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The Uruguay Round of trade negotiations (1994) initiated agricultural trade

liberalization in the form of increased market access, lower export subsidies and limits on

trade-distorting domestic support (three pillars, see Burfisher, 2001; de Gorter, Ingco and

Ignacio, 2003; Gopinath, Mullen and Gulati, 2004). However, further trade liberalization

has stalled largely due to the wide gap between the positions of developed and

developing countries. While the two groups' views on export subsidies have converged

lately (e.g., 2004 Doha Work Program), those on tariff reduction and on the effects of

domestic support policies have remained subjects of debate. The success of the

December 2005 WTO Ministerial meeting at Hong Kong depends crucially on a better

understanding of the effects of domestic support policies of the developed world.

In this study, we seek to understand the effects of commodity policies on U.S.

corn, soybeans and wheat acreage decisions during 1990-2001. Commodity policies in

the early 1990s mostly comprised of target prices with deficiency payments, stockholding

and acreage idling (Gardner 2001; Orden, Paarlberg and Roe, 1999). The 1996 Federal

Agricultural Improvement and Reform (FAIR) act eliminated acreage idling and

stockpiling and replaced target prices with fixed payments. However, the loan

deficiency payment program initiated in the mid-i 980s is retained in the FAIR act.
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Our model is estimated using data on state-level acreage, prices, yield, costs and farm

equity for the period 1990-2001 for corn, wheat and soybeans. Together, the state, time

and commodity dimensions provide a sample of 360 observations (lOx 12x3=360). Loan

rates, target prices, PFC and MLA payment rates, acres and yield are also obtained for

each of the three dimensions. The major data sources include the Farm Service Agency,

Economic Research Service and National Statistical Service of the U.S. Department of

Agriculture.

Our results suggest the price floors during the 1990-2001 period have the

expected effects: increased the price expectation and reduced price variance. The effect

on variance is larger (in absolute value) than that on the mean. Price floors' effects on

mean and variance in the post-1996 period is lower than those in the pre-1996 period

without including the MLA payment rate. Corn, wheat and soybean acreage decisions

are significantly affected by own expected (truncated) profits per acre and truncated

variance of profits per acre. Changes in wealth of farm households excluding the PFC

payments have a positive effect on acreage decision. The impact of MLA payment plus

loan rates and of PFC payments plus wealth on acreage decisions both positively effect

acreage decisions.
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Commodity Policies and Acreage Decisions in U.S. Agriculture, 1990-2001

Chapter 1: Introduction

The Uruguay Round (1994) of world trade negotiations initiated agricultural trade

liberalization in the form of increased market access, lower export subsidies and limits on

trade-distorting domestic support (three pillars, see Burfisher, 2001; de Gorter, Ingco and

Ignacio, 2003). The resulting Uruguay Round Agreement on Agriculture (1.JRAA) is

applicable to all member countries of the World Trade Organization (WTO). According

to the URAA, support to agriculture is classified depending on its trade-distorting effects.

Three colored boxes are used to categorize government support to agriculture. Support

under Amber Box, which distort trade, are determined for each member and capped at

historic levels. A Blue Box containing production-limiting support is included,

especially for policies of the European Union. Green box payments, funded by tax-

payers, are considered non-trade distorting, and are not subject to any maximum level.

Included in the colored-box classification is the de minimis exemption, i.e., support

whose value does not exceed five (ten) percent of the total value of production for

developed (developing) countries.

The Uruguay Round stipulated that 34 member countries, including the United

States, decrease their Amber Box support, which is popularly referred to as the aggregate

measure of support (AMS). Countries not included in the agreement are supposed to

limit support to the five and ten percent de minirnis levels respectively, for developed and

developing countries. Moreover, a Peace Clause is instituted to protect countries using
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subsidies which comply with the URAA from being challenged under other WTO

agreements (e.g., Subsidies and Countervailing Measures Agreement).

The successful completion of the Uruguay Round led to the initiation of the Doha

Developmental Round (2001) in Doha, Qatar. However, progress or further trade

liberalization in the Doha Round has stalled largely due to the wide gap between the

positions of developed and developing countries on agricultural support. Recent

Ministerial Meetings of the WTO (e.g., Cancun, Mexico) have failed to resolve the

differences, especially in the context of domestic support. A group of developing

countries, referred to as the G-20, seeks to further reduce AIVIS by setting lower limits on

product-specific support, especially on the most heavily subsidized products in developed

countries. The United States and the European Union have countered with a proposal to

gradually phase out agricultural support with uniform support reduction across all

agricultural products. With many developed countries shifting support to the Green Box,

criteria for various boxes have become contentious issues. A recent WTO ruling in favor

of a complaint brought by Brazil against U.S. cotton policy has dampened the prospects

for the successful completion of the Doha Round in the upcoming WTO Ministerial

meeting at Hong Kong. While the two groups' views on export subsidies and tariff

reduction have converged lately (e.g., 2004 Doha Work Program), those on the effects of

domestic support policies have remained a subject of debate.

This study seeks to understand the production effects of U.S. commodity policy

changes from price support to a combination of price and income support during 1990-

2001. Commodity policiess in the early 1990s mostly included price support, e.g., target



prices with deficiency payments (Gardner 2001; Orden, Paarlberg and Roe, 1999). The

1996 Federal Agricultural Improvement and Reform (FAIR) act lowered price supports

from target price to loan rates, but compensated farmers with fixed payments.

The modeling framework has the farm household choosing crop acreages by

maximizing expected utility subject to a budget and total acreage constraint. The

expectation is over two random variables: yield and prices, where the latter follow a

multivarjate, normal distribution. The resulting optimal acreage decisions depend on

initial wealth of the farm household, expected profits per acre, and the second moments

of the distribution of expected profits (Chavas and Holt, 1990; Holt and Chavas, 2002).

Following previous studies, this study considers price floors, i.e., target prices or loan

rates, as censoring points in the multivariate, normal distribution of prices. Then, the

appropriate distributional assumption is a combination of a discrete distribution at the

price floor and a continuous distribution for all observations greater than the minimum

price: the censored, multivariate normal (Maddala, 1983; Chavas and Holt, 1990). The

mean and variance of a censored normal random variable are higher and lower

respectively, than the uncensored equivalents. The increase in the mean results from

replacing all sub-minimum prices with the minimum price. The decrease in variance

follows from the reduction in the range of observations. The computation of the

moments of censored and uncensored data (mean and variance) will identify the gap

attributable to price floor policies.

Since expected utility maximization depends on farmer's initial wealth, it can be

extended to analyze the impacts of fixed or income support payments, which are key

3
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components of the post-1996 commodity policies. Between 1996 and 2001, U.S. farmers

received fixed payments in the form of production flexibility contracts (PFC) and

emergency market loss assistance (MLA). The PFC payments are based on a farm's

acreage and yield history under government policies and not related to current

production. For WTO purposes, the PFC payments are reported in the green box since

they are considered as "decoupled" from market conditions, i.e., do not provide

production incentives (Rude, 2001; Orden, 2003; Burfisher and Hopkins, 2003; Mullen,

2001). The MLA payments are made in response to steep declines in commodity prices

during 1997-98. Due to partial decoupling, the MLA payments are reported in the de

minimis exemption (less than 5 percent of the total value of production). The effects of

these fully/partially decoupled payments, a key source of disagreement in the WTO

negotiations, have remained a significant modeling and measurement challenge. In the

expected utility framework the PFC payments are introduced as additions to wealth, thus

affecting acreage decisions. This study followed two alternative modeling strategies for

the MLA payments. In the first approach, MLA payments are treated in the same manner

as PFC payments (lump sum) and added to farmers' initial wealth. The alternative

strategy involved modeling the MLA payment rate as an addition to the loan rate, thus

increasing the censoring point (price floor) and further altering the distribution of prices

received by farmers (Goodwin and Mishra, 2004).

The model is estimated using data on state-level acreage, prices, yield, costs and

farm equity for the period 1990-2001 for corn, soybean and wheat. The commodity

choices depended on the availability of monthly prices by state and crop. Together, the



state, time and commodity dimensions provide a sample of 396 observations

(1 1x12x3=396). Loan rates, target prices, PFC and MLA payment rates, acres and yield

are also obtained for each of the three dimensions. The major data sources include the

Farm Service Agency, Economic Research Service and National Agricultural Statistical

Service of the U.S. Department of Agriculture.

Chapter 2 reviews the relevant literature, which is followed by Chapter 3, the

expected utility framework and its extensions to model price and income support. The

data used in this study are described in Chapter 4, which is followed by discussion of

results (Chapter 5) and summary and conclusions (Chapter 6).

5



Chapter 2: Literature Review

Historically, the objectives of U.S. agricultural policies in agriculture have been to

ensure a reliable domestic food supply and to provide stability to farm incomes. Policies

take many different forms, including those which aim to protect farmers from events

outside of their control. Price supports, i.e., guaranteed minimal prices to farmers, have

been a major policy instrument, accounting for two-thirds of government expenditures in

the agricultural sector in the last few decades. Other government policies include

research and development, subsidized crop insurance, input subsidies and income

support, which go beyond providing price and production stability to producers. In some

cases, domestic producers are supported by import barriers and through marketing efforts

cooperatives. In addition, the impacts of agricultural practices on the environment have

been addressed through government policies in the U.S, i.e. the Conservation Reserve

Program (CRP).

Agricultural markets are competitive in nature, where the farmer is often a price

taker. Thus, the impact of price support on farmers' production decisions has been the

core of a large academic literature. More specifically, the establishment of price floors

and its impact on farmers' price risk and risk preferences have received considerable

attention from economists at universities, government and nonprofit/international

agencies. In the following, three major streams of literature are reviewed: the price-

support policy literature, the theoretical efforts to model risk and uncertainty in

production decisions, i.e., the expected utility theory, and empirical applications of

6



expected utility models. The review chapter concludes with recent changes to farm

policy instruments and the emerging need for a better understanding of policy effects.

2.1. Agricultural Price Support

As noted earlier, a major goal of U.S. agricultural policies is to stabilize farm

incomes through direct interventions in agricultural markets in the form of price supports

with or without public storage (Just 1974; Rausser, 1992; Blue and Tweeten, 1997;

Gardner 2001). This section focuses on policies which provide price support to farmers.

In general, price supports are provided in the form of loan rates or target prices to

farmers. Decisions on the level and rate of change for price supports are made by the

Secretary of Agriculture, with input from U.S. Congress. The Commodity Credit

Corporation (CCC) administers price supports, wherein the difference between farm gate

price and loan rate/target price, whenever the former is lower than latter, is paid to

farmers. The payment has been subject to set-aside, conservation and production

requirements. In a deterministic setting, the impact of price support is straight forward.

An upward movement along the supply curve brings about higher production. Since

government guarantees that price, markets often clear the higher production at lower

prices in a static setting. Unlike target prices, loan rates allow farmers to obtains loans

using farm commodity as collateral. Farmers have the right to forfeit these loans with

minimal penalties.

Recognizing that the deterministic setting does not fully capture the effects of

price support, Just (1973) called for "better quantitative knowledge of how farmers

7
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respond to changing risk in adjusting input and production decisions." Later, Antle

(1983) also questioned the applicability of static and deterministic models, when

production is a "risky and dynamic phenomenon." Thus, emerged a literature which

focused on price and yield risk in agricultural production (Just and Pope, 1979; Chavas

and Holt, 1982, 1990; Leathers and Quiggin, 1991). Models based on price risk assumed

that farmers have expectations over random price and risk, and suggested the need to

include expected price and its variability in production (input or output) decisions. In

modeling price risk, many authors found that farmers' expectations over price are

truncated or censored in the presence of price supports. Effectively, farmers do not

observe prices below support levels and price supports alter the probability distribution of

prices. The foundations of the expected utility theory and its empirical applications are

reviewed in the next two-subsections.

2.2. Expected Utility Theory under Risk

Price and yield risk are prevalent in agriculture, requiring a framework that

accounts for risk and uncertainty in economic decisions. Sandmo (1971) was one of the

first to develop the expected utility theory under risk. Recognizing that maximizing

profits as an objective precludes any risk averse behavior on the part of the firm, he

observed "so many elementary facts of economic life seem to indicate a prevalence of

risk aversion." Instead of profit maximization, Sandmo (1971) proposed a model which

maximized the expected utility of profit, where the competitive firm is a price taker

facing random prices with a subjective probability distribution. The definition of risk and



uncertainty has played an important role in the further development of the expected

utility framework. Some of the work by Doll and Orazem (1984) or Hirshleifer and Riley

(1979) make the classic distinction between risk and uncertainty, originally offered by

Knight (1921). The key difference between risk and uncertainty is the amount of

information regarding possible outcomes available to the economic agent. Uncertainty

describes a situation where an agent has insufficient information about outcomes, but an

agent who knows all potential Outcomes faces risk. Doll and Orazem (1984) call this

outcome a 'state of nature' which can be considered discrete. If all states of nature are

known, then an agent can factor their expectation about the likelihood of each state of

nature occurring into their decision process. The likelihoods or probabilities have a

distribution which Hardaker (1997), and Doll and Orazem (1984) called a subjective

probability distribution. It is important to note that all events within an agent's subjective

probability distribution sum to one, so any unanticipated event would have a probability

of zero and would fall under Knight's (1921) definition of uncertainty. Also, in the

context of agriculture, each farmer will experience different degrees of yield and price

variability depending on when they produce and/or sell their crop. Each farmer will thus,

form their own subjective probability distribution about prices and yields.

The concept of a subjective probability distribution helps evaluate decisions under

risk. Assuming farmers seek to maximize utility, which is a function of profit, random

yield and variable market prices directly impact the farmer's planting decision. Doll and

Orazem (1984), and Hirshleifer and Riley (1979) present the von Neumann-Morgenstern

utility function and describe the basic axioms required for the utility function to exist.



10

Halter and Dean (1971) also provide strong theoretical background on expected utility.

The utility function can take three basic shapes: linear and increasing, increasing and

concave to the origin, and increasing and convex. The shape of an agent's utility function

reflects their preferences in relation to risk. The marginal utility of profit must be positive

which reflects the non-satiation axiom, which says an agent will always receive more

utility from one additional unit of profit. The second derivative of utility with respect to

profit reflects the shape of the utility function.

When the shapes of an individual's utility function under certainty and risk are

compared, the difference is that under risk, the agent makes productions decisions using

their subjective probability distribution. If the utility gained from the expected value of

profit (subject to that distribution) equals the utility from a guaranteed level of profit,

then the individual is indifferent between risk and certainty, or is risk neutral. However, if

greater utility is received from profit under certainty, than that from the expected value,

the individual is risk averse. The risk averse person has decreasing marginal utility up to

the point where there is no risk, and the slope of marginal utility is negative. The risk

neutral person receives constant marginal utility because the utility function is linear,

reflecting the indifference between a range of outcomes and a certain outcome. If an

individual's utility function is convex to the origin he or she is what Doll and Orazem

(1984) call a risk-preferrer. The slope of the marginal utility function for a risk preferrer

is positive reflecting increasing utility for each additional unit of profit. The risk-preferrer

receives less utility from his expected value of profit than utility under certainty. The
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example Hirshleifer and Riley (1979) use for a risk-preferrer is someone who would not

be indifferent to take a gamble under less than fair odds.

Returning to Sandmo (1971), a competitive firm in a deterministic setting will

choose output where marginal cost equals price, but it will produce less output under risk

because marginal cost can be less than expected price. Furthermore, an increase in risk

characterized by a multiplicative and additive shift in the price distribution leads to a

decrease in optimal output. Sandmo originally proved this for a special case, where price

actually equals the mean of the distribution, but Ishi (1977) later generalized the risk

effect on output.

In terms of measurement, the Arrow-Pratt coefficient of absolute risk aversion

allows for comparison between two agents with different preferences. It is given by the

ratio of the second and first derivatives of the utility function with respect to profit. The

Arrow-Pratt measure is invariant to linear transformations of the utility function

(Hardaker et al, 1997) and takes on positive values if an agent is risk averse. Sandmo

(1971) assumed that risk aversion was decreasing in profit, while Hardaker referred to it

as decreasing risk aversion. Under decreasing absolute risk aversion Sandmo (1971)

shows that optimal production decreases (increases) in response to an increase in fixed

cost (price). In terms of policy implications, Sandmo (1971) noted: "This question may

perhaps best be judged by considering whether a lump sum tax or a lump sum subsidy

would be the most appropriate pOlicy measure for making the firm increase its output".

Pope, Chavas, and Just (1983) built upon Sandmo's expected utility theory. They

first deemed decreasing absolute risk aversion (DARA) a "stylized fact" because a
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reduction in output, in response to a price increase, is possible under increasing absolute

risk aversion. They extended the expected utility theory to include wealth and higher

moments of expected price.

2.3. Acreage Response Functions

As shown in the previous section, the expected utility theory provides a

framework to analyze policies which affect risk. The application of the expected utility

framework to agricultural production decisions has analyzed farmers' risk preferences

and production response to changes in risk. A common approach here is to use acreage

allocation or response equations, which are solutions to the problem of expected utility

maximization by farmers. A variety of acreage response models have been estimated

empirically, with data ranging from county, regional and U.S. measures. While micro

data offers some unique insights, Pope and Just (1991) argue for the use of aggregate

measures for policy analysis because, "firm-level analysis suffers from less aggregation

bias and filters and controls extraneous factors more directly." Wu and Adams (2001)

also found aggregate measures to more accurately predict acreage response.

Estimating acreage response requires a formulation of expected price or profit at

planting because market price at harvest is unknown. Several methods have been used in

the literature, most dealing with some combination of historical or lagged cash prices,

futures prices, and government policy rates. Choi and Heimberger (1993) used futures

prices for soybeans as a measure of expected price, and found little evidence to support

claims of endogeneity bias by including expected price as a determinant of acreage
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response. Parrott and McIntosh (1996) calculated expected price as a combination of

lagged cash price and government support price, but found evidence that farmer price

expectations should be modeled dynamically. Incorporating government policies into

expected price and profit can be as straightforward as replacing all prices below a price

floor with the price floor (Goodwin and Mishra, 2004). However, Duffy, Shalishari, and

Kinnucan (1993), and Chavas and Holt (1990) use truncated normal distributions to

calculate expected prices, based On Maddala (1983).

Gallagher (1978) found U.S. corn acreage response to government price support

to be asymmetrical depending on whether market prices were low or high. Gallagher's

derivation of expected price included the support price as a price floor, so when market

conditions were weak, corn acreage response was dominated by the price support

mechanism. Chavas and Holt (1990) also found support price to be less effective when

market prices were high. Parrott and McIntosh (1996) found market prices to affect

acreage more during years where government policies were not prevalent.

Lee and Heimberger (1985) studied corn and soybean acreage response models

via an expected profit function model. Acreage response functions were separated by

farm policies or "free markets" and estimated across four states: Illinois, Iridiana, Iowa,

and Ohio. Years which had no government policies were included in the "free market"

model. While unable to capture risk effects, Lee and Heimberger, found corn acreage to

be more own-price sensitive to farm policies, while soybeans were more cross-price

sensitive. Chavas and Holt (1990) similarly found government support plays a major role
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in corn acreage response, and soybean response to be more responsive to risk, as

soybeans have had less government support.

The latter half of the 1990s saw direct payments to farmers exceed $20 billion

(ERS, USDA) through a combination of price and income support. Whether those

changes were dictated by international agreements to reduce farm support or shifting

opinion within the agricultural communities, risk remains a critical element in

agricultural markets. As Goodwin (2001) notes, "The timing of market assistance is often

used to distinguish a safety net from what one would consider to be a conventional farm

payment. Payments made to farmers in response to low harvest time prices are sometimes

considered to be non-distorting since farmers could not count on such payments at the

time production decisions were made" (Goodwin, 2001). Few attempts have been made

to understand the production effects of changing policy structure from mostly price

support to one with price and income support (Goodwin and Mishra, 2004).

Lin et aL (2000) and Lin (2001) modeled acreage response based on maximizing

net returns under the 1996 Federal Agricultural Improvement and Reform, FAIR, Act.

Own price and cross-price elasticities were estimated without government support. Both

approaches focused on regional Normal Flex Acreage (NFA) from 199 1-1995. Under the

Acreage Reduction Program (ARP), NFA was not eligible for any deficiency payments

(the 1996 FAIR Act eliminated ARP). Lin et al. (2001) estimate price elasticities as a

combination of NFA response to a one percent increase in market price, and the expected

increase in eligible commodities acreage due to the elimination of ARP.
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Adams et al.(2001) attempted to model acreage response to government payments

under the FAIR Act from 1997 to 2001. Instead of focusing on specific commodities,

Adams et al. (2001) chose to aggregate all eligible crop land within states. The 11 states

selected accounted for a majority of U.S. production. Several explanatory variables were

used to account for FAIR Act policies. The only variable which was identified as

statistically significant was a combination of gross market returns, loans, direct payments

and emergency payments authorized by FAIR. The authors conclude that "due to

frequent changes in farm policy, producers may rationally conclude that there is a

nonzero probability that future payments may depend on current production decisions."

2.4. Recent Policy Developments

Modeling acreage response can provide some evidence of the extent to which

production will increase due to government policies. In addition to estimates of

magnitude, further analysis regarding the farmer's attitudes towards risk under

government policies is needed. As agricultural policy evolves to minimize production

response, farmer's attitude towards risk may evolve also. Policies which impact

production directly are known as coupled policies or coupled support. Production

subsidies or price floors are two basic examples of coupled support (Goodwin and Mishra

2004; Hennessy, 1998) . Governments in developed countries like the U.S. and EU have

moved away from coupled support and towards decoupled support which, at least

theoretically, has no production response. For instance, the fixed payments based on

historical acreage in the United States and European Union are often referred to as



16

income or decoupled support. Farmer's attitudes towards risk in this context becomes a

question of whether higher incomes, less variability in incomes, or both affect production

response.

The 1996 FAIR Act and the 2002 Fat in Security and Rural Investment, FSRI, Act

(farm bills) created opportunities to analyze the effects of decoupled payments akin to the

wealth transfers explored by Chavas and Holt (1990). Even if production response is

reduced through decoupling, if the farmer receives additional wealth, he or she may be

willing to accept more risk in their next planting decision. Hennessy (2001) separates the

benefits of commodity policies into three effects: wealth effects, insurance effects, and

coupled effects. Wealth effects increase income, insurance effects reduce variability in

income, and coupled effects increase production. The production flexibility (PFC)

payments authorized by FAIR are treated as decoupled since they are based on historical

and not current production. However, Hennessy (2001) finds evidence in simulations that

direct payments, like PFC payments, are not actually decoupled because wealth and

insurance effects are significant and positive.

In addition to PFC payments, emergency (Market Loss Assistance) payments

were authorized in 1998 following a steep decline in global commodity prices. Goodwin

and Mishra (2004) find these payments to have greater distortions on production. While

the 1996 Act aimed to eliminate all government support by 2002, the 2002 Farm Bill has

changed the course of U.S. agricultural policy. The 2002 Farm Bill allowed farmers to

update their historical base acreage from that declared in 1996 under FAIR. As Goodwin

and Mishra (2004) note, "To the extent that farmers expect that current production will be
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an important determinant of future policy benefits, their production decisions may be

altered by policy, even when such policy is administered through fixed payments."

The combination of coupled and decoupled support formally authorized in 2002,

the expansion of eligible crops, and the opportunity to update base acreage likely

contribute to potential production response. Coupled support in the form of loan rates has

the largest potential to increase production in the U.S. (Westcott, 2003). However, the

impact of decoupled support on production response is not easily decomposed (Goodwin

and Mishra, 2004). The wealth and insurance effects Hennessy (2001) refers to in the

context of decoupled payments after FAIR, need to be examined across both coupled and

decoupled payments, as that is the current model of policy after 2002. Since U.S. farmers

have exhibited DARA preferences, their willingness to accept more risk has not received

much attention in the context of price and income support. The multilateral trade

negotiations have stalled over the past 5 years largely due to disagreement on the

classification and production effects of domestic support such as decoupled payments.

Many developing countries remain skeptical of the minimal production effect hypothesis

in the case of income/decoupled support, which has been included in the green box by

many developed countries. An understanding of the changes in agricultural policy with

increased emphasis on decoupling and of the production effects of these changes is

important from domestic and international markets' viewpoint.



Chapter 3: Methodology and Model

This chapter describes the methodology used to evaluate production effects of

U.S. commodity policy for corn, soybeans, and wheat from 1990 to 2001. Expected

utility theory under risk is used to derive an acreage response model, which includes the

mean and variance of expected prices (first and second moments) as in Chavas and Pope

(1985). Agricultural price support is modeled as price censoring or truncation similar to

that in Chavas and Holt (1990) and Duffy, Shalishari and Kinnucan (1993). Tn addition,

expected utility theory provides a framework to analyze the impact of income

support/decoupled payments (Goodwin and Mishra, 2004; Chavas, 2001; Lin, 2001; Lin

et al., 2000; Hennessy, 1998).

3.1. Expected Utility Framework

The objective of the farmer is to maximize expected utility subject to income and

acreage constraints. As described in the previous chapters, price and yield risk play an

important role in a farmer's production decision. The farmer's expectation about the

realization of price and yield leads to an expected utility framework. The farmer's

expected utility, EU(.), is a function of a consumption bundle, G, where:

(1)
3U

i.e., EU(.) exhibits a positive relationship between the consumption bundle and utility.

18



(2.3)
j1

(2.4) I±pY(A1c1A =qG,

where A represents planted acreage of each crop i =1,2,..., n, while p. represents

market price of ith crop per bushel, is crop i's yield per acre, and c1 is crop-specific

variable cost per acre. For A, = (A1, , At), the acreage constraint can be represented by

A, = A, where A is given total acreage. Alternatively, the acreage constraint can be

written as f (A1, , A) = 0. By substituting the income constraint for the consumption

19

However, the farmer's choice of consumption bundle is limited by her/his income and

acreage constraints. If we assume a farmer allocates total income to consumption then

we can characterize the income or budget constraint as follows:

(2.1)
I+RC =G,

q

where I represents initial wealth or equity, R represents total revenue received from all

farm operations, C is total variable cost from farming operations, and all three are

normalized by the price of G, q. Farm profit, ,r = R - C, depends on market prices,

yields, and the amount of planted acreage. Revenue, R, and cost, C, are given by:

(2.2) p1Y1A



bundle, we can write the farm's expected utility maximization problem subject to the

acreage constraint as:

7 n(
(3.1) maxEU(G)=max EU -+ -

A,G A q 1q

Initial wealth, w = (I/q), and input costs, c, are assumed to be known to the farmer prior

to planting, but the farmer does not know output price and yield. Simplifying notation

yields:

( fl

(3.2) max EU
A ' i=1

First and second order conditions for the fanner's expected utility maximization problem

are represented by:

(4.1)
aEJ) -

(4.2) '') _E{U(w+,r1A1)(,ij)2}=O,

The solution to the expected utility problem under risk is a set of acreage functions,

which depend on the expected value of farm profit, = (ii,, 2
based on the

farmer's 'subjective probability distribution':

(5) = E{(p1 /q)Y - (c /q)}

As the form of the utility function is unknown, we can not derive the analytical solution,

i.e., A, but we know that it is a function of initial wealth, expected profit and higher

moments of output price, p1 as follows:

q1
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The variance of expected price is then:

21

(6) (w,.,a2)

The acreage decision A is homogenous of degree zero in (w, p , c , q). Since this is a

multi-output setting, the matrix of Hicksian or compensated acreage coefficients with

respect to profit is symmetric across crops and positive semi-definite. This is an

important restriction when considering risk preferences, because if wealth effects are not

significant then the farmer exhibits constant absolute risk aversion (Just and Pope, 1979;

Chavas and Holt, 1990).

3.2. Expected Prices and Profits

The farmer's 'subjective probability distribution' about market price is crucial to

the optimal acreage decisions under risk. For the model here, it is assumes the prices of

the three commodities, corn soybeans and wheat, follow a multivariate normal

distribution. In this study, the farmer can plant corn, wheat, or soybeans, and must make

the decision prior to knowing what market prices will be at harvest. To account for the

time between planting and market, assume farmers have adaptive expectations of the

form (Chavas and Holt, 1990):

/
a1 = E p1 P.

q, q1

(
E,1 pit = a +

q q1



(7.2) Var
(

piT

. q
= (O

/
pi,tj
qi,t-j

=oT
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where w represents weights for the three prior periods, which are .5, .33, and .17 as in

Chavas and Holt (1990). Note that the squared deviations are the actual price minus the

expectation of that price from the prior period. We use the superscript U to identify

expected, untruncated prices and variance.

For the period of interest, 1990 to 2001, growers of corn, wheat and soybeans

were eligible for target price or loan rates, depending on pre- and post-FAIR Act (1996)

periods. These payments were capped at $75,000 per entity from 1990 until 2000 when

they were raised to $150,000. These target prices or loan rates are considered here as

either censoring or truncated points in the multivariate probability distribution of prices.

According to Maddala (1983), the difference between truncated and censored

distributions is whether the observation of a random variable below the point of

truncation should be included in the expectation operator. Censored distributions include

all observations, while truncated distributions do not. Consider the following censoring:

(8)
fpU<HH1
tEi>1.j

where represents the censored random variable and H is the censoring point. So all

uncensored prices less than H1 are replaced with the censoring point. The distribution of

the censored random variable is therefore a combination of a discrete and a continuous

distribution. All observations below the censoring point take on its finite value H. We

assume prior to censoring, that price follows a normal distribution consistent with the
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policy literature. With that assumption, we can transform our censored observations of

price and H into standard normal random variables e. and h as follows:

(9.1) e, =(p')/cr',
(9.2) h. = (H, u

)/

From Maddala, the expected value of a truncated random variable equals

E(XT )= Ø(X )/1_(xT), but with the censored standard normal e1, one must account for

both discrete and continuous portions of the distribution. The expectation of e, E(e1) is

given by:

(9.3) E(e)= JØ(p)dp + Jp(p)dp,

(9.4) E(e1)= h1T(h1)+Ø(h) where I(h)= Pr(p he).

The second integral in equation (9.3) would be a truncated random variable except the

integral covers the range from h to oo, so when the expected value is multiplied by

1 t(h), and the expression simplifies to equation (9.4). The second moment of e1 is:

(9.5) = E(e ) =1 - (h ) + hØ(h ) +

In the multi-output setting, the covariance of e1 and e, E(e1 , e) is relevant:

M = E(ee )= F (h1, h )p

+ [(1_p)/242Ø(z
)

(9.6)
+ hØ(h1 (k )+ h1q5(h )cI(k1)

+hh14(h,h),



where,

(9.6.1) F(h1,h1)=prob(X1 H1,XJ H)

(9.6.2) 2/(22)h/2

(9.6.3) Z ={(h2 2phh1 +hfl/(1_p)}112

(9.6.4) k =(h ph1)/(1_p)"2

(9.6.5) 4(h,,h)=prob(X1 <H,,X1 <H3)

Given the moments of e,, the relationship between censored and uncensored

prices and variance is given by:

(10.1)

(10.2) Var(p,')= E(p,c jC)2 _'(M _2)

(10.3) COV(p,pE(p1 _cc _c)(2U2U/2(M -).
With E(ej, M1, and M and the uncensored prices and variances in equations

(7.1) and (7.2), we can compute the effect of price censoring due to target prices and/or

loan rates. Price censoring increases the expected mean of prices, while decreasing

variance. The amount of change depends on the federally approved target price or loan

rate (censoring point) and market prices. The connection to market prices leaves little

doubt regarding the coupled nature of price support.
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3.3. Risk Preferences

The Arrow-Pratt coefficient of absolute risk aversion, ic= _(2U/w2 )/aU/aw is

given by the second and first derivatives of the utility function with respect to wealth. In

the acreage response model, Chavas and Holt suggest testing for constant relative

(CRRA) and partial relative risk aversion (CPRRA) , as follows:

I i

D1w+IcjAj K
i=1 )

7,1
(11.2) K

_=1 ,)

Under (11.1), if scaling up initial wealth does not alter the first-order conditions and

thus A, then CRRA preferences hold. For (11.2) after scaling up total profit, if

A remains unchanged, then the farmer exhibits CPRRA. Notice for initial wealth and

total profit, scaling up either requires a scaling of price, p1.. Pope and Just (1983) show

that all moments of price must be scaled up as well.

While helpful to know the degree of risk aversion, assuming the farmer's utility

function is concave to the origin, the direction of a marginal change in acreage provides

insight into the farmer's behavior under risk. Sandmo and others have shown if

>0 this indicates DARA. As opposed to constant absolute risk aversion (CARA)

where acreage response to a marginal increase in profit would be zero, DARA reveals a

willingness to accept more risk if profit increases. Under CARA, the expected value of

profit, subject to the farmer's subjective probability, will not change in response to a

realization of subsequently higher profit. If DARA preferences are found that would
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imply as profits increase, farmer's will accept more risk in future decisions because they

would adjust their expected value upwards. Additionally, we know that the form of the

optimal acreage decision does not depend solely on profit, but also on wealth and

variance. If aA/Jw > 0 or A/aci2 <0, these also indicate decreasing absolute risk

aversion. An increase in acreage due to an increase in wealth follows profit. The

relationship between variance of price and the farmer's subjective probability distribution

is straightforward. A reduction in variance can be interpreted as a decrease in price risk

and acreage would increase if risk preferences are not constant.

3.4. Compensated and Uncompensated Acreage Elasticities

The solution to the expected utility problem implies symmetry restrictions on

acreage coefficients across commodities. For corn, soybeans, and wheat, this 3x3 matrix

is positive semi-definite. With duality we know whether minimizing expenditures subject

to a given level of utility or maximizing utility subject to a budget constraint, at the base

point, the optimal levels of acreage are equal. If we know the expenditure function,

U ), and find its derivative with respect to profit, by Shepherd's Lemma, the result

is Hicksian demand, or in our case compensated acreage. This well known result applied

to the expected utility context, allows us to evaluate the substitution and wealth effects

for an increase in profit using Slutzky' s decomposition.

(12.1) at an'
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An important result from this decomposition is the ability to evaluate the potential

increase in acreage in response to an increase in profit holding wealth constant. In matrix

form, the Slutzky decomposition (A=B-C) appears as:

(12.1.1) A B C

3.5. Decoupled/Income Support and Empirical Framework

The 1996 U.S. farm bill (FAIR act) established fixed payments, while eliminating

target prices, stockpiling and acreage set-aside except for conservation purposes.

However, loan rates (price floors) supported by deficiency payments have been retained.

The fixed payments or production flexibility contracts (PFC) applied to corn, wheat,

cotton, rice and a few other coarse grains and depended on a farm's history of acreage

and yield under government policies (mid-1980s). Since PFCs are not tied to current

production, they are considered as decoupled from market conditions. A review of the

decoupling concept and its importance in WTO negotiations can be found in de Goiter

(1999), Rude (2000), and Burfisher and Hopkins (2003). Following steep declines in

global commodity prices in 1997-98, the U.S. Congress authorized additional payments,

market loss assistance (MLA), to compensate farmers. The MLA payment is set equal to

50 percent and 100 percent of the PFC payment in 1998 and 1999-2000, respectively.
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Incorporating the effects of price support into the farmer's planting decision

through censoring and estimating acreage response will help identify the impact of

coupled support. Decoupled support is included in the farmer's acreage decision as an

addition to wealth. That is, PFC payments are not related to current production or subject

to variation in market prices, but are considered as direct additions to farm wealth. So,

any positive wealth effect on the acreage decision will reveal the extent to which income

support is actually decoupled. Emergency payments, while not tied to current

production, were triggered by declines in market prices. If these payments are partially

decoupled, the question arises On how to include them in the farmer's acreage decision.

This study addresses that question by modeling acreage response twice, including

emergency payments as either income or price support.

Modeling PFC and MLA payments as additions to wealth results in the following

empirical acreage equation:

kL =a+2Z11 +7
(13.1) i=j ji

--ii1(CRP)+v (T)+a4(D>1996 l ( Diowa ) +

where

I
(13.1.1) = w1 + PFC1>1996 + MLI4>!998 +

I

The acreage equation is initially specified in linear form, but the Results chapter provides

details on alternative specifications and statistical tests to choose a functional form.

However, modeling PFC payments alone as additions to wealth, while MLA payment

rate serves as an addition to censoring yields the alternative acreage equation:
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kM = + jt +,jaj +8+Od
(13.2) i=j ji

+i (CRP)+v (T)+a (Di>i99o)+Z5j(Diowa)+Uit

where

(
(13.2.1) i= w11 +PFC1>1996

I

The key difference between the two equations, A (M 2) and

A (i 'cMLA oML4), is the calculation of profit per acre and variance, and wealth. In

equation (13.1.1), MLA payments are considered income payments and do not affect the

calculation of profit and variance. However in equation (13.2), MLA payments increase

the censoring point and thus, affect expected profit per acre and variance, and a, and

wealth indirectly through profits.

The data to be used in this study are detailed in the next chapter. Note that the

empirical model includes conditioning variables such as (lagged) total CRP acres by state

since farmers have the option of setting aside acreage under the Conservation Reserve

Program. A trend variable and a dummy variable for the post-FAIR years are included.

Additionally, a dummy variable for Iowa is included because it produces an insignificant

amount of wheat, and Illinois wheat prices had to be used as a proxy for the Iowa price.



Chapter 4: Data Description

This chapter describes the data used for analyzing production effects in response

to pre and post-FAIR Act policies. Previous analyses of acreage response under U.S.

government policies used aggregate U.S. data for acreage and prices. Instead of U.S.

data, we focus on state-level data, including price measures by month. State-level data

and prices by month have some advantages. With only 12 years in our sample, the

inclusion of states increases the number of observations. While acreage decisions are

made once a year, marketing occurs throughout the year, as farmers' profit expectations

change periodically. Monthly observations of price allow us to model expectations and

analyze effects of support policies. Table 4.1 provides descriptive statistics by state,

averaged over 1990 to 2001.

Iowa and illinois were the top producing states of corn and soybeans over 1990 to

2001. Of the states included in this analysis, Michigan and North Dakota ranked at the

bottom in planted acreage to corn and soybeans. North Dakota ranks at or near the bottom

in terms of farm-gate price and yield for those commodities. However, North Dakota was

the second leading producer of wheat, following Kansas, during the sample period. While

not necessarily true for prolific average yields, Kansas and North Dakota received some

of the highest farm-gate prices for wheat because they produce durum which is a

premium wheat variety. Average government expenditures by state are included in Table

4.1. These are total government payments from 1990-2001 which included polices from

before and after the 1996 FAIR Act. They are not limited to the commodities of interest
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here, but cover all government policies including the Dairy Program, Conservation

Reserve Program payments, and Acreage Reduction Program payments (eliminated in

1996). Iowa and Illinois were on average the largest recipients of government

expenditures over the 12 years while Michigan received the least.

4.1. Planted Acreage

Figure 4.1 shows U.S. planting trends of corn, soybeans, and wheat. Corn planting

increased slightly over 6 percent from 1990 to 2001, but soybeans and wheat exhibited

opposite trends. Soybean plantings increased nearly 28 percent and wheat plantings fell

more than 21 percent. Almost 20 percent of the reduction in wheat acreage has occurred

since 1996.

Figure 4.1. U.s Planted Acreage by Commodity, 1990-2001
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Table 4.1. Descriptive Statistics, 1990-2001 Averages by State

Source: Various Agencies of the U.S. Department of Agriculture.
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Corn Soy Wheat

Govt

Planted Yield Price Planted Yield Price Planted Yield Price Expenditures

Acres (000) B u/Ac $IBu $(000)

Iowa 12400 133.8 $2.21 9542 43.5 $5.58 50 40,8 $2.87 $1,127,924

Illinois 10925 135.9 $2.36 9896 42.1 $5.77 1353 50.7 $2.89 $883,589

Indiana 5754 131.1 $2.35 5063 42.8 $5.70 713 55.6 $2.90 $426,002

Kansas 2500 136.0 $2.34 2317 29.8 $5.57 11283 37.8 $3.11 $788,754

Michigan 2421 112.8 $2.25 1673 36.3 $5.60 602 55.6 $2.91 $208,854

Minnesota 6950 127.0 $2.12 6150 37.5 $5.49 2398 39.0 $3.32 $749,836

Missouri 2446 115.3 $2.34 4671 33.9 $5.63 1382 44.4 $2.85 $436,806

N Dakota 858 91.5 $2.09 1053 29.1 $5.36 10895 31.6 $3.40 $604,543

Nebraska 8350 131.3 $2.27 3363 40,1 $5.49 2121 37.4 $3.11 $752,526

Ohio 3538 127.3 $2.34 4179 39.7 $5.71 1172 59.0 $2.88 $312,059

S Dakota 3692 94.8 $2.05 2978 32.0 $5.33 3599 34.1 $3.21 $424,083
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The National Agricultural Statistics Service (NASS), USDA, makes a distinction

between planted acreage and harvested acreage. The average reduction from planted to

harvested acreage for corn, soybeans, and wheat was 9 percent, 2 percent, and 14 percent

respectively. For the purposes of this study, i.e., farmers' decisions under the presence of

price supports and fixed government payments, planted acreage is appropriate. NASS

conducts several different types of surveys to capture acreage and yield data. Forecast

surveys, land surveys, and producer surveys are conducted throughout the year. Producer

surveys make up the majority of sampling, but land surveys are conducted on site and

used in conjunction with results from producers for final reporting.

To account for multivariate planting decisions, the states selected for this analysis

account for a major share of production in each of these three commodities. They are:

Iowa, Illinois, Indiana, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota,

Ohio, and South Dakota. The lone exception is Iowa which is not a major producer of

wheat, but the top corn and soybean producer. These states and their average levels of

production are shown in the Figure 4.2. These eleven states make up 77 percent of both

corn and soybean total production. Wheat production included in our dataset makes up 52

percent of total U.S. production. Oklahoma, Texas, and Montana make up approximately

25 percent of U.S. wheat production but were excluded because they do not produce

significant amounts of both corn and soybeans.



Figure 4.2. Corn, Soybeans and Wheat Planted Acreage by State,
1990-2001 Average

Source: USDA/NASS.

Table 4.2. Changes (%) in Planted acreage by Commodity and State,
1990-2001
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Corn Soybeans Wheat

90-01 90-95 95-01 90-01 90-95 96-01 90-01 90-95 96-01

Iowa -9 -7 -2 38 16 18 -69 -38 -50

Illinois 4 -4 8 16 6 10 -63 -28 -49

Indiana 4 -4 7 33 19 12 -62 -33 -43

Kansas 116 34 60 43 5 36 -21 -6 -16

Michigan -8 2 -10 87 30 43 -32 -18 -17

Minnesota 1 0 1 55 26 24 -37 -22 -19

Missouri 29 -21 64 18 10 8 -58 -37 -33

N. Dakota 4 -18 26 330 32 226 -17 -1 -16

Nebraska 5 4 1 106 29 60 -29 -12 -19

Ohio -8 -11 3 31 16 14 -27 -5 -23

S. Dakota 12 -18 36 131 31 76 -27 -30 5
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Source: USDA/MASS.

NASS also collects farm gate prices by month for the major producing states of

corn, soybeans, and wheat. NASS' surveys includes states that make up approximately 90

percent of production. Grain elevators are surveyed for total quantities purchased from
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4.2. Farm Gate Prices

Farm gate prices for corn, soybeans and wheat are collected and reported by

NASS, USDA. During the sample period, prices for all three commodities show an

increasing trend until he mid-i 990s before experiencing a significant decline (Figure

4.3). The U.S marketing year prices for all three commodities are shown in the graph

below. Annual U.S. farm gate prices for corn declined nearly 47 percent, while wheat and

soybean prices fell 40 percent between their peak years and 2001. Note that corn and

soybeans share the same marketing year from September until August of the following

year. The marketing year for wheat is June until May of the following year.

Figure 4.3. Annual U.S. Farm Gate price by Commodity, 1990-2001
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farmers and total dollars paid. Purchases from other elevators and any other transactions

not exclusively with farmers are excluded to maintain accuracy of the true farm-gate

price. For example, Figure 4.4 shows farm-gate prices in Illinois by month. General

trends in Illinois follow U.S. average prices, however wheat prices fell below corn prices

several times throughout the twelve year period.

Farm gate prices by month were used to calculate annual uncensored expected

prices and variance using equations (7.1) and (7.2). Recall that price support is modeled

as censoring points in the multivariate distribution of prices. Average target prices and

loan rates for the different policy regimes are reported in Table 4.3. Imposing these price

floors (8), the expected, censored prices and variance were found using (10.1) and (10.2).

Censoring points for the period 1990 to 1995, when target prices were still offered, were

a combination of target price and loan rate. To account for ARP and other diversion

policies, the target price is given a weight of 0.85 percent (depending on program

participation), with the loan rate accounting for the remaining 15 or so percent. The sum

of the two is set as the censoring points for corn and wheat from 1990-1995. The loan

rates during 1996-2001 are also presented in Table 4.3.



Figure 4.4. Monthly Farm Gate prices by Commodity, Illinois, 1990-2001
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Table 4.3. Average U.S. Target Prices and Loan rates by Commodity

Target Prices Loan Rates

- - - Corn Soybeans Wheat

($IBushel)

/

Source: USDA/ERS.

4.3. Government Payments by Policy Regime

The growth in government expenditures on price and income support policies for

all agricultural commodities from 1990 to 2001 is presented in Figure 4.5. The focus of

this study is not only on prices received by farmers, but also the income support

payments made to farmers of eligible commodities. Producers of corn, soybeans, and

wheat received varying amounts of support from 1990 until 2001 as set out by U.S.
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1990-1995 90-95 96-01

Corn 2.75 1.74 1.89

Wheat 4.00 2.30 2.58

Soybeans 4.90 5,21



agricultural policy. As market prices declined in the late 1 990s, emergency assistance

was authorized. In this study, the policies of interest are target price and the associated

deficiency payments prior to 1996, and loan rates with deficiency payments, PFC, MLA

and oilseed support payments after 1996.

Figure 4.5 Total Government Expenditures to U.S. Agriculture, 1990- 2001
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Source: USDA/ERS.

Figure 4.6 breaks down the total U.S. expenditures after the introduction of FAIR

Act. The term farm payments include all expenditures not included under PFC

authorization. They include loan deficiency payments, marketing loan gains, oilseed

support payments and other minor programs. Eligible crops for PFC (and MLA) are

corn, wheat, sorghum, rice, upland cotton, barley, and oats. The first two years after the

FAIR act, total government expenditures stayed below $10 billion, but as farm gate

prices fell total government payments increased dramatically. PFC payments remained
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relatively constant from 1996 until 2001 as only producers who enrolled in 1996 were

eligible. MLA payments were made beginning in 1998 due to deteriorating market

conditions. All producers enrolled for PFC payments were also eligible for MLA

payments. In 1998, emergency payments made up 23 percent of total government

payments, but in 2001 they represented 41 percent.

Figure 4.6 U.S. Farm Payments, PFC Payments, MLA Payments, 1996-2001
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Table 4.4 shows average direct income payments to farmers in the eleven states of

interest. These states received on average 54 percent of the total government payments

from 1990 until 2001. Of these, Iowa and illinois received the most government support

at 9.2 percent and 7.2 percent of total U.S. payments, respectively. In table 4.4 MLA

payments or emergency assistance are averaged over 1998 to 2001 because none were

made prior to that point. As PFC payments are considered fully decoupled income

payments, they are included in our analysis as additions to wealth. However, ERS does

1996 1997 1998 1999 2000 2001

MLA Payments

PFC Payments

Farm Payments
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Source: USDA/ERS
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not report these income payments for each commodity, rather they are lumped together

for each state. For the purposes of this study, the annual measures of PFC payments in

each state were scaled by the percentage of corn, wheat and soybean cash receipts out of

total PFC eligible crops receipts. MLA payments included as wealth payments in

equation (13.1), were also scaled by a similar percentage as PFC, except dairy receipts

were included in the total because they also received emergency assistance.

Table 4.4. Average PFC and Emergency Payments by State (1996-2001)

PFC

Emergency

(including MLA)

$(000) $(000)

Iowa 500,138 520,166

Illinois 439,345 452,525

Indiana 217,318 235,853

Kansas 386,911 391,851

Michigan 92,776 122,605

Minnesota 304,680 357,708

Missouri 165,694 213,456

N Dakota 243,656 332,650

Nebraska 377,608 398,278

Ohio 148,287 179,012

S Dakota 155,302 207,237
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Prior to 1995, ERS used 'Farm Cost and Returns Surveys' to farmers, but the

methods used to estimate costs were changed to incorporate American Agricultural

t'. Db
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4.4. Cost data

The Economic Research Service (ERS) of the USDA collects cost of production

data for major commodities. Corn, soybean and wheat costs are not collected by state, but

rather by region. State specific estimates of production costs are not considered to be

accurate because of small sample size. Regions were determined along state boundaries,

but after 1995 regional definitions were altered to take into account similar growing

regions and types of farm. Costs are determined by ERS through farmer surveys but are

not conducted every year. Estimates are used for years in which surveys are not carried

out.

Figure 4.7 Average Variable Cost per acre for U.S. and Illinois, 1990-2001

- -

- ..... --

-----U.S.Corn U.S. Soybeans U.S. Wheat

- - illinois Corn - - - Illinois Soybeans Illinois Wheat



42

Economics Association (AAEA) standards. The key difference in the updated standards

is to estimate operating costs and allocated overhead instead of cash costs and economic

costs. For our purposes, operating costs and cash costs constitute variable costs in our

calculation of profit. We reconciled the difference in calculation of costs by assuming

cash costs and operating costs were similar if not the same. All costs were normalized by

the CPI. Corn, soy and wheat variable costs are represented in the graph below. Wheat

costs rose almost 2 percent annually over the period from 1990 to 2001. Corn and soy

costs increased less than 1.5 percent annually over the same period. Figure 4.7.

4.5. Total Farm Equity

Estimates of U.S. farm balance sheets annually by state are made by ERS, USDA

with information from NASS, the U.S. Department of Commerce and the Census Bureau

(Agricultural Economic Land Ownership Survey). The farm balance sheet details assets,

debts and equity. Equity is the common measure of wealth because it is the difference

between total assets and debts. About 70 percent of farm assets are made up of real estate

assets, which does not include operator dwellings. The remaining assets are made up of

farm equipment, stored crops, livestock inventories, purchased inputs, and financial

assets. Debts include all real and non-real estate liabilities.

Figure 4.8 represents the total average wealth by year for the eleven states in our

sample and the annual growth rate by year. In this study, initial wealth was calculated by

taking the share of corn, soy, and wheat revenues of total state agriculture expenditures.

This share was multiplied by the total wealth for each state. It is important to note that on
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average from 1990 until 2001, the eleven states in our sample represent 38 percent of

total U. S. farm wealth. Over the twelve year period, their wealth share increased to 51

percent. The bulk of that increase occurred after 1995. From 1990 until 1995, the growth

in wealth averaged 15 percent per year, but between 1995 and 2001, the eleven states

experienced a growth rate of 31 percent per year.

Figure 4.8. Average Total Wealth for Selected States and Change by Year,
1990-2001



Chapter 5: Results and Discussion

This chapter presents the results from the analysis of effects of price and income

support policies in U.S. agriculture during 1990-2001. Prior to presenting parameter

estimates from the acreage response models, the censoring effects of loan rates and target

prices are shown. Goodness of fit measures and acreage elasticities follow the parameter

estimates. Compensated acreage coefficients are included along with tests of farmer

behavior under risk. Policy effects on acreage response, including profit, variance, and

wealth, are presented as percent changes from uncensored measures. For clarity, own

profit, variance, and wealth effects are referred to as direct policy effects.

5.1. Effects of Price Floors

Price support directly impacts profit and variance through censoring, and

indirectly through additions to wealth. Recall that price floors alter the distribution of

farm gate price, where equations (10.1) and (10.2) relate the censored mean and variance

of expected prices to their uncensored counterparts. The differences between uncensored

and censored moments of prices are calculated and their annual averages for 1990 to

2001 are presented in Table 5.1. Note that the results have also been averaged over the

eleven states included in our analysis. Using monthly prices, annual measures are based

on a marketing year from September of the current year to August of the next year.

However, the marketing year for wheat is June to May of the following year. To achieve

44
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uniform measures across commodities, the censored annual moments for wheat are

calculated with monthly data from September to August of the following year.

For all three commodities, the censored mean is higher or unchanged, and the

censored variance is lower or unchanged, as anticipated. For corn and wheat, the change

in policy pre- and post-1996 can be interpreted via the zero percent change in mean and

variance during 1995, 1996 and 1997. It is important to note the censored distribution

reflects both market forces and government policy. In 1996/1997, the reduction in price

support from target prices to loan rates coincided with the highest market prices during

the sample period and thus, it is not surprising to see no difference between uncensored

and censored means and variances. As prices declined after 1997, price support became

more influential. To the extent that price support is coupled with production, the FAIR

Act's loan rates had relatively lower effects on the mean and variance of corn and wheat

prices. Average effects of censoring on expected prices declined from over 10 (22) to

under 5 (5) in the case of corn (wheat). Wheat price support has had the largest effect on

means in the pre-FAIR act period, as can be seen from table 5.1. From 1990-1994,

variance reduction due to target price censoring averaged 77 and 88 percent for corn and

wheat, respectively. Not counting the years when high market prices dominated, the

average reduction in variance due to the FAIR Act is 47 and 45 percent, for corn and

wheat, respectively.

The only price support soybean farmers received from 1990 to 2001 was

commodity loans. These loan rates had little to no effect on censored mean and variance

until 1998. When prices declined, the effect of price support became more dramatic than



corn and wheat. On average, censored mean of soybean prices increased more than

double that of wheat, and even more relative to that of corn. The reduction in soybean

variance due to loan rates is relatively higher, averaging nearly 98 percent per year.

Table 5.1. Differences (%) between Censored and Uncensored Prices and Variances:
Corn, Soybeans and Wheat, 1990-2001
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As noted earlier, market prices for all three commodities declined after 1997

leading the U.S. government to authorize emergency payments to farmers of corn, wheat

and soybeans. We included these payments separately as price support and income

support to evaluate the extent to which these payments are decoupled. Table 5.2 presents

the effect these payments had on censored mean and variance if we consider the MLA

Corn Soybeans Wheat

Mean Variance Mean Variance Mean Variance

1990 10.53 -82.47 0.00 0.00 48.38 -100.00

1991 4.73 -60.94 0.00 0.00 8.70 -83.68

1992 4.24 -62.64 0.00 0.00 18.03 -97.42

1993 15.55 -85.22 0.00 0.00 16.44 -88.54

1994 18.91 -93.59 0.00 0.00 3.92 -70.53

1995 0.00 0.00 0.00 0.00 0.00 0.00

1996 0.00 0.00 0.00 0.00 0.00 0.00

1997 0.00 0.00 0.00 0.00 0.00 0.00

1998 2.84 -41.68 11.62 -95.43 8.30 -63.70

1999 5.56 -64.74 13.66 -98.29 13.18 -73.19

2000 4.31 -57.56 17.46 -99.20 5.53 -43.32

2001 0.91 -26.55 16.95 -99.88 0.00 -2.88
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payment rates as additions to censoring points (price support). Note from table 5.2. that

this change has a significant effect on corn and wheat expected prices. Emergency

payments increased the effect of censoring on average 3 percent to 15 percent, and 4

percent to 20 percent for corn and wheat, respectively. Soybeans became eligible for

emergency payments in 1999 under a separate oilseeds policy, and censored variance was

not effected as much as the mean.

Table 5.2. Differences (%) between Censored and Uncensored Prices and Variances:
MLA as Price Support, 1996-2001

5.2. Acreage Effects of Price and Income Support

Models for both classifications of emergency payments, equations (13.1) and

(13.2), were estimated using the Seemingly Unrelated Regression (SUR) procedure. A

panel data framework was considered but the limited number of annual observations by

state brings into question the robustness of estimates by state. In the literature, several

different functional forms have been used to estimate acreage response functions: linear

(Gallagher, 1978; Chavas and Holt, 1990; Pope and Just, 1991; Goodwin and Mishra,

Corn Soybeans Wheat

Mean Variance Mean Variance Mean Variance

1996 0.00 0.00 0.00 0.00 0.00 0.00

1997 0.00 0.00 0.00 0.00 0.00 -1.76

1998 8.51 -80.38 11.62 -95.43 19,53 -78.75

1999 21.55 -96.14 16.25 -99.61 35.19 -99.67

2000 19.85 -98.86 20.17 -99.74 21.60 -96.31

2001 10.40 -92.88 19.21 -99.98 6.48 -77.41
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2004), double log (Whitaker and Bancroft), and logistic (Wu and Adams, 2001).

Criticism of the linear functional form centers on the fact that partial derivatives of

acreage with respect to exogenous variables are constant, thus acreage elasticities can not

capture relative scales of total acreage. Additionally, total predicted acreages may exceed

the actual total acreage (Wu and Brorsen, 1995). With limited observations by state, a

linear function form estimated by SUR seems reasonable. Regression F tests, for each

commodity, were all rejected at the 99 percent confidence level. A Chow test was

performed and the null hypothesis that a structural change existed between pre- and post-

FAIR periods was rejected. Parameter estimates and goodness of fit measures are

provided in Tables 5.3 and 5.4. Direct policy effects are indicated by bold.

For equation (13.1), the coefficient on wealth is positive for all three commodities

(Table 5.3). This indicates that farmers across the eleven states were willing to accept

more risk by planting additional acreage in response to an increase in wealth. The results

for wealth coefficients were similar in terms of significance and sign as those found by

Chavas and Holt (1990), and Duffy, Shalishari, and Kinnucan (1993). The response of

acreage to wealth is significant at the 99 percent confidence level for corn and soybeans,

and at the 95 percent level for wheat.

The expected profit per acre coefficients are also positive for each commodity,

with soybeans and wheat significant at the 99 percent level and corn at the 95 percent

level. While Chavas and Holt (1990) found the coefficient for corn revenue per acre to be

significant and positive, Duffy, Shalishari, and Kinnucan (1993) did not. Goodwin and

Mishra (2004) did not find the coefficient on corn price to be significant in either farm- or
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county-level models. In addition, the signs of all direct, expected variance coefficients are

negative in our results, which implies that a decrease in variance leads to an increase in

acreage. The coefficient of corn variance is significant at the 90 percent level and the

coefficient on variance in the soybeans equation is significant at the 99 percent

confidence level. Chavas and Holt (1990), and Duffy, Shalishari, and Kinnucan (1993) do

not find negative effects from the variance of expected corn prices. In fact, Chavas and

Holt (1990) identified a positive variance coefficient for corn. Although the sign for the

wheat's expected variance coefficient is negative in our results, it is not significant. The

signs and significance of wealth and variance (at least for corn and soybeans) coefficients

are evidence that farmer's of all three commodities exhibit DARA preferences. The

significance of finding DARA preferences for both wealth and (expected) variance is that

farmers increase acreage in response to both price and income support. A shift in policy

from coupled to decoupled support may reduce production response, but evidently

farmers chose to accept more risk in exchange for direct income support.

The coefficient estimates of equation (13.2) can be found in Table 5.4. This model

which included emergency payments as price support, does not differ significantly from

(13.1) in terms of goodness of fit. Wealth coefficients continue to remain positive and

significant for all three commodities, although the confidence level for wheat was only 90

percent. The difference in magnitude of the wealth coefficients between (13.1) and (13.2)
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Table 5.3. Estimates of Acreage Equation with MLA as Income Support: 11 States,
1990-2001

Equation (13.1)

Parameter Corn Acres Soybeans Acres Wheat Acres

Constant aO 4153.21 *** bO 582.96 cO -5031 14

Profit Corn al 11.49 ** a2 19.36 *** a3 -1961

Profit Soy a2 19.36 *** b2 14.82 *** b3 -22.05

Profit Wheat a3 -19.61 *** b3 -22.05 *** c3 84.64

Variance Corn a4 -38656.80 * b4 -2270.37 c4 30388.88

Variance Soy a5 -18384.10 ** b5 -14803.3 *** c5 8263.74

Variance Wheat a6 -3641.70 b6 -6085.98 c6 -9449.83

Covariance Corn Soy a7 -105020.0 ** b7 -37473.5

Covariance Corn Wheat a8 109596.10 *** c8 -50009.4

Covariance Soy Wheat

Wealth $ (000) alO 0.000198 blO 0.000176 *** dO 0.000034 **

FAIR Policy Dummy all 75.12 bli 459.42 cli 986.29 **

CRP a12 -0.001 *** c12 0.004

Trend al 3 -395.21 b13 -115.57 *

Iowa a14 3689.45 *** b14 1537.76 *** c14 -5443.33

Adj R-Sq =0.8374 Adj R-Sq =0. 8696 Adj R-Sq =0.0.859

* indicate significance at 1, 5, 10 levels, respectively
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is negligible. The coefficient for wheat variance is negative and insignificant. The

estimates of variance effects decrease under (13.2), while corn's (expected) own-profit

coefficient increases by 9 percent, the coefficients for soybean profit and wheat profit

decrease 19 and 18 percent, respectively. Again, DARA preferences are indicated by the

wealth and variance coefficients, at least for corn and soybeans. Based strictly on the

signs of the direct policy coefficients, one can conclude regardless of whether emergency

payments are considered coupled via price support or decoupled through wealth, farmer's

reduce their risk aversion in response to government policies.

It is important to note that the indirect expected profit coefficients for both

models, which are held constant across commodities by symmetry, are highly significant,

at the 99 percent confidence interval. The signs for corn and wheat, as well as soybeans

and wheat are negative, suggesting the crops are substitutes in farmers' acreage decisions.

The data on planted acreage reflects a decrease in wheat acreage and an increase in

soybeans. The indirect expected profit coefficient for corn and soybeans is positive,

implying a complementary relationship. Although the significance of the parameter on

covariance of corn and wheat is significant, the signs differ. The implication is that an

increase in covariance between corn and wheat increases corn acreage, but leads to a

decrease in wheat acreage. The coefficient of covariance for corn and soybeans is

significantly negative for corn acreage in both models at the 95 percent level, but not

significant for soybean acreage.



Table 5.4. Estimates of Acreage Equation with MLA as Price Support:
11 States, 1990-2001
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Equation (13.2)

Parameter Corn Acres Soybeans Acres Wheat Acres

Constant aO 3983.24 *** bO 452.55 cO -4481.28 ***

Profit Corn al 12.56 ** a2 19.01 *** a3 -19.50 ***

Profit Soy a2 19.01 *** b2 11.94 ** b3 -14.94 ***

Profit Wheat a3 -19.50 *** b3 -14.94 *** c3 68.95 *1'*

Variance Corn a4 -37482.60 * b4 -6385.16 c4 34096.21 *

Variance Soy a5 -18881.70 ** bS -13705.4 ** c5 10535.32

Variance Wheat a6 -7444.37 b6 -7664.48 c6 -5353.60

Covariance Corn Soy a7 -95392.40 ** b7 -31326.4

Covariance Corn Wheat a8 105950.60 *** c8 -47741.9 **

Covariance Soy Wheat

Wealth $ (000) a10 0.000198 blO 0.000179 *** dO 0.000027 *

FAIR Policy Dummy all 62.26 bil 727.59 * cli 427,60

CRP a12 -0.001 c12 0.004 ***

Trend a13 -366.74 *** b13 -157.17 ***

Iowa a14 3732.58 *** b14 1555.57 *** c14 -5538.99 ***

Adj R-Sq =0.8385 Adj R-Sq =0.868 1 Adj R-Sq =0.8475

* * *, * *, * indicate significance at 1, 5, 10 levels, respectively
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5.3. Acreage Elasticities

Acreage elasticities with respect to expected profits, variance of profits and farm

wealth are calculated using sample means and presented in Table 5.5. Wheat elasticity

with respect to variance is included despite the coefficient not being significant in either

model. With regard to expected, own-profit (per acre) elasticities, wheat acreage is more

own-profit responsive relative to corn and soybeans. Using estimates of equation (13.1)

from Table 5.3, a 1 increase in expected, wheat profit per acre will increase its acreage by

1.777, holding all other variables constant. A similar increase in corn and soybean

expected profit per acre will increase planted acreage by 0.208 and 0.294, respectively.

Lin et al. (2000) reported finding higher own-price elasticity for corn than the estimate

reported in Table 5.3. These compensated, own-profit elasticities for corn and soybeans

are significantly higher than those reported by Chavas and bit (1990), but own-profit

elasticity for soybeans is less than the 0.560 found by Duffy, Shalishari, and Kinnucan

(1993). The results for own-profit elasticities are significantly higher than the general

market price/loan rate elasticity presented by Adams et al. (2001). Lin's (1999) estimate

of own-price elasticity for U.S. wheat was much smaller, 0.36, than the Table 5.5 result.

Acreage response to variance of expected prices is negative but less elastic than

that of profit or wealth. For each commodity, using estimates of equation (13.1) a 1

increase in variance of expected prices decreases acreage by 0.048, 0.046, and 0.037 for

corn, soybeans, and wheat, respectively, holding all else constant. Comparing estimates

of equations (13.1) and (13.2), the own-profit elasticities are similar, except for wheat.

Similarly, variance elasticities are similar for corn and soybeans, but from equation (13.2)



wheat acreage decreases by only 0.0 19 in response to a 1 increase in the variance of

expected prices, holding all other variables constant.

Table 5.5. Acreage Elasticities, 11 States, 1990-2001
MLA as Income Support, (13.1) MLA as Price Support, (13.2)
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The acreage response to wealth is more elastic in the case of corn and soybeans

relative to that of wheat. Again, own-wealth elasticities are higher than those found by

by Adams et al. (2001) and Chavas and Holt (1990). Note also that the wealth elasticities

are larger than the own-profit elasticities in corn and soybeans acreage equations. A 1

increase in wealth increases wheat acreage by 0.18 only, but brings about 0.63 and 0.66

changes in corn and soybeans acres, respectively. In general, wealth effects and likely

the effects of decoupled support are lower for wheat relative to corn and soybeans.

However, wheat acreage is more responsive to profit or coupled support consistent with

the decline in planted wheat acreage over the sample period. Across models, including

emergency payments as price support increases the elasticity of profit for corn, but lowers

that of soybeans or wheat. The estimate of wealth elasticity in the wheat equation

decreases from 0.18 to 0.14, while the corn and soybeans' wealth elasticities remain

nearly unchanged.

Corn Soy Wheat Corn Soy Wheat

Profit 0.2083 0,2939 1.7774 Profit 0.2408 0.2384 1.5321

Variance -0.0481 -0.0469 -0.0368 Variance -0.0436 -0.0433 -0.019

Wealth 0.6266 0.6549 0.181 Equity 0.6254 0.6649 0.1435
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Imposing symmetry restrictions on cross-commodity profit coefficients allows for

the calculation of uncompensated profit coefficients. Using equation 12.1.1 and our

parameter estimates, we break down the uncompensated profit effects into the

compensated (substitution) and wealth effects. Note that the compensated and

uncompensated profit coefficients are equal whenever the wealth effect is zero. Chavas

and Holt (1990) also found non-zero wealth effects. A comparison of compensated and

uncompensated elasticities can be found in Table 5.6.

Table 5.6. Compensated and Uncompensateci Own-Profit Elasticities

Matrix Gin Equation (12.1.1) represents the wealth effects multiplied by the

optimal acreage. The main diagonal reflects each commodity's own wealth effect. From

equation (13.1) and Table 5.3, corn and soybean wealth effects are significantly greater

than that of wheat. Wealth effects increase acreage response to profit by 10 percent for

corn, 5 percent for soybeans, and 0.1 percent for wheat. Similar results are also obtained

from equation (13.2) and Table 5.4.

Lump MLA

Corn Soy Wheat Corn Soy Wheat

Compensated 0.2083 0.2939 1.7774 Compensated 0.2408 0,2384 1.5321

Uncompensated 0.2277 0.3101 1.7797 Uncompensated 0.2614 0.2550 1.5340



Figure 5.1. Compensated and Uncompensated Estimates, Equation (13.1)

Figure 5.2. Compensated and Uncompensated Estimates, Equation (13.2)

5.4. Price and Income Support Policy Effects on Acreage

To isolate the direct policy effects on acreage response we use the parameter

estimates and uncensored measures of expected profit per acre and variance, and wealth

without PFC and MLA payments, to calculate uncensored predictions of acreage.

Comparing averages of uncensored predictions to our econometric, censored predictions,

allows us to attribute the increase in acreage to cumulative and individual policy effects.

Table 5.7 presents the direct policy effects for both models.

Over the sample period, government policy appears to affect wheat acreage

relatively more than that of corn and soybeans. About a tenth and a fourth of respective
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*using Estimates of Equation 13.2 (MLA as Price Support)

The majority of the cumulative increase in wheat acreage comes from increased

(expected) profit per acre or price support. Soybeans are the least affected by both price

and income support, but this does not seem unusual since price support had no effect on

censored prices until 1998, and the only wealth payments occurred after 1998. Variance
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fitted corn and wheat acreages are attributable to policies, while a sixteenth of fitted

soybean acres are due to policy effects according to the model with MLA as a lump sum.

Total corn, soybeans and wheat acres in the U.S. averaged about 75, 65 and 66 million

acres during 1990-2001. The calculations suggest about 7.5 million corn acres, 4 million

soybean acres and 18 million wheat acres are attributable to price and income support

policies. These effects increase modestly in the case of corn and wheat when computation

replaced MLA payments from the lump-sum category into additions to price floors.

Table 5.7. Cumulative Effects (%) of Price and Income Support on Acreage:

11 States, 1990-2001

Cumulative Profit Variance Wealth

Corn 10.70 1.76 6.00 2.94

Soy 6.10 1.61 1.43 3.07

Wheat 28.05 24.98 2.22 0.85

Corn* 12.18 3.25 6.12 2.81

Soy* 5.78 1.46 1.33 2.99

\Vhe at * 30.91 28.82 1.45 0.65
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reduction makes up more than half of the cumulative price and income support in corn

acreage, followed by the increases in wealth and expected profit in that order. Recall that

the variance elasticity for corn is lower than that of profit and wealth, but the policy

breakdown indicates the reduction in variance is responsible for most of the policy

response. Both models yield similar results over the sample period, with emergency

payments as price support increasing the expected profit contributions to acreage

response, which is expected. For wheat, the variance-reduction contribution actually

decreases when emergency payments are included as additional censoring.

Similar breakdowns were calculated for observations before and after the introduction of

the FAIR Act: 1990-95 and 1996-2001. Comparing results of Table 5.8 and 5.9 without

asterisks for equation (13.1), price-support contribution to corn and wheat acres decreases

after 1996, which is anticipated with the introduction of decoupled payments and the

removal of target prices. For corn, the contribution from variance reduction decreases

most dramatically, but that from wealth more than doubles between pre- and post-1996

periods. Policy effects on wheat acres continue to be dominated by price support before

and after 1996. However, the wealth effect more than doubles and the profit response

decreases by more than 70 percent during the FAIR act period. Cumulative policy

contribution increased in the case of soybeans acreage in contrast to corn and wheat. The

loan rates for soybeans became binding in the aftermath of Asian financial crisis resulting

in significant contributions from increased, expected profits and reduced price variance.

The contribution from wealth more than doubled for soybeans acreage. Despite



*Using Estimates of Equation 13.2 (MLA as Price Support)
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additional censoring of prices, note that contributions computed using equations (13.2)

are similar to those from equation (13.1), except in the case of wheat.

The comparison of policy contribution between 1990-1995 and 1996-2001 based

on equation (13.2) is made using results with asterisks in Tables 5.8 and 5.9. Cumulative

policy contribution declined less dramatically in the case of corn and wheat and increased

significantly in the case of soybeans. For wheat, the contribution from wealth more than

doubled as before, but the decline in expected, own-profit contribution is less dramatic

(about 12). Similarly the decline in expected, own-profit contribution in the case of corn

is less than that obtained using equation (13.1). However, the large decline in the

Table 5.8. Cumulative Effects (%) of Price and Income Support on Acreage:

11 States, 1990-1995

Cumulative Profit Variance Wealth

Corn 16.35 2.94 11.51 1.90

Soy 2.18 0.00 -0.01 2.19

Wheat 41.12 37.29 3.32 0.51

Corn* 16.25 3.20 11.14 1.90

Soy* 2.22 0.00 -0.01 2.22

Wheat* 32.70 30.42 1.88 0.40



Table 5.9. Cumulative Effects (%) of Price and Income Support on Acreage:

11 States, 1996-2001

*using Estimates of Equation 13.2 (MLA as Price Support)

variance-reduction contribution is only partially offset by the doubling of wealth

contribution. For soybeans, the increase in the cumulative contribution is attributable to

higher, expected profit, variance-reduction and wealth contributions. A comparison

within the 1996-200 1 period of the two models (equations 13.1 and 13.2) suggest

additional censoring by MLA payment rate increases cumulative policy contributions in

corn and wheat, while minimally impacting soybeans effects. Focusing on the post-1996

period with MLA as lumpsum, about 4 million corn acres, 6.5 million soybean acres, and

8.9 million wheat acres are attributable to price floors and income support.

In general, the results for direct policy effects indicate DARA preferences of corn,

soybeans, and wheat growers. Non-zero wealth coefficients, positive expected profit

coefficients, and negative variance coefficients all indicate positive acreage response to

coupled and decoupled government policies. The increase in wealth effects during 1996-
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Cumulative Profit Variance Wealth

Corn 5.27 0.62 0.71 3.93

Soy 9.24 2.90 2.57 3.77

Wheat 13.29 11.07 0.98 1.23

Corn * 8.26 3.29 1.28 3.69

Soy* 8.64 2.63 2.40 3.61

Wheat* 28.89 27.01 0.96 0.92



2001 support the existence of acreage effects of decoupled payments. The degree of

coupling, i.e., treating emergency payments as partially coupled or decoupled appear to

affect the results.

5.5. Estimated Acreage Response to Policy Expansion

The results from this study can also be used to estimate acreage response for an

expansion of U.S. commodity policy. An interesting question is how much would loan

rates or income payments have to increase to generate a 1 million acre increase for each

commodity. Table 5.10 contains the results for the policy changes required to increase

each commodity directly. For example, when the loan rate for corn increases by 15

percent, then corn acreage is estimated to increase by 1 million acres. Notice the much

higher increase in loan rate required for soybeans. This is not surprising because of the

relatively low loan rate soybean farmers received from 1990-2001. In terms of wealth or

income payments, when wheat producers receive more than double their payments from

1996-2001, then wheat acres can be expected to increase by 1 million acres. In fact across

all three commodities, the required increase in wealth payments is relatively higher than

loan rates. This provides additional evidence that acreage response is more sensitive to

coupled support.

Table 5.10. Estimated Policy Expansion (%) for Direct Acreage Response (1 Million

Acres)
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Corn Soy Wheat
Loan Rates 15 37 17
Wealth 23 26 140
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The direct acreage effects from an expansion in commodity policy do not tell the

entire story. Farmers make a multi-product planting decision which means an increase in

the price of corn will affect the decision to plant soybeans and wheat. After estimating the

direct policy increase required to generate a 1 million acre response in a specific

commodity, the same increase was then applied to the other commodities. The increase in

the indirect commodities can be considered the net response from an expansion in

commodity policy. The indirect wealth effects were not calculated because the

calculation of wealth is constant across all commodities. Table 5.11 shows the net

indirect acreage response for the commodities not affected by the increase in loan rates.

These results do not include the direct 1 million acre direct response. When the loan rate

of soybeans is increased by 37 percent, after subtracting the 1 million acre increase of

soybeans, the increase in corn and wheat acreage combined is over 1 million acres. In

contrast, when the loan rate of wheat is increased by 1 million acres, corn and soybean

acres decrease by over 700,000 acres. This is a important evidence that corn and

soybeans are substitutes for wheat.

Table 5.11. Indirect Acreage Response to 1 Million Acre Policy Expansion

Soy + Wheat
Corn + Wheat

Corn + Soy

Indirect Acreaee Ressonse
191,131 Corn (+15%)

1,019,266 Soy (+37%)
-709,779 Wheat (+17%)



Chapter 6: Summary and Conclusion

The objective of this study is to understand the effects of commodity policies on

acreage decisions in the United States during 1990-2001. The effects of price and income

support in the post-URAA era has become a major source of disagreement in the current

Doha round of trade negotiations. More specifically, the increased use of income or

decoupled support and its consequence has been contentious and stalled further

multilateral trade liberalization. The 2002 U.S. Farm Bill has raised more questions on

the effects of decoupled payments since it formalized emergency payments of the late

1990s in the form of counter-cyclical payments. Hence, it important to investigate

income and price support to agriculture in developed countries and to quantify the effects

of such policies.

This study focuses on three major U.S. commodities; corn, soybeans and wheat,

and traces through the policy changes from price support to a combination of price and

income support corresponding to the pre-. and post-1996 periods. Aside from cotton and

rice, farmers of the three commodities in this study received a significant share of public

support.

An expected utility framework was employed to model a representative farmer's

optimal acreage allocation across crops subject to a budget and total acreage constraint.

Farmers have expectation over two random variables: yield and price. The maximization

of expected utility resulted in optimal acreage decisions, which depend on initial wealth

of the farm household, expected profits per acre, and the second moments of the
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distribution of expected profits. Following earlier studies, price floors (e.g., target prices,

loan rates) are considered as censoring points, where prices follow a censored

(multivariate) normal distribution. The mean and variance of a censored normal random

variable are higher and lower respectively, than the uncensored equivalents. The

presence of price floors imply that expected profits would be higher and expected

variance would be lower than otherwise. Since expected utility maximization involves

farmers' initial wealth, income support payments are considered as additions to wealth

allowing us to extend the framework to the post-1996 period when a combination of price

and income support policies are used. The production flexibility contracts (PFC) in the

1996 farm bill are considered as income or decoupled support measures. However, the

emergency market loss assistance (MLA) is considered to be partially-decoupled, which

is modeled using two alternative approaches: MLA as a lump-sum payment and MLA as

price support. In the case of the former, we treat MLA payments as additions to wealth,

while the MLA payment rate is considered as an addition to the censoring point in the

latter.

Acreage decisions, which depend on expected profit per acre and its variance, and

wealth, are estimated using data on state-level acreage, prices, yield, costs and farm

equity for the period 1990-2001 for corn, soybean and wheat. Together, the state, time

and commodity dimensions provide a sample of 396 observations (1 1x12x3=396). Loan

rates, target prices, PFC and MLA payment rates, acres and yield are also obtained for

each of the three dimensions. The major data sources include the Farm Service Agency,

Economic Research Service and National Agricultural Statistical Service of the U.S.
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Department of Agriculture. A number of specification and error structure analyses

guided the final, estimated acreage equation, one each for the lump-sum treatment of

MLA payment and for the addition of MLA rate to the price floor.

Both models yield significant expected profit, variance and wealth coefficients

with anticipated signs. They suggest that farmers are risk averse and that their

preferences show decreasing absolute risk aversion. The compensated and

uncompensated own-profit elasticities from both models are also similar. Corn and

soybean acreage are inelastic to changes in expected profit and its variance, but relatively

more elastic with respect to changes in wealth. Wheat acreage's response to profit

changes is elastic, while those to changes in variance and wealth are inelastic. About a

tenth and a fourth of respective fitted corn and wheat acreages are attributable to policies,

while a sixteenth of fitted soybean acres are due to policy effects according to model with

MLA as lump sum payment. Total corn, soybeans and wheat acres in the U.S. averaged

about 75, 65 and 66 million acres during 1990-2001. Calculations based upon the results

of this study suggest about 7.5 million corn acres, 4 million soybean acres and 18 million

wheat acres are attributable to price floors and income support policies. These effects

increase modestly in the case of corn and wheat when computation replaced MLA

payments from the lump-sum category into additions to price floors. Focusing on the

post-1996 period, about 4 million corn acres, 6.5 million soybean acres, and 8.9 million

wheat acres are attributable to price floors and income support. Regardless, the trends of

policy effect are similar in both models. In general, policy contributions experienced a

shift out of profit and variance effects and into wealth effects between the pre- and post-



1996 periods. Given the diverse viewpoints on MLA payments, these models provide

insights into production effects in the fully-decoupled and partially-decoupled policy

settings.

These results are important in the evaluation of the production effects of 2002

FSRI Act provisions. The return of target price (coupled support), the retention of fixed

payments (decoupled support), and the creation of counter-cyclical payments, CCP,

(partially decoupled) suggest that the agricultural policy regime will remain mixed in the

foreseeable future. The results of this study provide evidence that a change in the policy

regime from price to purely decoupled or income support of the 1996 farm bill initially

reduced policy effects of acreage response. However, the introduction of emergency

assistance tied to market prices has created policy effects mostly similar to those of the

pre-1996 period.
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