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Effects of Federal Risk Management
Programs on Optimal Acreage Allocation
and Nitrogen Use in a Texas
Cotton—Sorghum System

Sangtaek Seo, Paul D. Mitchell, and David J. Leatham

We analyze the effects of crop insurance and the Marketing Loan Program on optimal
nitrogen use and acreage allocation for a case cotton—sorghum farm in Texas. A mathe-
matical programuming model is used to solve for the optimal nitrogen fertilizer rate, crop
acreage allocation, coverage level, and price election factor, along with participation in the
crop insurance and the Marketing Loan Program for both crops. Results show that de-
pending on the crop and farmer risk aversion, these federal risk management programs
increase or decrease optimal fertilizer rates —6% to 3%, increase optimal cotton acreage
94% to 144%, and decrease sorghum acres up to 50%.
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Federal risk management programs such as
federal crop insurance and the Marketing Loan
Program (MLP) have effects beyond directly
improving farmer welfare. The income and
risk changes that result from farmer partici-
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pation in these and similar programs affect
crop acreage allocations (the extensive mar-
gin) and the use of inputs on each crop (the
intensive margin). The extensive and intensive
margin effects are important because they can
enhance or counteract the goals of other pro-
grams. These effects can induce farmers to in-
crease or decrease acreage of more erosive or
chemically intensive crops, or to use more or
less chemicals on land already allocated to
specific crops. For example, Goodwin and
Smith find that about half of the reductions in
soil erosion due to the Conservation Reserve
Program (CRP) were offset by increases in
erosion resulting from farmer responses to in-
come support programs. Similarly, Babcock
and Hennessy and Smith and Goodwin find
that farmers purchasing crop insurance have
incentives to reduce use of fertilizer and other
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chemicals, while Horowitz and Lichtenberg
find that crop insurance increases the use of
agricultural chemicals.

The extensive and intensive margin effects
of federal risk management programs continue
to be a pertinent issue because the availability
and subsidization of federal risk management
programs have increased in recent years. The
Agricultural Risk Protection Act {ARPA) of
2000 resulted in increased premium subsidies
and an expansion in the types of policies, the
crops covered, and geographic availability. To-
tal insured acres increased from 182 million
in 1998 to 216 million in 2002, with total k-
ability increasing from $28 billion to $37 bil-
lion (U.S. Department of Agriculture-Risk
Management Agency [USDA-RMA] 2002a).
Among the most popular insurance programs
are Actual Production History (APH) vield in-
surance and Crop Revenue Coverage (CRC)
revenue insurance, with liabilities in 2002 of
$15 billion and $8 billion, respectively
(USDA-RMA 2002a). The Farm Security and
Rural Investment Act of 2002 continued the
Marketing Loan Program (MLP), which pro-
vides loan deficiency payments as a form of
price insurance that protects farmers from low
prices, much as APH protects from low yields.
Loan deficiency payments equaled $6 billion
for the 2000 crop year (USDA-Farm Service
Agency [USDA-FSA] 2002a).

Several studies have analyzed the effects of
crop insurance and other federal risk manage-
ment programs to quantify their intensive and/
or extensive margin effects and interactions
among different programs. Econometric, sim-
ulation, and mathematical programming ap-
proaches have been used, each with respective
strengths and weaknesses.

Econometric studies concerning the effect
of insurance and federal programs on input use
and acreage allocations have the strength of
using actual producer behavior. However, this
strength is accompanied by a lack of detail in
modeling crop insurance and/or input use and
can generally only provide ex post policy anal-
ysis. For example, crop insurance participation
is typically modeled as a dummy variable and
input use is described as total per acre expen-
ditures on all fertilizers and/or chemical inputs
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(Goodwin and Smith; Horowitz and Lichten-
berg; Smith and Goodwin; Wu). Detail is
missing concerning specific inputs and which
insurance program is used (e.g., APH, CRC,
Revenue Assurance, Group Risk Plan, Income
Protection) and the chosen coverage level and
price election for each. Hence, specific con-
clusions concerning specific programs andfor
specific inputs usually cannot be developed,
only generalizations concerning aggregate ef-
fects. Furthermore, most econometric studies
examine the intensive margin or the extensive
margin effects of crop insurance in isolation,
though Wu is an exception. Finally, econo-
metric studies are based on farmer responses
to existing programs, making ex anfe evalua-
tion of new policies difficult if the policy de-
parts substantially from existing policies.
Analyses using simulation or mathematical
programming approaches overcome the prob-
lem of the lack of detail associated with an
econometric approach by creating optimiza-
tion models that endogenize the choice of in-
surance participation and/or input use, As a
result, such approaches can analyze the effect
of new policies types, coverage levels, or pre-
mium subsidies before data are available. For
example, before data existed on farmer re-
sponses to newly available revenue insurance
policies or decoupled transition payments,
Babcock and Hennessy and Hennessy exam-
ined the effect of these programs on the opti-
mal nitrogen fertilizer rate for a representative
Iowa corn farmer. However, this added detail
and ability for ex ante analysis generally
comes at the cost of losing the ability to gen-
eralize beyond the specifics assumed.
Simulation approaches can use commonly
accepted yield and price distributions (e.g.,
beta density for yields and lognormal density
for prices [Goodwin and Ker]) and can impose
desired correlations, i.e., negative correlation
between crop yield and price due to downward
sloping demand. However, because optimiza-
tion requires combining a grid search with
Monte Carlo integration (Babcock and Hen-
nessy; Hennessy), endogenizing input use, the
acreage allocations, crop insurance coverage
levels, and price elections becomes cumber-
some, As a result, simulation approaches typ-
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ically do not simultaneously examine intensive
and extensive margin effects, nor do they en-
dogenize crop acreage allocations and insur-
ance participation variables such as coverage
levels and price elections (Babcock and Hen-
nessy; Hennessy).

Mathematical programming can endogeni-
Ze numerous variables (e.g., input use, acreage
allocation, coverage levels, and price elec-
tions), but traditionally it has difficulty incor-
porating stochastic and correlated yields and
prices. As a result, most mathematical pro-
gramming analyses typically make restrictive
distributional assumptions or use limited em-
pirical data to specify stochastic crop yields
and prices.

The use of quadrature to directly maximize
expected utility requires specifying the joint
distribution function for prices and yields
{Kaylen, Preckel, and Loehman). However,
specifying this joint distribution function is
impossible for marginal densities commonly
used for crop yields and prices with correla-
tions among all yields and prices (e.g., beta
density for yields and lognormal density for
prices). To address this limitation, Kaylen,
Loehman, and Preckel assume independence
between crop yield and price and between the
different crop prices, and assume perfect cor-
relation between yields of the different crops,
while Coble, Heifner, and Zuniga use a hy-
perbolic tangent transformation to approxi-
mate normality.

Some mathematical programming analyses
capture the randomness and correlation in
prices and yields by using historical yield and
price data series as an empirical joint distri-
bution. However, these data tend to be limited
in length—for example, Turvey uses 21 years
of data, while Stokes, Coble and Dismukes use
34 years. These stochastic programming anal-
yses assume equal probability for each year of
data, which poorly predicts the weight in the
tails of these distributions, which is especially
problematic for crop insurance studies (see
Goodwin and Ker’s critique). Furthermore,
these studies typically use county-average
vield data, which, as Coble, Heifner, and Zu-
niga point out, underpredicts farm-level yield
variability because the county data average
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over several farms. Most crop insurance poli-
cies pay indemnities based on farm-level
yields, so farm yield data should be used or
simulated.

QOur contribution for empirical analysis of
the intensive and extensive margin effects of
federal risk management programs is to com-
bine the mathematical programming optimi-
zation method of Lambert and McCarl with
Richardson and Condra's method of generat-
ing multiple correlated random wvariables.
L.ambert and McCarl developed a direct ex-
pected utility maximizing nonlinear program-
ming to maximize expected utility when in-
come is stochastic. However, their method of
generating correlated random variables is not
clearly explained (p. 850) and likely not us-
able for generating large sets of correlated ran-
dom variables. Richardson and Condra’s
method for drawing correlated random vari-
ables is clearly explained and well established.
Though Richardson and Condra’s original ap-
plication also linked mathematical program-
ming with simulation, it did not include crop
insurance and the representative farmer max-
imized expected returns, so risk aversion was
not incorporated. Nevertheless, the method has
much to offer, and its potential has gone un-
noticed for analysis of the intensive and ex-
tensive margin effects of crop insurance. We
are aware of no other crop insurance study
combining mathematical programming and
simulation as we describe here.

Our primary goal is to illustrate the com-
bination of these two methods for analyzing
the intensive and extensive margin effects of
federal risk management programs. The meth-
od is more broadly applicable, but this appli-
cation seemed especially pertinent because the
issue remains policy relevant and several em-
pirical studies already exist that could benefit
from the method. First, we briefly review fed-
eral risk management programs, and then we
describe the model’s objective function and
constraints. Next, we explain the data and es-
timation of model parameters for a represen-
tative Texas cotton—sorghum farmer. Finally,
we present and discuss our empirical results
relative to previously published results.
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Federal Risk Management Programs

A farmer with APH insurance coverage re-
ceives an indemnity if the harvested yield is
less than the yield guarantee. Farmers choose
a yield coverage level ranging from 50% to
75% (up to 85% in some counties) by 5% in-
crements of their approved APH yield (a mov-
ing average of their harvested yields) and a
price election factor ranging from 55% to
100% by 1% increments of the officially an-
nounced expected market price. A farmer with
CRC insurance receives an indemnity if the
guaranteed revenue exceeds actual revenue.
The price for calculating revenue is derived
from the daily settlement price of futures con-
tracts for a given period for an appropriate
month for the crop. Again, the farmer must
choose a coverage level (50% to 85% by 5%
increments) and either a 95% or 100% price
election. Farmers receive a smaller indemnity
with CRC than with APH when the realized
market price used to calculate the APH indem-
nity exceeds the CRC base price or harvest
price used to calculate CRC indemnities.
Farmers participating in the MLP receive a
loan deficiency payment (LDP) when the mar-
keting loan rate exceeds the posted county
price or the world market price depending on
the crop. An LDP can be utilized when the
eligible crop is still owned by the farmer at
the time of harvest.

The specified model includes all eight pos-
sible combinations of APH crop insurance,
CRC revenue insurance, and the MLP. In each
case, the participation in insurance programs
and/or the MLP is chosen separately for each
crop among the available alternatives, so that
the insurance policy type, the coverage level,
and price election factor can differ for each
crop. The eight combinations (and their abbre-
viations) are: no program, the MLP only, APH
crop insurance only, APH crop insurance with
the MLLP (APH + MLP), CRC revenue insur-
ance only, CRC revenue insurance with the
MLP (CRC + MLP), both APH crop insur-
ance and CRC revenue insurance available
(APH + CRC), and both APH crop insurance
and CRC revenue insurance available with the
MLP (APH + CRC + MLP).
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Conceptual Framework

The modeled representative farmer earns in-
come by allocating total acreage A and a pur-
chased input x to crops j = 1 to J. The farmer
can also purchase crop yield or revenue insur-
ance and choose to participate in the MLP.
Thus, the farmer also chooses the price elec-
tion factor (PEF,) and coverage level (CVG,;)
for each insurance policy i = 1 to / and crop
Jj = 1 v J. The farmer can purchase only one
type of insurance for each crop and if a crop
is insured, all planted acres of that crop are
insured, all with the same price election and
coverage level. However, the farmer can pur-
chase different types of insurance for different
crops. These restrictions are in accordance
with current federal crop insurance programs.
Finally, a realization of the random variables
is a state of nature and 1s indexed by k.

For the most general case when all risk
management programs are available, per acre
income with crop insurance program i and
crop j in state of nature k is:

) T = ijyjk(xj) — ¢ — rx; + d,LDP,(py)

+ > [[(PEF,, CVG,)

if

— M,(PEF,

» CVGy)l,

where p;, is the realized crop price, y, is the
realized crop yield as a function of the input
level x;, ¢; is the nonrandom variable cost, and
r is the nonrandom price of the input x. LDP;,
is the realized loan deficiency payment that
depends on the realized crop price p; and d;
is an indicator variable for participation in the
MLP (d; = 1 if the farmer chooses to partic-
ipate, 0 otherwise). I, is the realized insur-
ance indemnity and M, is the nonrandom in-
surance premium for policy i, which both
depend on the chosen price election factor
(PEF;) and coverage level (CVG,;). Because
only one type of insurance can be purchased
for any crop j, at most PEF; > 0 and CVG,;
> 0 for only one policy i for each crop j.
Hence, when summing indemnities and pre-
miums over the index i, at most only one pol-
icy will have a positive premium and (possi-
bly} indemnity.
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For crop j, realized income in state k is
A;w;,, where A; is acreage planted to crop j.
Total realized income in state & is the sum of
realized income over all crops: m, = %; A/,
Random income from crop production is ,
which depends on random prices p, to p; and
random vyields y, to y, with the joint distribu-
tion F(-). A specific realization of this random
income is denoted m, Similarly, random per
acre income from crop j is 7, and is as reported
in Equation (1), except that all random vari-
ables have no realized state of nature index £.

The representative farmer maximizes the
expected utility of income, choosing the acre-
age allocation A, input use x;, and participa-
tion in the MLP; for all j, the price election
factor PEF; and coverage level CVG;; for all
i and j, and insurance program i:

(2) max fu (m) dF
Ay xp,i PEF ;.CVGy;.d;

X (P1sPar- s Pr Y15 Y2s o -5 ¥i)s

where u(-) is the farmer’s utility function (u'
> 0, u” < 0). Constraints include an acreage
allocation constraint (A = %, A)) and technical
constraints on the insurance programs (e.g.,
one policy per crop, and a PEF and a CVG
from available levels). Solving this optimiza-
tion problem, we get the optimal acreage al-
location and input use for each crop (4; and x;
for all j), as well as the optimal participation
in risk management programs (PEF, CVG,
for all i and j, and 4, for all j).

Direct expected utility maximizing nonlin-
ear programming (DEMP) solves this optimi-
zation problem using realizations of the ran-
dom variables (Lambert and McCarl).
Specifically, for a given utility function,
DEMP solves problem (2) as:

(3 max 2 u(m,),

AL PEF,,CVGyd; &

where m, = X, A/m, and w7, is defined by
Equation (1). Qur solution for the empirical
issue of where to obtain realizations of prices
and yields is explained in the empirical sec-
ton,
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For DEMP, the APH and CRC insurance
indemnities for any state k and crop j are

(4a)  Typp e = PEF py ps max{CVG pp 7 — ¥ OF,

4b) Ioep = max{PEF, CRC.j max{p}’,p}' }CVGCRC’,jyj

= (puyu), 0},

where ¥, is the average yield used by both
APH and CRC, ps is the expected price used
to calculate the APH indemnity, and p? and
p! are the futures price before planting (base
price) and the futures price before harvest
(harvest price) used to calculate CRC indem-
nities.

The nonrandom insurance premium for
each crop depends on the coverage level and
the price election factor. The actual (subsi-
dized) premium the representative farmer
would pay can be determined (USDA-RMA
2002c). The expected net indemnity is the ex-
pected difference between the indemnity and
the premium. Because the premium is nonran-
dom, the expected net indemnity is the ex-
pected indemnity minus the actual premium.
Because the integration required to calculate
the expected indemnity is analytically intrac-
table, Monte Carlo integration is used to nu-
merically estimate the expected indemnity
(Greene, pp. 181-183). Hence, the expected
indemnity for each policy is the average in-
demnity over all states &: 2, [,,(PEF;, CVGy).

The per acre loan deficiency payment
(LDP) for any crop j in state k is

(5) LDP, = max{MLR; — py. 0}y

where MLR, is the marketing loan rate set for
crop j. The marketing loan rate guarantees a
minimum price and so this program essentially
serves as price insurance without a premium.

This model specification is completely
static. Monte Carlo draws for each state of na-
ture k do not represent different years. Rather,
because maximizing expected utility of in-
come with the specified joint price and yield
distribution is analytically intractable, the
Monte Carlo draws simulate the joint distri-
bution for numerical maximization of expect-
ed utility, As a result, the model incorporates
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no dynamic effects, such as the effect of cur-
rent input and acreage choices on the mean
and variance of crop yields which then change
future insurance premiums.

Once optimal solutions have been deter-
mined, the intensive margin effect of each risk
management program for a crop is the differ-
ence in the optimal use of the input x; when
the program is available versus when it is not.
Similarly, the extensive margin effect is the
change in optimal acreage A, when the pro-
gram is available versus when it is not. De-
termining the intensive and extensive margin
effects of these federal risk management pro-
grams requires finding the solution to problem
(2} for the eight possible combinations of pro-
gram availability. However, once the details of
each program are accurately specified, analyt-
ical solutions generally become intractable, so
that we use DEMP to solve problem (3) for a
representative farmer and use sensitivity anal-
ysis to generalize from this specific case.

Empirical Model

Following other analyses, we use a negative-
exponential utility function (Babcock and
Hennessy; Kaylen, Loehman, and Preckel;
Lambert and McCarl). As a result, wealth ef-
fects (including those from premiums) do not
affect production decisions, and so all other
income is ignored. Hence, the utility function
for problem (3) is w(mw,) = 1 — exp(—R7),
where R > 0 is the coefficient of absolute risk
aversion. Values for R were chosen so the
farmer’s risk premium was a reasonable per-
centage of the income standard deviation
(Babcock, Choi, and Feinerman), which also
satisfies the upper bound suggested by McCarl
and Bessler.

For empirical analysis, we develop a rep-
resentative farm for San Patricio County, Tex-
as, an important cotton—sorghum area. Texas
accounted for 41% and 33% of total U.S.
planted acres of cotton and sorghum, respec-
tively, in 2002, and San Patricio County ac-
counted for 2.2% and 2.9% of total cotton and
sorghum acres planted in Texas in 2002 (U.S.
Department of Agriculture-National Agricul-
ture Statistics Service [USDA-—NASS]). Using
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USDA-NASS agricultural census data as a
guide, the representative farm allocates 1,700
acres between cotton and sorghum. In San Pa-
tricio County, both APH and CRC are avail-
able for both cotton and sorghum, with avail-
able APH and CRC coverage levels ranging
50% to 85% for cotton and 50% to 75% for
sorghum, both by 5% increments. The avail-
able APH price election factor ranges from
55% to 100% by 1% increments, but with
CRC the price election factor is either 95% or
100% (USDA-RMA 2002c¢). The marketing
loan rate for this region in 2002 was $0.52/1b
for cotton and $2,17/bu.for sorghum (USDA—
FSA 2002b).

Prices, Yields, and Correlations

Table 1 reports the price and yield parameters
used for the empirical analysis; the source of
these parameters is summarized here. Yield
trends in USDA-NASS county-average yields
for cotton and sorghum from 1980 to 2001
were estimated using least squares. Because
no statistically significant yield trend was
found at the 5% level of significance, the av-
erage of county average yields from 1997 to
2000 is used for the mean yield for each crop.
Because field-level yield variability is greater
than the variability of county average yield,
the empirical analysis uses a yield standard de-
viation 1.5 times greater than that for the 1980
to 2001 county average yields, so each yield
coefficient of variation is comparable to re-
sults for farm level yields from crop insurance
studies (Coble, Heifner, and Zuniga).

To be consistent with the yield assump-
tions, we used the four-year state average price
from 1997 to 2000 for the mean price, with
price standard deviations estimated using pric-
es from 1980 to 2001. USDA-RMA (2002b)
reports APH price guarantees and CRC base
prices (futures price before planting) for 2002,
The base price is used for the CRC harvest
price for both crops because it is a commonly
used estimate of the harvest price at planting
time. The 2002 marketing loan rate (i.e., the
MLP guaranteed price floor) for this area was
$0.52/1b for cotton and $2.17/bu for sorghum
(USDA-FSA 2002b). Crop budgets report the
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Table 1. Parameter Values Used for Empirical Analysis®

Parameter Cotton Sorghum
Yield mean 677.5 lbs/acre 70.0 bu/facre
Yield standard deviation 252.5 Ibs/acre 18.8 bu/facre
Price mean $0.51/1bs $1.98/bu
Price standard deviation $0.10/1bs $0.42/bu
APH price guarantee $0.50/1bs $1.85/bu
CRC base price $0.42/1bs $2.18/bu
Marketing loan rate $0.52/1bs $2.17/u
Nitrogen price $0.20/1bs $0.20/1bs
Base nitrogen rate 75.0 lbs/acre 60.0 lbs/acre
Variable cost of production $316.40/acre $116.70/acre
Cotton Sorghum

Correlation Matrix Yield Price Yield Price
Cotton Yield 1

Price -0.30 1
Sorghum Yield 0.58 -0.21 1

Price -0.39 0.43 ~0.36 1

# Sources reported in text.

price of nitrogen, base nitrogen application
rates, and the variable costs of production for
both crops (Texas Cooperative Extension).
Following these budgets, cotton seed propor-
tionally increases cotton revenue by 12%.

USDA-NASS county average yield and
state price data from 1980 to 2001 were used
to estimate the price—yield correlation matrix,
Because county data normally have higher
correlation between price and yield than farm-
level data, own price—vield correlations were
reduced by one fourth to obtain values com-
parable to those reported by Coble, Heifner
and Zuniga. Imposing appropriate own and
cross price and yield correlations is necessary
because, for example, a negative own price—
yield correlation incorporates at the farm level
the moderating effects of market prices on
acreage allocations, while a positive crop yield
correlation prevents overestimation of the ben-
efit from crop diversity due to common yield
shocks.

Cotton has a larger yield coefficient of var-
iation than sorghum (37.3% versus 26.8%)
and a similar price coefficient of variation as
sorghum (21.2% versus 20.4%). As a result,
cotton is generally considered the riskier crop:
without any risk management programs, cot-

ton income has a larger mean and standard
deviation—$60.00/acre and $142.90/acre, re-
spectively, versus $29.30/acre and $40.60/acre
for sorghum.

Crop Production Function

Random crop yield has a beta distribution with
mean and variance that depend on the nitrogen
fertilizer rate. The beta distribution is com-
monly used for crop insurance analyses
(Goodwin and Ker review several examples).
The beta density function for yield y is

(y—AY B -)TEy+v)
(B — Ay T (y)

©® by =

A is the minimum, B is the maximum, v and
~v are shape parameters, and I'(-) is the gamma
function (Evans, Hastings, and Peacock). Fol-
lowing Mitchell, Gray, and Steffey, we deter-
mine the conditional beta density for crop
yields by first specifying the mean and vari-
ance of yield as functions of the fertilizer rate,
and then deriving the implied functions for the
parameters v and .

When crop yield has a beta density, mean
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yield is p, = (B — A)v/(v + v) and the yield
variance is 02 = (B — AY2vy/[(v + vy} (v + v
+ 1)]. Solving these equations for v and v
gives:

(1, = AP(B = p,) = oXp, — A)

M v= TRy :
_ G4y — AB — ) — 03B — )
® v Y :

Using a conditional beta density for crop yield
requires specifying or estimating the mean p.,
and the variance o? as functions of the nitro-
gen fertilizer rate, and then substituting these
functions into Equations (7) and () to obtain
equations for v and v that depend on the fer-
tilizer rate.

Functions for the dependence of the mean
and variance of cotton yield on the nitrogen
application rate were estimated using unpub-
lished data from experiments conducted from
1999 to 2002 in San Patricio, Calhoun, and
Wharton counties in the Texas Coastal Bend
cotton growing region (McFarland). Nitrogen
fertilizer rates were experimentally varied
from 0 to 150 lbs/acre and cotton lint yields
measured for each plot for a total of 124 ob-
servations. A beta density with a minimum of
0 Ibsfacre and a maximum of 2000 Ibs/acre
was estimated for cotton yield using maximum
likelihcod. Polynomial terms in the fertilizer
rate were added successively for both the
mean and the variance until a likelihood ratio
test identified the best model. The final model
used quadratic equations for the mean () and
variance (o?) of cotton yield as a function of
the nitrogen rate (x.): p(x.) = 853 + 2.92x,
— 0.0111x? and o%(x,.) = 37,600 — 569x, +
6.72x2 (with respective standard errors 33.93,
1.134, 0.007854, 8,562, 305.7, and 2.411).
Most estimates were significant at the 1% lev-
el. Only the mean’s quadratic term was not
significant at the 10% level (its p value is
0.156), but is retained to ensure a concave pro-
duction function.

For the estimated model, the expected prof-
it-maximizing nitrogen application rate and as-
sociated mean and variance of yield did not
match those derived from crop budgets and
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observed county data as reported in Table 1.
Hence, estimated coefficients were calibrated
so that optimal risk neutral fertilizer rate and
the mean and variance of yield at this rate
would match the values in Table 1 from ob-
served data. To maintain the original shape,
we calibrated using an intercept shift /, to
move the mean vertically and a nitrogen rate
shift N, to move the mean horizontally, i.e.,
pix) = 853 — I, + 292(x, — N,) ~
0.0111(x, — N_)? Calibration for the variance
only used an intercept shift 7 to shift the var-
iance vertically. Identified values were I, =
364.1, N, = —38.9, and I, = —31,045, imply-
ing the following equations for the mean and
variance of cotton yields as a function of the
nitrogen application rate:

(9)  p. = 586 + 2.06x, — 001112,

(10y o2 = 68600 — 569x, + 6.72x2.

Similar experimental data were not avail-
able for sorghum, so published estimates from
Preckel, Loehman, and Kaylen were used. Af-
ter converting coefficients from the reported
pounds per acre to bushels per acres assuming
56 lbs/bu for sorghum, sorghum yield coeffi-
cients were calibrated just as for cotton. Iden-
tified values were I, = —18.7, N,, = 2.7, and
I, = —289, so that calibrated equations for the
mean () and variance (o2) of sorghum yield
as a function of the nitrogen rate (x,) are:

an
(12)

K, = 55.8 + 0.373x, — 0.00227x},

a2 = 363 — 1.29x, + 0.0271x2
— 0.000140x.

Crop rotation has a positive effect on crop
yields because of a variety of factors (Hague
and Overstreet; Matocha et al.). To capture this
effect, we assigned acres consecutively plant-
ed to the same crop a 5% lower mean yield.
Thus, if the farm modeled here plants 1,000
acres of cotton from the total of 1,700 avail-
able acres, 850 acres of cotton have a mean
yield determined as reported by Equation (9),
while the remaining 150 acres of cotton have
a 5% lower mean yield.
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Table 2. Optimal Farmer Choices without the Marketing Loan Program (MLP)

Moderately Risk Averse®

Highly Risk Averse*

Cotton Sorghum Cotton Sorghum

Government Program” Optimal Nitrogen Fertilizer Rate (Ibs/acre)

No program 65.4 58.8 64.9 58.6

APH only 71.2 58.5 65.5 533

CRC only 67.4 50.1 67.0 40.7

APH and CRCe 71.6 50.7 65.9 42.3
Government Program® Optimal Acreage Allocation (acre)

No program 589 1,111 349 850

APH only 850 850 782 850

CRC only 748 952 420 1,280

APH and CRC* 850 850 766 934
Government Program® Optimal Insurance Coverage Level (%)

No program —_— — _— —

APH only 75 CAT? 75 70

CRC only 60 70 60 75

APH and CRC* 75 70 75 75

s« Coefficients of absolute risk aversion are 4.0 X 10-6 and 7.0 X 10-% for moderately and highly risk averse, respectively.
b Abbreviations are Actual Production History (APH) yield insurance and Crop Revenue Coverage (CRC) revenue

insurance.

< APH for cotton and CRC for sorghum is optimal when both insurance programs are available.
4 CAT denotes catastrophic insurance with 55% price election and ne premium.

Model Implementation

The General Algebraic Modeling System
(GAMS) solved the mathematical program-
ming model uwsing the nonlinear program
(NLP) solver or the simple branch and bound
(SBB) solver to maximize the expected utility
of random profit with randomly drawn corre-
lated prices and yields determining realized
profit for each draw. The optimal fertilizer rate
is determined for each crop as an integer var-
iable for fertilizer rates in 0.1 lb/acre incre-
ments. Qutput was examined to ensure that the
optimal fertilizer rate was never on the bound-
ary. GAMS was linked to Excel using the
GDXXRW program distributed with GAMS
to draw correlated prices and yields with the
means and variances implied by the crop-spe-
cific fertilizer rates. GAMS sends the means
and variances of yields (as a function of the
fertilizer rate) and prices to Excel, which gen-
erates appropriately correlated yields and pric-
es using the method of Richardson and Con-
dra. This method begins by transforming a
matrix of uncorrelated uniform random vari-
ables using the square root of the correlation

matrix to generate appropriately correlated
uniform random variables. Next, Excel’s beta
or normal inverse cumulative distribution
function transforms these uniform random
variables into yields with a beta distribution or
prices with a lognormal distribution. Experi-
mentation indicated that 5,000 random draws
were needed for model results to stabilize,

Empirical Results and Discussion

Tables 2 and 3 report the optimal fertilizer ap-
plication rates, acreage allocations, and insur-
ance coverage levels when the current subsi-
dized insurance is available. Table 2 reports
results without the MLP, and Table 3 reports
results with the MLP Results are not reported
for the price election factor PEF because the
optimum in all cases is the maximum avail-
able—55% with catastrophic APH and 100%
for all other policies and coverage levels.
Table 2 shows that APH and CRC insur-
ance both have a positive effect on the optimal
nitrogen fertilizer rate for cotton and a nega-
tive effect for sorghum. Depending on the
farmer’s level of risk aversion, the optimal rate
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Table 3. Optimal Farmer Choices with the Marketing Loan Program (MLP)

Moderately Risk Averse*

Highly Risk Averse®

Cotton Sorghum Cotton Sorghum

Government Program® Optimal Nitrogen Fertilizer Rate (Ibs/acre)

MLP only 64.1 61.6 63.2 60.7

APH and MLP 70.3 61.5 63.0 57.1

CRC and MLP 67.3 55.9 65.5 50.2

APH+CRC+MLP* 67.5 56.2 63.0 55.2
Government Program® Optimal Acreage Allocation (acre)

MLP only 743 957 363 1,337

APH and MLP 850 850 850 850

CRC and MLP 850 850 513 1,187

APH+CRC+MLP* 1,143 557 8350 850
Government Program® Optimal Insurance Coverage Level (%)

MLP only — —_ — —

APH and MLP 75 CAT¢ 75 70

CRC and MLP 70 70 70 75

APH+CRC+MLP¢ 75 70 15 70

* Coefficients of absolute risk aversion are 4.0 X 10~ and 7.0 X 10~ for moderately and highly risk averse, respectively.
® Abbreviations are Actual Production History (APH) yield insurance, Crop Revenue Coverage (CRC) revenue insur-

ance, and Marketing Loan Program (MLP) price supports.

¢ APH for cotton and CRC for sorghum are optimal when both insurance programs are available.
4 CAT denotes catastrophic insurance with 55% price election and no premium.

for cotton increases up to 6 lbs/acre (9%) and
decreases at most 18 Ibs/acre (31%) for sor-
ghum. Crop insurance has a large effect on the
optimal acreage allocation. When both APH
and CRC are available, cotton acres increase
44% to 120%, with an appropriate decrease in
sorghum acres, and the optimal purchase is
APH for cotton and CRC for sorghum, with
optimal coverage levels the same as when
each policy is available alone,

Comparing Tables 2 and 3 indicates the ef-
fect of the MLP. With the MLP, optimal nitro-
gen rates decrease up to 4% for cotton and
increase up to 13% for sorghum, depending
on risk aversion, implying that the MLP and
crop insurance counteract each other, As a re-
sult, when both crop insurance and the MLP
are available, the net effect on fertilizer rates
is ambiguous, depending on which effect
dominates. Thus, when the MLP and both in-
surance policies are available, at a low level
of risk aversion, the optimal nitrogen rate for
cotton increases 3% relative to the no-program
case, but decreases 3% at a high level of risk
aversion. For sorghum, the optimal rate de-

creases 4% to 6% for sorghum at both levels
of risk aversion.

With the MLP, optimal cotton acres in-
crease up to 35% depending on the program
and farmer risk aversion, with an accompa-
nying decrease in sorghum acres. The only ex-
ception is the difference between the no-pro-
gram and the MLP-only cases for a highly
risk-averse farmer, for which optimal sorghum
acres increase about 62%. This case differs be-
cause for the no program case, it is optimal
for a highly risk-averse farmer not to plant all
available acres, but once the MLP is available,
it becomes optimal to plant all 1,700 acres,
with a net decrease in cotton acres. When the
MLP and both insurance policies are available,
optimal cotton acres increase around 94% to
144% relative to the no-program case. Lastly,
the MLP has no effect on insurance partici-
pation and only in a few instances does it
slightly affect optimal coverage levels.

This shift in the optimal acreage allocation
from sorghum to cotton matches NASS county
acreage data for San Patricio County, TX.
From 1997 to 1999, on average there were
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Table 4. Expected Net Indemnity ($/acre) for Cotton and Sorghum with Actual Production
History (APH) Yield Insurance and Crop Revenue Coverage (CRC) Revenue Insurance®

Coverage Level (%)

Crop Program® CAT 50 55 60 65 70 75 80 85
Cotton APH 3.03 1.59 2.44 3.76 4.10 4.90 3.25 -2.01 —13.25
Sorghum APH 032 -075 -079 -065 -0.86 -094 -1.386 — —
Cotton CRC —  —18% -224 -230 -376 -507 -929 -17.63 -32.59
Sorghum CRC — -102 -103 -074 -091 -075 -1l.68 — —

a Using a nitrogen application rate of 70 lbs/acre for cotton and 60 lbs/acre for sorghum.
b Abbreviations are Actnal Production History (APH) yield insurance and Crop Revenue Coverage (CRC) revenue

insurance.

about 1.5 times more sorghum acres than cot-
ton acres planted. However, in 2001 and 2002,
there were almost 1.5 times more cotton acres
than sorghum acres planted, after changes in
the crop insurance program were implemented
as a result of the passage of ARPA in 2000.

The results in Tables 2 and 3 also show that
as farmer risk aversion increases, the optimal
nitrogen rate decreases for all alternatives re-
gardless of the crop. This result occurs be-
cause nitrogen is used as a variance (risk) in-
creasing input in this study. In addition,
optimal cotton acreage decreases and optimal
sorghum acreage increases because cotton is
the riskier crop. For the range of risk-aversion
levels explored, the optimal insurance cover-
age level did not change for cotton, but in-
creased for sorghum. To understand this result,
Table 4 reports the expected net indemnity
(expected indemnity minus the premium) for
each case.

Table 4 shows that the optimal coverage
level is slightly higher than the coverage level
with the largest net indemmnity because the
added risk benefit that higher coverage pro-
vides exceeds the small decrease in the ex-
pected net indemnity. For sorghum APH and
CRC, and for cotton CRC, the net indemnities
are negative, i.e., premiums exceed expected
losses for this farmer. Table 4 shows why APH
is optimal for cotton and CRC for sorghum
when both policies are available. The APH net
indemnity is noticeably larger for cotton APH,
while for sorghum, the case is reversed. These
results are comsistent with the actual farmer
behavior in San Patricic County. In 2002,
98.6% of farmers in the county buying crop

insurance for cotton bought APH and 62.3%
of those buying crop insurance for sorghum
bought CRC (USDA-RMA 2002d).

The magnitude and direction of intensive
and extensive margin effects vary according
to the crops and regions as a result of differing
inputs and crops on the variability of income.
Qur positive effect of crop insurance on the
optimal nitrogen fertilizer rate for cotton and
the negative effect for sorghum are consistent
with the ambiguous results in the literature.
Horowitz and Lichtenberg, in their economet-
ric study, find that crop insurance increases
fertilizer use for corn in the Midwest. How-
ever, Smith and Goodwin, in their econometric
study of wheat farmers in Kansas, find that
crop insurance decreases fertilizer use, as do
Babcock and Hennessy in their simulation-
based analysis of corn in Iowa. Our results are
generally consistent with the results of Wu’s
econometric analysis of Nebraska corn—soy-
bean farmers because he finds that crop insur-
ance increases fertilizer use and acreage for
the riskier crop (corn). Similarly, Chavas and
Holt find that price supports similar to the cur-
rent MLP create moderate acreage increases in
the supported crop (corn) and that cross-com-
modity risk reductions are important to con-
sider, much as we find. Turvey focused only
on acreage effects and found that the Canadian
crop insurance program increases optimal
acreage devoted to riskier crops, just as we
find for the U.S. insurance program.

Table 5 reports farmer certainty equivalents
for the optimal choices reported in Tables 2
and 3. From the farmer’s perspective, having
all three federal risk management programs
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Table 5. Certainty Equivalent and Mean and Standard Deviation of Profit ($1,000s) with Optimal Farmer Choices

Highly Risk Averse®

Moderately Risk Averse®

Certainty
Equivalent

Certainty

Government
Program®

SD Profit

Mean Profit

SD Profit

Mean Profit

Equivalent

106.5 20.6 36.8 68.5
103.5

55.0

32,6

No Program
APH only

63.2

314

114.5
112.8
110.9
1324
120.8
1293

144.3

69.4

45.7

421 75.4

24.2

58.5

34.7

CRC only

68.1 33.0 62.2 99.8
107.4
117.4

108.5
129.3

46.0

APH and CRC*
MLP only

93.3
116.1

84.5

114.8

52.7

71.5

73.7

90.1

APH+MLP

92.1
115.1

87.8
114.8

59.8

76.5

CRC+MLP
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74.5

* Coefficients of absolute risk aversion are 4.0 X 10-% and 7.0 X 107 for moderately and highly risk averse, respectively.

91.7

APH+CRC+MLF*

* Abbreviations are Actual Production History (APH) yield insurance, Crop Revenue Coverage (CRC) revenue insurance, and Marketing Loan Program (MLP) price supports.

¢ APH for cotton and CRC for sorghum is optimal when both insurance programs are available.

available is preferred: APH + CRC + MLP
has the highest certainty equivalent regardless
of the risk-aversion level. Relative to the no-
program case, together these programs in-
crease the farmer’s certainty equivalent around
180% to 260% depending on the level of risk
aversion, with about two thirds of this increase
due to the MLP and about one third due to
crop insurance. The MLP has a larger effect
on farmer welfare because it is essentially free
price insurance that in this example used mar-
keting loan rates above mean prices. Though
farmers pay for crop insurance, the cotton
APH net indemnity is positive, so it also in-
creases income. Also, the optimal farmer re-
sponse for all scenarios examined is to change
fertilizer use and crop acreage to increase both
the mean and standard deviation of income,
implying that these risk management programs
encourage farmers to bear more risk.

Conclusion

To examine the effects of federal risk man-
agement programs on optimal nitrogen fertil-
izer use and land allocation to crops, we com-
bined the mathematical programming
optimization method of Lambert and McCarl
with Richardson and Condra’s method of gen-
erating multiple correlated random variables,
Several empirical studies have developed re-
lated models, but ours is the first to combine
both metheds to simultaneously analyze the
intensive and extensive margin effects of these
federal programs by endogenizing crop insur-
ance and program participation, insurance
coverage levels, and price election factors, as
well as the acreage allocation and input use.
To empirically illustrate the method, we de-
veloped a model of a typical cotton—sorghum
farm in San Patricio County, TX.

‘We find that overall, current crop insurance
and price support programs generally have a
small negative effect on optimal nitrogen fer-
tilizer rates and substantially increase optimal
cotton acreage, with a smaller negative effect
on sorghum acreage. These results depend on
the variance effects of nitrogen fertilizer and
cotton acreage in our model. Other intensive
and extensive margin responses would be op-
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timal for other specifications of the stochastic
revenue functions, but our results are generally
consistent with results from other empirical
studies.

Optimal participation in available federal
risk management programs includes using the
MLP for both crops and purchasing APH in-
surance for cotton and CRC for sorghum,
which are consistent with observed behavior
in the region. Optimal coverage levels are
70% or 75%, and the optimal price election
factor is the maximum available. The expected
net indemnity largely explains these optimal
insurance participation choices. Together,
these federal risk management programs in-
crease farmer certainty equivalents about
180% to 260%, of which about one third is
from crop insurance and two thirds from the
MLP. The MLP has a larger effect because it
is free to farmers.

The intensive and extensive margin effects
of these and other federal programs have en-
vironmental effects that are being increasingly
scrutinized because they can enhance or coun-
teract the goals of other programs (Goodwin
and Smith; Skees). Assuming that environ-
mental effects from these programs are posi-
tively related to nitrogen fertilizer use, both
types of risk management programs imply
negative environmental effects. The small in-
tensive margin effect that reduces optimal fer-
tilizer use will be dominated by the large ex-
tensive margin effect that both programs have
on cofton acreage, the more nitrogen-intensive
crop. The extensive margin effect of both
types of programs is sufficiently large that it
should probably be included in any compre-
hensive analysis of the environmental effects
of federal policies.

Several caveats apply to these results, Our
results concerning the intensive margin effect
depend on the crop production function. How-
ever, the effect of fertilizer on the variance of
crop yield and risk in general is debated (Bab-
cock and Hennessy, Goodwin and Smith, Ho-
rowitz and Lichtenberg). Our analysis does not
incorporate dynamic effects, nor does it fully
account for the extensive margin effect be-
cause total crop acreage is not endogenized, or
for effects from other risk management tools,
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such as futures and options (Coble, Heifner,
and Zuniga). In addition, our results depend
on the utility function used—other utility
functions would give different magnitudes and
possibly different directions for these effects
(e.g., see Hennessy). Lastly, our analysis of
the intensive margin effect might change if
multiple inputs were modeled (e.g., pesticides
separate from fertilizer), because inputs can be
stochastic substitutes or complements (Pope
and Kramer). Nevertheless, despite these and
other limits for our empirical analysis of the
intensive and extensive margin effects, we still
achieve our goal of illustrating this useful em-
pirical method of endogenizing several vari-
ables while maintaining correlations among
multiple random variables.

[Received July 2004; Accepted June 2005]
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