy changes on cropping patterns and
potentia groundwater contamination. The policy changes they examined were areduction in the
target price for corn, an increase in the ARP rate for corn, and an increase in agricultura
chemica price. The magnitude of each policy was st to achieve a 1% reduction in high-
polluting acreege (acres that are both vulnerable to groundwater pollution and that grow a

chemica-intensve crop). They used the modd to predict regiona changesin acreage of the Six
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crops from these palicies. They then compared the regiona reductionsin polluting activities
from the policies to the regiond demand for groundwater qudity to determine the differentia
impacts of the palicies. The ARP program was determined to be the mogt effective in reducing
high-palluting acreage in regions where demand for water quality, as measured by groundwater
use, was expected to be highest.

Plantinga (1996) is another example of astudy andyzing the impact of apolicy other
than crop insurance on the environment. He studied the potentid environmenta gains from
reducing agriculturd income supports (milk price supports) usng Wisconsin data. The
theoretical mode was based on profit maximizing behavior by land managers. He used county-
level datato estimate the probability that land isforested or used for milk production. Hethen
used the results of the mode to estimate the increase in forested area brought about by increases
in the timber-to-milk price ratio, which correspond to declinesin the milk price. Water qudity
benefits from the converson to forest, on four land types, were then estimated by assuming rates
of soil erosion and monetary damage estimates per ton of soil eroson. A 10% increasein the

timber-to-milk price ratio thus resulted in $8.1 to $24.3 million in weater qudity benefits.

Summary of extensive margin literature

The results of the literature on the environmenta impact of crop insurance a the
extensve margin are summarized in Table 2. All of the empirica studies support the
convertiond wisdom that subsidized crop insurance brings economicaly margina land into
production. Studies that went on to examine the environmenta impacts of this land use change
support the notion that crop insurance has a detrimenta impact on the environment. However,

the extent of the impact of crop insurance on the environment is still under debate. For example,
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the Young et a. study suggests that only 600,000 additional acres have come into production due
to crop insurance while Keeton, Skees, and Long calculate an impact of 45 million acres (or 15
million acres when 30 million CRP acres are excluded). For the measure of erosion, Griffin's
study concludes that dmost dl of the erosion benefits generated by the CRP have been offset by
the Sde effect of the crop insurance program, while Goodwin, Smith and Hammond report aloss
of one-third of those gains.

Some of the differences between the results of the studies reviewed are due to limitations
of the modding framework used, while others are due to weaknesses or gapsin the data. I1n their
gudies, Griffin, and Keeton, Skees and Long, are essentidly attempting to conduct controlled
experiments by looking at the change in crop acreage with and without certain government
programs. However, it is difficult to conduct such a controlled experiment as there has dways
been some governmenta involvement in agriculture in recent history, and new programs have
been introduced while others have expired. In addition, due to data gaps, they are not able to
fully control for dl other factors besides government programs that may affect the changein
crop acreage, such as changesin technology and relative prices that do not affect dl regions
equaly.

The Goodwin, Smith and Hammond mode presents a sound econometric method for
estimating the impact of crop insurance and other programs on soil eroson, but ahigh levd of
measurement error exists in the county-level data, especidly for variables such as soil lossand
conservation effort which are based on average vaues of alimited number of NRI points per
county. In addition, the county-level data do not dlow for inclusion of farmer characteristics as
explanatory variables, which could lead to missng variable problems. The insurance and CRP

participation decisons and conservation effort and fertilizer use are farm-level decisons that
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may be strongly impacted by farmer characteristics such as age, education, tenure status, farm
Sze, etc. The Goodwin and Vandeveer paper concentrates on the Corn Belt, recognizing thet
results may vary by region. Acreage reponse to crop insurance might be higher in areas with a
higher proportion of less productive farmland than in the Corn Bdt. Wu's study is a good
example of looking at the crop insurance and crop adlocation decisons at the farm-level. There

is till agreat need for more empirical work in this area and the development of better datasets.

Gapsin theliteratureand areasfor further research

The review of the literature reveds severa gaps and areas needing further research. The
literature to date generaly supports both the notions that crop insurance reduces input (at least
fertilizer) use, and that it brings into production more acres of crops with high yied variability.
Whether the environmenta impact from increasing crop acreage is greater than the reduction in
input use that may occur due to crop insurance is an open empirica question. Wu examined this
guestion in his study of Nebraska farmers and concluded that the increased acreage induced by
crop insurance had alarge impact on farm-level input use (an increase of from 20-33% for
nitrogen, phosphorus and atrazine). It should also be noted that the empirica studies supporting
the hypothesis that crop insurance reduces input use are limited to specific regions and crops.
Broader research on awider variety of crops and regionsis needed. Results may be different for
high-vaue, more input-intensive crops such as fruits, vegetables, and cotton than for grain crops.
In addition, the empirical research has neglected study of crop insurance impacts on pesticide use

in favor of sudies on fertilizer or aggregated chemicd use, which may blur the picture for

pesticides.
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Most past research has concentrated on modeling and andyzing the impact of one risk
management drategy a atime. In redity, farmers are operating in an environment where they
have many risk management options and are probably making decisons about many of them
smultaneoudy. As has been shown by Keeton, Skees, and Long, and Goodwin, Smith and
Hammond, there may be a conflict between the crop insurance program and the CRP. The CRP
is a conservation program, but it can aso be seen as arisk management program as it provides a
Steady and certain stream of income for the farmer to include in her portfolio of land use
decisgons. It isimportant to understand how farmers weigh decisons on the use of these two
programs for stabilizing income and how these and other government programs, such asloan
deficiency payments, may be working as complements or substitutes. At the sametime, we need
to understand how the interactions of these programs affect land use, input use and
environmental outcomes. For example, loan deficiency payments over the last few years have
st afloor price for the mgor crops and may have had a greater impact on land dlocation
decisonsthan crop insurance. In addition, even if crop insurance does lead to acreage shifts
among crops, an increased supply of one crop will lower the market price, which may mitigate
the supply response.

Thereis dso the possihility that government subsidized crop insurance may smply
subdtitute for the use of other risk management options, both private and public. Thusthe
government may be dowing the use of private market mechanisms to ded with risk, such as
futures markets or private savings. At the same time, subsidized crop insurance may not be
reducing risk for farmers, but rather the farmer may just be reshuffling the deck of risk
management options until he is facing the same level of risk as before. Wright and Hewitt

(1994) argue that crop insurance may change the use of other risk management measures such as
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gpatid and activity diversfication, off-farm employment, contracting, savings, and debt. Itisan
open empirica question as to whether the U.S. crop insurance program is affecting the use of
other risk management measures.

The link between changesin land or input use and changes in environmenta outcomesis
often weak in the literature. Generdly, lessland in corn and more land in pasture are considered
to be positive environmenta outcomes, while lower levels of pesticide or fertilizer use on an acre
of land is dso agood environmental outcome. While these changes may be generdly consstent
with environmenta improvements, such gross measures do not alow us to quantify the
improvement in the environmenta services demanded by society. We need to develop
environmental indicators that are more sophisticated such as the change in water quality, erosion,
or wildlife habitat resulting from changesin land and input use. We aso need to consder how
land characterigtics, mitigation strategies such as conservation practices, and the demand for
environmenta benefits affect the vauaion of environmental outcomes associated with crop
insurance and other policies. The Wu and Segerson study is one of the only studies to attempt to
messure the environmenta impact of a policy-induced crop change that includes the impact of
land characterigtics on agricutura pollution and the demand for water quaity. To follow this
example and to develop indicators of environmenta outcomes that are more meaningful requires
data on land characterigtics that are linked to farmer decisions and production practices. Such
data are not available on anationa scale, athough regiona studies may collect thistype of data.
However, it is possible to link NRI land quaity data with farm production data, dthough thisis
not a perfect solution since the NRI data do not come from the exact same plot as the farm data.

Much of the literature on land use has relied on data aggregated to the county or crop

reporting didtrict level. The study by Wu isthe only sudy usng farm-level data. Pooled cross-
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section, time-series data at the farm level would be ided for studying land use and input use
questions, but such data are generdly not available. However, more studies using cross-sectiond
farm level data are needed for examining farmers decisons regarding risk management, land

use, and input use decisons and their impact on the environment.

Another assumption made in many studies is that economicaly margind land thet is
brought into production by crop insurance or other programsis aso environmentaly margina.
For example, the environmenta importance of the extensve margin effect of crop insurance
depends on whether the lands that are margina for crop production are o environmentaly
margind. Heimlich (1989) addressed this question by corrdating corn yields with land
capability dass and erodibility dass! In hisandysis, corn yields dedlined asland capability
classincreased (correlation of —0.385), but yidd levels were inconsistent among erodibility
classes. Figure 1 shows the cumulative distribution of nonirrigated cropland by corn yield and
erodibility class (highly erodible or nonerodible) for 1982. AsFigure 1 shows, not dl highly
erodible land is unproductive, and some nonerodible land has low productivity. Heimlich's
results do not generaly support ahighly positive correlation between low yields and erodibility.
Hemlich's study is one example of an attempt to test this hypothesis, and he showed thet it is not
necessarily true. Further work is needed to better understand whether land at the extensive
margin is aso environmentally fragile

Research has concentrated on the impacts of multiple peril crop insurance on input use
and land use. Crop revenue insurance is a product more recently offered by the government.
Revenue insurance guarantees a certain leve of revenue, and thus protects the farmer from

declinesin both crop prices and yields. Y et to be determined is how revenue insurance may

! Theland capability classification system divides soil into classes I-V111. Soilsin classes|-11 are best suited for
cultivation.
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change input and land use decisions, relative to those decisions made under multiple peril crop
insurance, which protects againg yield declines only.

Findly, farm programs changed sgnificantly with the 1996 Farm Bill. However, much
published research examines the impact of pre-1996 Farm Programs on land and input use. This
iséat least partly due to the time required to collect data and publish results, but we are in need of

gudies examining the impact of the new programs.

Conclusions

This paper has reviewed the literature, both theoretica and empirica, analyzing the links
between crop insurance, farmer decisions about land use and input use, and associated
environmenta outcomes. Research done to date suggests that federally-subsidized crop
insurance tends to decrease fertilizer use by risk averse farmers, but that crop insurance is aso
encouraging farmers to plant more acres of riskier crops than they would without the insurance.
Research efforts need to be broadened to include consderation of the joint effects of multiple
policies, to develop better indicators of environmenta outcomes, to determine the environmental
vulnerability of economically margind cropland, and to explore the potentid implications of
crop revenue insurance and other post-1996 farm programs.

This paper has only addressed the potentia environmental costs of governmert risk
management programs, such as subsidized crop insurance. We have not addressed the benefits
of subsdized crop insurance, which may or may not outweigh the cogts. If the benefits of
subsidized crop insurance are greet, there may be other means to mitigete any harmful
environmentd effects. On the other hand, there may be other programs that would be more

beneficid to farmers than subsidized crop insurance with fewer environmenta costs.
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Table 1. Resultsof Studies Examining the Effect of Risk Aversion and/or Crop Insurance with Production Risk on Input Use

Sudy Typeof Sudy | Assumptions Effect on input use
Pope and Kramer theoretical CRRA - for theoneinput case, risk aversion leads a producer to use more
(1979) oneinput and two inputs (less) of risk-decreasing (increasing) input
two inputs makes the results ambiguous
Leathers and Quiggin | theoretical IARA, DARA, CARA for arisk averse producer, the impact of yield and price uncertainty
(1991) on input use depends on the assumption on the utility function used
Loehman and Nelson theoretical CARA and CRRA the impact of risk aversion on input use depends on whether the two
(1992 two inputs inputs are substitutes or complements and on whether each isrisk-
decreasing or risk increasing
Ahsan, Ali and Kurian | theoretical EU max. with 2 states of nature crop insurance will cause risk averse producers to increase (decrease)
(1982) oneinput, one output the use of risk-increasing (reducing) inputs
full coverage crop insurance
Nelson and Loehman theoretical multiple inputs, one output although complete insuranceis likely to increase (decrease) input use
(1987) crop insurance by risk-averse producers for risk increasing (decreasing) inputs, the
moral hazard moral hazard effect is likely to decrease input use
Quiggin (1993) theoretical two state of nature, good and bad crop insurance will tend to reduce use of risk-reducing and risk
marginal product of input greater in neutral inputs by risk-averse producers, and increase input use for
good state strongly risk-increasing inputs
crop insurance and moral hazard
Horowitz and empirica moral hazard Crop insurance increases input use
Lichtenberg (1994) econometric pesticides can be strongly risk- producers who purchased insurance applied 20% more N per acre and
anaysis increasing spent 22% more on pesticides
crop insurance decision made before
input use decisions
Smith and Goodwin empirica moral hazard crop insurance reduces input use
(199) econometric crop insurance decision made each dollar spent on chemical inputs lowers the probability of
analysis simultaneously with input use decisions insurance purchases by about 1%
Nimon and Mishra empirica moral hazard crop insurance increases pesticide use
(2001) econometric crop insurance decision made crop insurance reduces fertilizer use
analysis simultaneously with input use decisions
Babcock and Hennessy | farm CARA based on farm production data, increased fertilizer use decreased the
(1996) simulation farm ssimulation probability of low yields
increasing insurance coverage induces decreased fertilizer
applications
Quiggin, Karagiannis, | production insurance an input to production insured farmers tend to use less variable inputs
and Stanton (1993) function function
estimation
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Table 2. Results of Studies Examining the Environmental Impact of Crop Insurance at the Extensve Margin

Sudy Type of Study Study region Result of crop insurance subsidies and/or disaster
payments
Young et d. (1999) smulétion U.S,, seven regions, - aggregate increase of 600,000 cropped acres

county-level data no environmental measures
Griffin (1996) empirical econometric Great Plains, county- 16 million acresremained in production
andyss level data

crop insurance and disaster assistance programs wipe
out mogt soil erason gains of CRP

Keeton, Skees, and

empirica econometric

U.S,, crop reporting

45 million acres brought into production (including 30

Long (1999) andyss digtrict data million CRP acres)
no environmental measures
Goodwin, Smith and empirical econometric U.S., county-leved increased average annua soil loss of 0.6 tons per acre
Hammond (1999) andyss data (compared to annud reduction of soil loss from CRP of
1.7 tons per acre)
Goodwin and empirica econometric Corn Bdlt, county- less than 0.1% increase in corn and soybean acreage
Vandeveer (2000) andyss level data no environmental measures
Wu (1999) empirical econometric Nebraska, farm-levd farms grow more corn and soybeans and less hay and

andyss

data

pasture

crop mix changes lead to 20% increase in N use, 33%
increasein P use, and 22 % increase in arazine use




Figure 1. Cumulative distribution of nonirrigated cropland by corn yield and erodibility class,
1982
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