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Abstract
The paper estimates the impacts of risk reducing government pro-

grams on the use of conservation practices in agriculture. Specifi-
cally, conservation tillage or no-till agriculture can be used to reduce
risk from weather shocks while subsidized crop insurance and disaster
payments also reduce risk from weather shocks through financial assis-
tance. The paper examines the extent to which conservation practices
(i.e., private insurance) and government programs (i.e., public insur-
ance) are substitutes for each other. The paper uses data on con-
servation practices from the Conservation Tillage Information Center.
Results are estimated using instrumental variables and spatial panel
data techniques. The economic model shows that government support
programs and self management of risk through improved production
practices are substitutes. The empirical analysis shows that produc-
ers with riskier climate conditions are more likely to use conservation
tillage practices but that recent receipts of ad-hoc disaster payments
and insurance indemnity payments reduce those probabilities.

1 Introduction

In this paper, we examine the various incentives in place for an agricultural
producer to adopt conservation tillage practices. Conservation tillage is a
method of production that leaves more residue on the field after harvest.
This has several benefits, both public and private. The public benefits of
conservation tillage include reduced runoff and improved water quality, and
these public benefits have been used to justify a variety of federal, state,
and local programs that provide funding to assist producers in adopting
conservation tillage. In addition to the public benefits, there are also private
benefits to an individual producer for adopting conservation tillage. These
private benefits include improved soil moisture conditions and reduced topsoil
runoff. While reduced topsoil runoff is a medium to long-run benefit to an
individual landowner, improving soil moisture is a benefit in the short run.

2 Literature Review

There has been a limited analysis of the determinant of agricultural dis-
aster payments. Some of the previous literature has examined the polit-
ical influence of elected officials on disaster payments (Garrett, Marsh &
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Marshall 2006). Despite a stated desire to move away from disaster pay-
ments and rely more on subsidized crop insurance, Congress has continued
to fund ad-hoc disaster payments on a regular basis (Glauber & Collins 2002,
Chite 2006). Other research has examined the connection between crop in-
surance enrollment and disaster payments (Goodwin & Vado 2007, Goodwin
& Rejesus 2008), finding evidence that producers substitute away from crop
insurance coverage with high levels of disaster payments. However, existing
research has not examined the link between those payments and a producer’s
choice of production practice. The literature on crop insurance is more devel-
oped, and studies have examined enrollment decisions, trying to determine if
either moral hazard or adverse selection exists in crop insurance enrollment
and production practice choice. In previous work, Ding et al (2009) find
evidence that high rates of enrollment in crop insurance reduce the use of
conservation tillage practices. However, the paper does not include disaster
payments or actual indemnity payments.

The goal of this paper is to estimate the impact of federal risk manage-
ment programs on the adoption of risk reducing production methods. To do
this, we first develop an economic model that examines the tradeoffs facing
a producer. The model highlights how expected payments from government
programs affect a producers’ decision to self-protect against crop failures.
The empirical estimation is motivated by the economic model and by ex-
isting literature. We first develop a consistent estimator of ad-hoc disaster
payments and insurance indemnity payments. In doing so we use a variety
of weather and climate data that provide better indicators of crop failure
than the data used in previous studies. Using the predicted values for disas-
ter payments and climate data, we use simultaneous equation estimation to
measure the impact of those payments on tillage practices. The results shed
light on how government payments and production practices are expected
to respond to climate change and increasing incidence of extreme weather
events if such programs are not changed.

3 Government Programs

Before developing the economic model of producer investment in risk-reducing
practices, we describe some of the government programs that are included in
our economic model.
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3.1 Disaster Payments

Ad-hoc disaster payments are frequently used to reimburse farmers after
natural disasters occur. Drought is the most cited reason for ad-hoc disaster
payments, although floods are also a common cause (Garrett et al. 2006).
For example, P.L. 108-7 of 2003 provided 3.1 billion dollars to crop and
livestock producers in counties affected by drought during the 2001 and 2002
seasons, and P.L. 103-75 of 1993 provided 2.5 billion dollars to Midwest
producers impacted by flood (Chite 2006). These ad-hoc disaster payments
have continued in recent years, despite changes to the federal crop insurance
program designed to increase the level of enrollment and reduce the need for
disaster payments (Glauber & Collins 2002).

3.2 Crop Insurance

Since 1980, the Federal Crop Insurance Program has become the primary
form of crop loss protection for agricultural producers in the United States.
To encourage participation, the insurance premiums are highly subsidized.
According to the 2007 report of the Risk Management Agency (RMA), ap-
proximately 60 percent of total premiums were paid by the federal govern-
ment. The high level of subsidies has raised concerns about the poten-
tial distorting effects of the crop insurance program on farmers’ produc-
tion decisions. Previous research suggests that crop insurance plays a role
in determining input use, planted acres, and cropping patterns (Smith &
Goodwin 1996, Babcock & Hennessy 1996, Wu 1999, Goodwin, Vandeveer &
Deal n.d.). Williams (1988) and Wu and Babcock (1998) have analyzed the
effect of crop insurance on tillage practices, but their results were inconclu-
sive as to whether crop insurance programs promote or delay the adoption
of conservation tillage. In a previous paper we found that the percentage of
producers enrolled in crop insurance coverage is negatively correlated with
the proportion of land in no-till and conservation till (Ding, Schoengold &
Tadesse 2009). While the primary focus of the current paper is on the role
of disaster payments it is clear that crop insurance indemnity payments may
also affect the use of risk-reducing practices.
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4 Economic Model

Let wealth or income be the sum of direct profits from production and gov-
ernment payments. We let x denote the level of residue left on the field from
conservation tillage, so a high level of x corresponds to no-till production and
a low level of x corresponds to conventional tillage. The weather condition
is a stochastic variable and is denoted by θ with mean θ̄ and variance σ2. A
low value of θ represents weather that is more conducive to high production
levels. A producer also has the option to purchase crop insurance, and the
chosen level of coverage is k, where a higher level of k denotes more insurance
coverage. The total profit isW (x, k, θ), which includes net revenue from farm
production and from government payments.

4.1 Net production profit

To put more structure on the problem, we represent stochastic production
levels by a Just-Pope production function, which assumes that the output
function can be separated into two components - a deterministic portion that
is a function of input variables and a stochastic portion that is a function of
inputs and the stochastic variable.

y(x, θ) = f(x) + g(x)θ (1)

Conservation tillage practices can reduce the risk associated with stochas-
tic rainfall, irrigation availability, and temperature. Since higher levels of θ
denote poor weather conditions, we assume that g(x) < 0 with g′(x) > 0 and
g′′(x) < 0.

There is a cost of adopting conservation tillage, and that cost is denoted
by c(x), where c′(x) > 0 and c′′(x) > 0. These costs include things like
the time needed to learn about new production methods and the costs for
additional inputs such as fertilizer and insecticides that are required with
reduced tillage. Combining these gives the function for net production profit,
which is π(x, θ) = f(x)+ g(x)θ− c(x). This reflects the real profit net of any
government programs.

4.2 Government programs

In this work, we are primarily interested in the impact of government pro-
grams that are designed to affect risk and the adoption of conservation prac-
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tices. Specifically, we focus on two types of programs: ad-hoc disaster pay-
ments and insurance indemnity. Disaster payments are voted on by Congress
after some type of event such as a flood, drought, or tornado. Disaster pay-
ments are expected to increase with poor weather, which is denoted by a
high value of θ and to increase with high levels of political influence. These
payments are denoted by D(z, θ) with Dθ(z, θ) > 0 and Dz(z, θ) > 0 where
z denotes the level of political influence that state representatives have on
funding decisions. As these payments are supposed to be provided for serious
disasters, we assume that Dθθ(z, θ) > 0. Also, for the same weather condi-
tions, those areas with better representation are expected to receive higher
payments, and thus Dzθ(z, θ) > 0. The influence z is due to committee
membership on important Congressional committees or other state level po-
litical factors. Thus, this parameter measures the relative political influence
for a particular location relative to a baseline level of political support for
agriculture.

The second relevant government program is insurance indemnity pay-
ments. The amount of the indemnity paid to a farmer is denoted by I(k, θ)
where an individual producer chooses a level of coverage denoted by k and
payment is based on the level of coverage and the weather outcome. In a pri-
vate and competitive insurance market, the premium rate for coverage level
k, denoted by M(k), should equal the expected value of the indemnity pay-
ments, or M(k) =

∫
θ I(k, τ)f(τ)dτ ]. However, crop insurance is subsidized

by the federal government, with the subsidy level denoted by γ(k) where
γ(k) is between 0 and 1 and γk < 0. This reflects the reality that the federal
government offers large subsidies on relatively basic levels of coverage while
the subsidized proportion is reduced at higher levels of coverage. Thus, the
actual premium paid by the producer is (1− γ(k))M(k).

Thus, there are two choice variables for the producer (k and x), two
policy decisions (γ(k) and D(z, θ)), and one random variable (θ). For now
we consider the level of political influence z as exogenous to an individual
producer. The national policy variables will be affected by general support for
agricultural producers. Empirically, we will examine differences by county, so
both national level policies and differences in implementation by county are
important in identifying the impact of various policies on overall conservation.
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4.3 Producer profit

Combining the profit from production and government payments gives us
the following expression for total producer wealth, conditional on the policy
variables and the realization of the weather variable:

W (x, k|θ, z, γ(k)) = f(x) + g(x)θ − c(x) +D(z, θ) (2)

+I(k, θ)− (1− γ(k))M(k)

We denote the expected value of disaster payments as D̄(z, f(θ)) =∫
θ D(z, τ)f(τ)dτ and the expected value of net insurance indemnity payments
after premiums are paid as Ī(k, f(θ)) = γ(k)

∫
θ I(k, τ)f(τ)dτ .

The expected value and variance of wealth are the following:

E[W (x, k|θ, z, δ, γ(k))] = f(x) + g(x)θ̄ − c(x) + D̄(z, f(θ)) (3)

+Ī(k, f(θ))

Var(W (x, k|θ, z, γ(k))) = [g(x) +Dθ(z, θ̄) + Iθ(k, θ̄)]
2σ2 (4)

= V 2σ2

We use V to denote the marginal change in wealth due to an increase in
mean value of θ. We note that Vx = g′(x) > 0 and Vxx = g′′(x) < 0. Also,
Vk = Iθk(k, θ̄) > 0 and Vkk = Iθkk(k, θ̄). Since insurance indemnity payments
increase in a linear manner with respect to coverage level, we assume that
Vkk = 0. We also note that Vkz = Vkx = Vxz = 0. The sign of V depends on
the relative size of the different components. The first component, g(x) <
0 and represents the yield risk reduction due to conservation tillage. The
second and third components are the marginal increase in disaster payments
and insurance indemnities respectively, and these are both positive. The net
effect is unclear and we cannot determine if V > 0 or V < 0. If the payments
from government programs more than offset expected losses in yield, V > 0
and expected returns increase with worse weather. If the lost returns from
yield losses are higher than the compensation from government programs,
V < 0 and expected returns decrease with worse weather. The effect of this
on a producer’s decisions about tillage and insurance coverage are determined
by the relative value of V and by an individual’s level of risk aversion r.

4.4 Expected utility

There are a variety of expressions that we could use to model the welfare
or utility of a producer. One form that is frequently used is the exponen-
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tial utility function, or U(W ) = 1 − e−rW . This utility function implies
that producers have constant absolute risk aversion of level r. This means
that expected utility is a function of the mean and variance of W , or that
EU(W ) = 1−e−r(µW−0.5rσ2

W ). Maximizing expected utility function gives the
following optimization problem:

max
x,k

EU = E[W (x, k|θ, z, γ(k))]− 0.5rV 2σ2 (5)

We substitute Equations 3 and 4 into the maximization problem to determine
a producer’s optimal level of tillage and insurance coverage. Most of the
literature considers the choice of tillage practice as a discrete choice, and in
our empirical section we do define discrete categories (e.g., no-till). However,
tillage practices span a wide range, and modeling it as a continuous variable
allows us to better understand the economic intuition without changing the
fundamental results.

Solving Equation 5, we find the following first order conditions:

∂EU

∂x
= fx() + gx()θ̄ − cx()− rV

∂V

∂x
σ2 = 0 (6)

∂EU

∂k
= Īk()− rV

∂V

∂k
σ2 = 0 (7)

Equations 6 and 7 vary from the standard first order conditions for profit
maximization due to the risk aversion parameter. Under risk neutrality, a
producer will choose the level of tillage and insurance coverage to equate the
marginal benefits and marginal costs of those decisions. These decisions are
modified based on the risk aversion levels

Assuming an interior solution, we find the second order conditions which
we denote by SOCx and SOCk.

∂2EU

∂x2
= fxx() + gxx()θ̄ − cxx() (8)

−rσ2(V Vxx + V 2
x ) < 0

∂2EU

∂k2
= Īkk()− rσ2V 2

k < 0 (9)

In order to solve the comparative statics we create a new variable γ̄ which
represents the average subsidy level for γ(k) over all possible values of k.
Thus, the comparative statics results measure the effect of a change of equal
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proportion across all subsidy levels. We totally differentiate the first order
conditions with respect to the endogenous variables (x and k) and those
variables that are exogenous to a single producer (z, γ̄, θ̄, σ2).[

SOCx −rσ2VxVk

−rσ2VxVk SOCk

](
dx
dk

)

Denoting the matrix as [A], we can solve for changes in the choice vari-
ables based on changes in the exogenous policy variables based on the fol-
lowing:

[A]

(
dx
dk

)
=

[
rσ2VxVz 0 rV Vx −Vx(1− rσ2Vθ̄)
rσ2VkVz −

∫
θ I(k, τ)f(τ)dτ rV Vk −(Īkθ̄()− rσ2(VkVθ̄))

]
dz
dγ̄
dσ2

dθ̄


Since we know that the second order conditions are negative and that their

product is larger than the cross terms, we can show that the determinant of
the matrix A is positive.

We use Cramer’s Rule to calculate the impact of the exogenous variables
of interest on a producer’s choices. We first present the impact of each of the
four variables of interest (political representation, average insurance subsidy
rate, variance of weather outcomes and average weather outcomes) on tillage
choice.

4.5 Impacts of Exogenous Variables on Tillage Levels

dx

dz
=

rσ2VxVz(SOCk − rσ2V 2
k )

|A|
< 0 (10)

Equation 10 shows that an increase in the level of government representa-
tion on key committees reduces an individual’s incentive to use conservation
tillage to reduce yield risk.

dx

dγ̄
= −

∫
θ
I(k, τ)f(τ)dτ

rσ2VxVk

|A|
< 0 (11)
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Equation 11 shows that an increase in the average subsidy level for insurance
reduces the level of conservation tillage. This is equivalent to showing that
managing risk through changes in production practices and managing risk
through insurance are substitutes for each other.

dx

dσ2
= −r2V VxVkσ

2(Vk − Vx)

|A|
(12)

The sign of Equation 12 depends on the sign of V and on the relative magni-
tudes of Vk and Vx. For producers who rely entirely on production practices
for risk management and do not use government programs, it is clear that
dx
dσ2 > 0 and an increase in weather risk increases the level of tillage. When
government programs compensate for those losses the sign is unclear.

dx

dθ̄
= − Īkk()Vx(1− rσ2Vθ̄)

|A|
(13)

The sign of Equation 13 is also unclear and depends on whether rσ2Vθ̄ > 1.
The next section shows the derived impacts of the exogenous variables

on a producer’s choice for insurance coverage. As with the decision about
tillage practices, most of the results are intuitive and depend on the relative
importance of insurance protection and production choices in managing risk.

4.6 Impacts of Exogenous Variables on Insurance Cov-
erage

The following comparative statics show how a producer’s decision about the
level of insurance coverage is influenced by political and weather variables.

dk

dz
= r

σ2VkVz(SOCx + rσ2VxVxx)

|A|
< 0 (14)

Equation 14 shows that a producer is less likely to enroll in high levels of crop
insurance coverage when he or she has a high level of political representation
due to the expected impact on disaster payments

dk

dγ̄
= −

∫
θ
I(k, τ)f(τ)dτ

SOCx

|A|
> 0 (15)

Equation 15 shows that an increase in the average subsidy level for insurance
coverage will increase demand for insurance. This is intuitive and can be
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observed in historical patterns of insurance coverage and subsidy rates in the
United State. While not the sole reason for changes in the number of pro-
ducers who enroll in crop insurance, higher subsidies during the past thirty
years are correlated with increased levels of crop insurance participation.

dk

dσ2
= rV Vk

(SOCx + rσ2V 2
x )

|A|
(16)

The sign of Equation 16 depends on the sign of V . If V > 0, then we expect
that dk

dσ2 < 0. The intuition for this result is that if the expected payment
increases with deteriorating weather conditions, an increase in the variance
of the weather variable actually leads a producer to demand lower levels of
crop insurance.

dk

dθ̄
= −SOCx(Īkθ()− rσ2VkV ¯theta)− V 2

x rσ
2Vk(1− rσ2Vθ̄)

|A|
(17)

The sign of Equation 17 is unclear and depends on the magnitudes of several
effects. Under risk neutrality (r = 0), it is clear that dk

dθ̄
> 0 and that when

average weather conditions are worse producers will respond by purchasing a
higher level of insurance. In most cases we expect that result to hold under
risk aversion as well. However, in cases where government program payments
are expected to be high even without insurance (i.e., through ad-hoc disaster
payments), this result may not hold.

5 Empirical Estimation Strategy

The empirical strategy allows us to measure the effect of government pay-
ments on the use of conservation practices by comparing differences in adop-
tion levels across counties, and relating those differences to heterogeneity in
government funding. For example, the total level of ad-hoc disaster pay-
ments that were paid to producers in Adair and Cass counties in Iowa from
1990 until 2008 was $2,216,339 and $2,687,147, respectively, while the total
payments to Adams county, which is adjacent to Adair and Cass counties,
was $7,376,018 (FSA payment data).

We are concerned that the data on disaster payments and insurance in-
demnities may be endogenous to the estimation of tillage practice. Since
producers choose both their crop insurance coverage level and tillage prac-
tices, there may be underlying characteristics that affect both of these choices.
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For example, a producer with more education may be both better informed
about government programs and about the benefits and practice of conserva-
tion tillage. With disaster payments, there may be underlying characteristics
of the county that affect both the level of disaster payment and the choice
of tillage practice. For example, counties that are more rural may have less
access to extension and other educational materials about production prac-
tices and those same counties may be more likely to vote for representatives
who support large disaster payments. Therefore we need to find instruments
that are correlated with the level of government programs but uncorrelated
with tillage practices. As shown in Garrett et al. (2006), any estimation of
disaster payments should include insurance indemnities. However, Garrett
et al.(2006) also show that insurance indemnity payments are endogenous to
disaster payments and therefore we estimate the level of government program
payments in two steps. First, we estimate the level of indemnity payments
in a particular year and then use the predicted values of indemnity payments
in the Tobit estimation of disaster payments. Predicted values for both pro-
grams are then used to estimate tillage production practices.

5.1 Government Programs

The data on disaster payments were obtained through a request with the
USDA Farm Service Agency (FSA). The original data has transaction level
data on all government program payments that are managed through FSA,
including disaster payments, commodity programs, the Conservation Reserve
Program, as well as may others. There are a variety of different program
codes that are used for disaster payments. The original data includes a short
program code, however, that code was not very useful in determining the
target of a program. Thus, we determined which program codes to used by
comparing a sample of the counties and state totals to the payments listed
in the Environmental Working Group’s data. The aggregate totals are for
crop production disaster payments, as livestock related payments would not
directly affect crop production practices.

The crop insurance indemnity payments are from the USDA Risk Man-
agement Agency (RMA). The original data files include the total payment
by year, crop, and type of coverage to a particular county. For our initial
results we aggregate the total payment for all crops and insurance plans to
get an annual county-level total indemnity payment. Total payments for all
programs are in constant 2006 dollars.
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5.2 Estimation of Government Payments

The first step of the analysis is to obtain estimates of government payments,
as we need instruments for these payments to measure their effect on pro-
duction practices. To do so, we jointly estimate disaster payments and crop
insurance indemnities. We estimate these for the 1990-2006 period. One
decision that we need to make is whether to use the program year or the
calendar year for the disaster payment estimation. The program year refers
to the year that the appropriation is made for an ad-hoc disaster payment.
Thus, if knowledge of future payments impacts production practices, this
is the appropriate measure to use for estimating the impact on behavior.
However, if there is uncertainty about those payments, the calendar year
may be the appropriate measure, as it provides the actual amount of money
transferred in a particular year. In most cases, the calendar year payment
is in the year following the program year. We use the program year for
the analysis since it is more straightforward to connect weather conditions
with payments. An analysis using the calendar year shows that the primary
results are unchanged.

In estimating these payments, one concern is the censoring of the payment
data. In many years there are no disaster payments to a county, and thus
we need an estimation method that accounts for the large number of zeros
in the data. Of a total of 1,992 unique year/county observations, 1,249 have
no disaster payment. If the analysis was done at an individual producer level
this would also be a concern for crop insurance indemnity payments since
producers do not receive insurance payments every year. However, when we
aggregate to a county level the insurance indemnity total is always positive.

Letting y1 denote crop insurance indemnity payments, x1 denote instru-
ments for the crop insurance indemnity estimation, y2 denote the actual
(censored) value of disaster payments and x2 the instruments for disaster
payments, we estimate the following equations to get predicted values for
government program payments.

y1 = α1x1 + ϵ1 (18)

y∗2 = α2x2 + α3ŷ1 + ϵ2 (19)

Where y2 = 0 if y∗2 ≤ 0

y2 = y∗2 if y∗2 > 0
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Table 1: Frequency of Indemnity Payments by Type and Month, 1990-2008
Excess

Month Drought Percent Freeze Percent Flood Percent Precip. Percent Heat Percent
January 969 1.7% 84 2.1% 63 0.5% 625 0.7% 109 1.0%
February 343 0.6% 51 1.2% 22 0.2% 220 0.3% 27 0.3%
March 526 0.9% 152 3.7% 42 0.4% 1,156 1.3% 23 0.2%
April 1,363 2.4% 361 8.8% 202 1.7% 6,444 7.5% 67 0.6%
May 5,217 9.1% 728 17.8% 2,737 23.1% 26,671 31.0% 551 5.1%
June 8,904 15.6% 281 6.9% 4,684 39.5% 24,506 28.5% 1,471 13.6%
July 13,175 23.1% 268 6.5% 1,944 16.4% 10,348 12.0% 3,329 30.9%
August 10,938 19.2% 241 5.9% 658 5.5% 4,190 4.9% 2,611 24.2%
September 4,669 8.2% 1,227 30.0% 482 4.1% 3,012 3.5% 796 7.4%
October 4,366 7.7% 403 9.8% 486 4.1% 3,596 4.2% 862 8.0%
November 3,727 6.5% 175 4.3% 354 3.0% 2,995 3.5% 532 4.9%
December 2,837 5.0% 125 3.1% 196 1.7% 2,248 2.6% 400 3.7%
Total 57034 4096 11870 86011 10778

The predicted values from Equations 18 and 19 will be used in the multi-
nomial logit estimation of production practices.

5.3 Crop Insurance Indemnities

Crop insurance indemnities are expected in conditions when there are crop
failures. In addition to the measures for drought and flood, indicators of
temperature extremes during the growing season are expected to contribute
to higher levels of indemnity payments. Table 1 shows the frequency of
payments for some of the most common reasons for indemnity payments by
month. If flood and excess precipitation are combined, it is clear that either
too much or too little precipitation (drought) are the most frequent causes
of indemnity payments.

5.3.1 Instruments for Crop Insurance Indemnities and Disaster
Payments

We use several sources of weather and climate information in the estima-
tion. Two of the most common reasons for disaster payments are flood and
drought. The Palmer Drought Severity Index (PDSI) is the standard mea-
sure of drought in the meteorological literature. The PDSI measures drought
conditions in a particular location relative to average conditions, which al-
lows the measure to be comparable across locations. It uses measures of
precipitation and soil moisture, which provides a better indicator of drought
conditions than solely using precipitation measures. Flood conditions can
also be measured using the PDSI, although in many cases the standard pre-
cipitation index (SPI) is a better measure.
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As opposed to simply using a maximum temperature or an average tem-
perature, which do not provide good information about the range and distri-
bution of temperatures over the growing season, we use degree days. Previous
research (Schlenker and Roberts, 2009) has shown that the number of degree
days over 30 is a good measure of yield loss. We include the number of degree
days over 30 as a measure of crop loss due to high temperatures. In addition
to the degree days we also use the number of acres planted, the April SPI,
total growing season precipitation, and the August PDSI value.

The important criteria for choosing an instrument is that the instrument
is correlated with the endogenous variable (i.e., crop insurance indemnities)
but is not correlated with the dependent variable in the primary estimation
(i.e., tillage practice choice). Since tillage practices are chosen prior to the
growing season, weather variables that affect output in the current season will
be uncorrelated with those choices. However, as shown by Table 1, current
season weather variables are strong predictors of insurance payments.

The choice of instruments for disaster payments needs to include at least
one variable that is uncorrelated with either crop insurance indemnity pay-
ments or with tillage practices. As shown in Garrett et al. (2006), political
representation in the Agricultural or Appropriations Committees in the Sen-
ate or House of Representatives is a determinant of disaster payments. In
addition, political support for the agricultural industry at the local level is
also predicted to be correlated with disaster payments. Disaster payments
are also determined by the level of a disaster, and thus we also include county-
level variables that indicate weather conditions during the growing season.
We use the Smith-Blundell procedure to test for the exogeneity of crop in-
surance indemnity payments in the disaster payment estimation. We are
unable to accept the hypothesis that they are exogenous and thus we use the
predicted values as instruments in the disaster payment estimation.

5.3.2 Estimation Results

We first estimate total insurance indemnity payments (measured in 2006
dollars) as function of several factors using an OLS regression. The results
of the estimation are shown in Table 5.3.2.

The predicted values from Equation 18 are used as instruments in the
estimation of Equation 19.

Most of the instruments used in the estimation have the expected signs
and are of standard significance levels. The results of the disaster payment
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Instrument Coefficient Standard Error T-Statistic P-value
Degree days above 30 41,901 2662 15.7 0.000
Growing season precipitation 3755 4299 0.870 0.382
August PDSI 138,318 31,509 4.39 0.000
April SPI -13,500 46,303 -0.29 0.771
Acres Planted 5.91 0.378 15.6 0.000
Constant -1,042,463 227,527 -4.58 0.000

Instrument Coefficient Standard Error T-Statistic P-value
Republican Governor 206,223 90,009 2.29 0.022
August PDSI -217,404 31,452 -6.91 0.000
Ag. Committee Reps 458,761 84,990 5.40 0.000
App. Committee Reps -262,322 74,068 -3.54 0.000
Flood Precipitation -1205 7622 -0.16 0.874
Predicted Insurance Indemnity .00182 .0493 0.04 0.970
Constant -1,355,616 160,804 -8.43 0.000

estimation are shown in Table 5.3.2. Predicted values for the government
payment variables are used in the estimation of land use.

5.4 Land Use

The data on tillage practices is collected by the Crop Residue Management
(CRM) Survey, conducted by the Conservation Technology Information Cen-
ter (CTIC). These data are collected annually from 1990-1998, and biennially
from 1998 until 2006. Conservation tillage generally refers to any practice
that leaves at least 30 percent of the residue on the field. We use two cate-
gories of conservation tillage - no-till, or zero tillage and other conservation
tillage. Other conservation tillage refers to ridge till and mulch till practices.
Reduced tillage refers to practices where 15 to 30 percent of the residue is left
on the field, and conventional refers to practices where less than 15 percent
of the residue is left on the field. In our analysis we use conventional tillage
as our base category and compare the use of conventional tillage with zero
tillage, conservation tillage, and reduced tillage practices.
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5.5 Weather and Climate Variables

In addition to information on government program payments we expect that
other characteristics of a county will affect the proportion of producers that
use conservation or no tillage practices. Previous work has found that recent
drought or flood conditions may lead to higher adoption of conservation
tillage practices (Ding et al. 2009). In addition, we expect that production
practices are determined in part by long-term conditions in a county. Thus,
we include long-term average levels for spring temperature and precipitation.
We expect that counties that have historically had drier conditions are more
likely to have greater levels of adoption of conservation tillage. In addition,
research has shown that conservation tillage has greater benefits on highly
erodible land. Thus, we include the proportion of land in a county that is
considered highly erodible.

6 Econometric Estimation and Results

The econometric estimation combines Zellner’s Seemingly Unrelated Regres-
sion (SUR) with panel data. We use conventional as the base category for
tillage and all coefficient estimates show the relative importance of the vari-
able in the use of a particular tillage practice relative to conventional. We
estimate the share equations for three practices: zero tillage, conservation
tillage, and reduced tillage. Lettingm denote the tillage system, i the county,
and t the year, we estimate a system of three equations. We use the predicted
values for the previous two years for crop insurance indemnity payments (ŷ1)
and ad-hoc disaster payments (ŷ2). Since we are interested in the effect of
unexpected program benefits we do not want to use the current year’s level
of payments. We tested using both the previous year and the previous two
years and the results are similar. However, we expect that the previous two
years does a better job of estimating the trend in those payments, and it is
that trend that we expect will have the primary influence on behavior.

log(smit /s
0
it) = Xm

it βm + ŷ1β1 + ŷ2β2 + µm
i + νm

it (20)

The estimation allows for spatial autocorrelation in the error structure
where,

νm
t = (IN − λmW )−1vmt (21)
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where W is the spatial weight matrix. The matrix W is a symmetric con-
tiguous matrix, where each element (wij) equals 1 if county i is adjacent to
county j, and 0 otherwise.

6.1 Results

Table 2 shows the results of the estimation with and without using the in-
strumented values of government program payments.

Since the coefficients in the estimation of the system of share equations
do not show the marginal effects we also compute the marginal effects of the
explanatory variables on all tillage practices with and without the instrumen-
tal variables. Table 3 shows the marginal effects of each of the explanatory
variables on the share of each tillage practice.

7 Discussion and Conclusion

The results from the estimation show several important things about how
farmers choose to manage climate risk based on the combination of practice
choices and government payments. They also provide evidence that using
instruments for government program payments is important, as those vari-
ables are endogenous. The signs of the coefficients in the system estimation
shown in Table 2 are generally as we expect. For example, the amount of
highly erodible land in a county is a strong predictor of the share of land
under zero tillage and conservation tillage relative to conventional tillage.
In previous research we found that recent drought and flood conditions are
significant predictors of the use of zero tillage and conservation tillage (Ding
et al. 2009). We still find that recent droughts and floods have a significant
impact on practice choice but the magnitude of the result is lower in the
current results. This provides evidence that the impact of recent climate
extremes on practice choice is tempered when government payments reduce
the financial impact.

Using instruments for government payments does not have a major ef-
fect on most of the coefficients in the results. Both the estimate coefficients
and significance levels are similar in the two estimation results. However,
using instruments for government payments does have a strong impact on
the magnitude and the significance of the impact of disaster payments on
production practices. It is not surprising that ad-hoc disaster payments have
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a larger effect than crop insurance indemnity payments, as crop insurance
payments can be predicted by a producer. However, ad-hoc disaster pay-
ments are generally unexpected and can vary significantly between counties.
The coefficients for zero, conservation, and reduced tillage are all negative
and significant with the instrumental variable estimation.

The estimate coefficients provide a comparison of the effect of the ex-
planatory variables on the predicted shares of each tillage practice relative to
conventional tillage but it is not straightforward to interpret the coefficients.
Thus, we also estimate the marginal effects of each variable of interest on
the share of all four tillage practices. Since the share equation estimates are
non-linear, the sign of the coefficient is not always the same as the sign of
the marginal effect. Table 3 shows the estimated marginal effects of each
variable. For comparison we include the estimated effects with and with-
out instrumental variables. As with the estimated coefficients, we find that
it is important to use instrumental variables for the government payments.
When we ignore the endogeneity of those payments we have find a small
marginal effect. However, when we properly account for the endogeneity of
the payments we find that while the marginal effects are still small, they are
both the expected sign and of a size that may be important. For example,
we find that an increase in recent disaster payments (measure in millions
of 2006 dollars) decreases the share of land in zero and conservation tillage
by 2.7 and 1.7 percent respective, while increasing the percentage of and in
conventional tillage by 3.3 percent. While these coefficients are not large,
when spread over a large area or with high levels of payments this could have
sizeable effect on land use choices, soil erosion, water pollution, and other
environmental indicators.

While previous research has examined the role of insurance indemnity
payments and insurance enrollment on production practices, this paper is
the first to extend those results to consider the impact of ad-hoc disaster
payments. While disaster payments are supposed to be rare and unexpected,
the reality is that the level of payments is sizeable, amounting to approxi-
mately 23 percent of crop insurance indemnity payments during the years
in our sample. Given the magnitude of these payments it is not surprising
that they may affect producer choices on practices. The economic model
in the paper provides a clear description of how a risk averse producer may
view government programs as a substitute for production choices that are
costly but reduce risk. The empirical results show that there is evidence that
counties that have had high rates of disaster and crop insurance indemnity
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payments are more likely to use conventional tillage practices, a choice that
can reduce costs but can increase the risk of weather related disasters.

21



References

Babcock, A. B. & Hennessy, D. (1996), ‘Input demand under yield and rev-
enue insurance’, American Journal of Agricultural Economics 78, 416–
427.

Chite, R. M. (2006), Emergency funding for agriculture: A brief history
of supplemental appropriations, fy1989-fy2006, Technical report, Con-
gressional Research Service/Resources, Science and Industry Division,
Library of Congress, Washington D.C.

Ding, Y., Schoengold, K. & Tadesse, T. (2009), ‘The impact of weather
extremes on agricultural production methods: Does drought increase
adoption of conservation tillage practices?’, Journal of Agricultural and
Resource Economics 34(3), 395–411.

Garrett, T. A., Marsh, T. L. & Marshall, M. I. (2006), ‘Political allocation
of us agriculture disaster payments in the 1990s’, International Review
of Law and Economics 26, 143–161.

Glauber, J. W. & Collins, K. J. (2002), ‘Crop insurance, disaster assistance,
and the role of the federal government in providing catastrophic risk
protection’, Agricultural Finance Review 62, 81–102.

Goodwin, B. K. & Rejesus, R. M. (2008), ‘Safety nets or trampolines? fed-
eral crop insurance, disaster assistance, and the farm bill’, Journal of
Agricultural and Applied Economics 40(2), 415–429.

Goodwin, B. K. & Vado, L. A. (2007), ‘Public responses to agricultural dis-
asters: Rethinking the role of government’, Canadian Journal of Agri-
cultural Economics 55, 399417.

Goodwin, B. K., Vandeveer, M. L. & Deal, J. (2004), ‘An empirical analysis
of acreage effects of participation in the federal crop insurance program’,
American Journal of Agricultural Economics 86, 1058–1077.

Schlenker, W. & Roberts, M. J. (2009), ‘Nonlinear temperature effects indi-
cate severe damages to u.s. crop yields under climate change’, Proceed-
ings of the National Academy of Sciences 106(37), 1559415598.

22



Smith, V. H. & Goodwin, B. K. (1996), ‘Crop insurance, moral hazard, and
agricultural chemical use’, American Journal of Agricultural Economics
78, 428–438.

Williams, J. R. (1988), ‘A stochastic dominance analysis of tillage and crop
insurance practices in a semiarid region’, American Journal of Agricul-
tural Economics 70(1), 112–120.

Wu, J. (1999), ‘Crop insurance, acreage decisions, and nonpoint-source pol-
lution’, American Journal of Agricultural Economics 81(2), 305–320.

Wu, J. & Babcock, B. A. (1998), ‘The choice of tillage, rotation, and soil
testing practices: Economic and environmental implications’, American
Journal of Agricultural Economics 80(3), 495–511.

23


