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ABSTRACT

This dissertation presents three essays that investigate three relevant issues about agri-
cultural markets: farmers’ choice of hedge; government optimal taxation; and government
farm program reactions to price volatility. First essay fills a theoretical gap showing that high
profitable farmers hedge more than low profitable farmers. Second essay examines govern-
ment optimal taxation and shows how Ramsey government policies compete with financial
markets. The third essay shows the causality from price volatility to government subsidies
using US wheat market data. It also shows that government reacts to price volatility, mainly,
when prices are low enough, despite the farm program design.

Keywords: agricultural markets, hedge, search models, optimal taxation, government agri-
cultural programs



RESUMO

Esta tese apresenta três ensaios que investigam três questões relevantes sobre mercados
agrícolas: escolha de hedge dos agricultores; imposto ótimo do governo; e reações do gov-
erno à volatilidade dos preços. O primeiro ensaio preenche uma lacuna teórica provando
que agricultores mais ricos fazem mais hedge que agricultores menos ricos. O segundo
ensaio examina imposto ótimo do governo e mostra como políticas do governo de Ramsey
competem com o mercado financeiro. O terceiro ensaio mostra o efeito da casualidade da
volatilidade dos preços nos subsídios do governo utilizando dados do mercado de trigo dos
Estados Unidos. Ele também mostra que o governo reage a volatilidade dos preços, princi-
palmente, quando preços estão baixos o suficiente, e as reações acontecem independente
do plano agrícola.

Palavras-chave: mercados agrícolas, hedge, modelos de search, tributação ótima, progra-
mas agrícolas do governo
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Chapter 1

Introduction

Farmers' choice of hedge, government optimal taxation on agricultural sector and govern-
ment farm programs reactions to volatility are issues on agricultural markets that require further
investigation. This dissertation, improves the understanding of these topics by proving that (i)
high pro�table farmers hedge more than lower pro�table farmers, (ii) Ramsey government plan
will compete with �nancial markets and (iii) government reacts to price volatility.

The �rst essay investigates farmers choice of hedge and proposes an explanation to a gap
between empirical evidence and theoretical models. Empirical evidence shows that high prof-
itable farmers hedge more than low pro�table farmers. However, this behavior is not explained
by theoretical models, which consider hedge as an insurance against low equity level. In these
models, wealthier farmers do not hedge because they have large initial equity. This essay solves
this puzzle using an alternative set up where farmers maximize utility de�ned on consumption,
thus, hedge is an insurance against low future consumption. Results show that since utility is
concave, the utility cost of hedge decreases with pro�t while the bene�t of hedge increases with
pro�t, explaining why high pro�table farmers hedge more than low pro�table ones.

First essay contributes to the literature solving the theoretical gap and with the original use
of an alternative de�nition of hedge1, which is de�ned as an insurance against farmers low level
of consumption. Market participants should use these results to increase the relevance of hedge
costs on farmers's hedge decision and their e�ects on farmers with di�erent levels of pro�ts.

The second essay examines government incentives to farmers thought taxation and seeks to
answer how government adjusts taxation in order to maximize farmers welfare and the e�ects of
these changes on �nancial markets. Short hedge position eliminates the price risk when prices
fall, if government uses taxes as a tool to maximize farmers welfare it is competing or eliminat-
ing the importance of futures markets, since governmental aid becomes an alternative to hedge.
Results replicates the most notorious result from Ramsey (1927) and contributes with original
short run results. It is demonstrated that, for the model with agricultural productivity shocks,
optimal �scal policy will use labor taxation to smooth out farmer's pro�ts and consumption.
If government expects future agricultural productivity to decrease, then government will de-
crease current taxation in order to increase labor demand and future production, o�setting the
future decrease on agricultural total factor productivity. Hence, Ramsey government plan on
agricultural sector competes and decreases the importance of future markets.

Essay two contributes to the literature with an original application of the theory of optimal
taxation adding a stochastic agricultural sector and results show that a welfare maximizing

1Essay one de�nition of hedge is closely related with Lucas (1978).

14



government competes with �nancial markets throughout changing the timing on labor taxation.
This essay also shows original results proving theoretically the concept of normal backwardation,
the importance of the production function concavity on Ramsey government plan and that a
government that maximizes welfare must be more committed timing taxation on labor intensive
economies than capital intensive economies. Market participants should use these results to
understand agricultural �nancial markets, given countries agricultural sector characteristics and
governmental in�uence.

The third essay explores government farm programs reactions to price volatility using US
data on wheat market. This essay refutes previous research hypothesis that government a�ects
volatility and investigate government farm programs reactions to price volatility. Results show
that government reacts to wheat prices volatility and using government outlays as a proxy to
measure government reactions, a dual e�ect was found: for low enough wheat prices, govern-
ment reacts positively to price variations; and for high enough wheat prices, government does
not react and let prices to be market orientated. Investigating fourteen farm programs from
Agricultural Act of 1961 to Agricultural Act of 2014, results show government reactions to
price volatility are stronger in programs when wheat prices reach government support price.
On the other hand government decreases its in�uence and does not react to prices volatility
when prices are high.

Essay three contributes to the literature showing that US government reacts to wheat price
volatility, not otherwise, and market participants should use this information to analyze farmers
risk management alternatives considering the possibility of a government reaction.

The remainder of this dissertation is organized as follows. Chapter 2 presents "Searching
to Hedge" essay which address farmers hedge decision. Chapter 3 shows "Taxation Versus Fi-
nancial Markets: Optimal Fiscal Policy on Agricultural Sector", which investigates government
optimal taxation and its e�ects on �nancial markets. Chapter 4 presents "From Government
Outlays to Farm Gate: Revisiting Causality of Government Farm Programs E�ects on Wheat
Spot Prices Volatility", which explore government farm programs reactions to price volatility
and chapter 5 brings the dissertation conclusion and suggestions to applications and further
analysis for each essay.
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Chapter 2

Searching to Hedge

2.1 Introduction

Empirical evidence indicates that farmers' pro�t and hedge are positively correlated. The
reference model for farmers' hedge (Collins (1997)) predicts a negative correlation. We develop
an alternative model that is consistent with the empirical evidence.

Hanson and Pederson (1988) shows that only 9% of Minnesota low income grain farmers
hedge with futures contracts while this proportion is 37% among high income farmers. Using
data from the 1996 Agricultural Resource Management Survey (ARMS), Harwood et al. (1999)
and GAO/RCED (1999) show that 27% of the lowest gross income farmers hedge their pro-
duction, while this percentage increases to 44% in the highest income class1. Edelman et al.
(1990) and Makus et al. (1990) surveyed US farmers and show that gross sales have a positive
and signi�cant e�ect on farmers' hedge decision. Dorfman et al. (2010) show that farmers
pro�tability has a positive e�ect on hedge ratio.

On the other hand the conclusion of the classical model of (Collins (1997)) con�icts with
empirical evidence. In his model, farmers choose hedge level to maximize expected equity (initial
equity plus hedge gains minus production and interest costs) subject to a hazard constraint (a
maximum probability for equity being less than an arbitrary level2). Thus, hedge is an insurance
against low equity level. Wealth farmers' do not hedge because they have large initial equity
(value of the farm minus debt), allowing them to cope with low price. Since the value of the
farm increases with its pro�tability, pro�table farms do not hedge.

Our model uses a di�erent set up: farmers maximize utility de�ned on consumption subject
to a constraint that consumption does not exceed pro�t (revenues minus production costs plus
hedge gain minus hedge cost). Thus, hedge is an insurance against low future consumption.
Our model is analog to the classical search model of McCall (1970)3.

In our model the farmer decides whether to hedge a �xed amount or receive the correspond-
ing pro�t once price is realized. The maximization problem consists of �nding the limit spot
price that triggers hedge. Since utility is concave, the utility cost of hedge decreases with pro�t
(high price) while the bene�t of hedge increases with pro�t. Therefore, when pro�t is high

1Farmers' gross sales usually is used as proxy for pro�tability. For instance, ARMS data from 1996 to 2014
show that the correlation between gross income and net farm income is 96%.

2For previous work on hazard constraint, see Telser (1955).
3McCall (1970) studied an intertemporal job search decision in which the agent problem is the discrete

choice of accepting or rejecting a wage o�er
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(spot price is high) farmers hedge their production. Thus pro�table farmers hedge more than
less pro�table ones.

The remainder of this paper is organized as follows. Section 2.2 presents the model. Section
2.3 shows hedge decision results and section 2.4 concludes.

2.2 The Model

This section presents the farmer search problem of hedging. Farmers live in�nitely and
maximize their lifetime utility4de�ned over consumption subject to his budget constraint, con-
sumption expenditures must be less or equal his pro�ts. It is assumed that consumption good is
di�erent from agricultural good produced by farmer. Also, for simplicity, it is assumed that all
prices are constant and the only shock in this economy comes from spot price of the commodity.
Hence, the aggregate state variable for farmer's problem is the spot price of the commodity.
For now, let's just assume that the aggregate state space is compact, i.e., price state space is
[Pmin, Pmax]. Farmer uses labor as input in a production function with decreasing returns to
scale, therefore, in the optimal, pro�ts are strictly positive. Pro�ts will also depend on farmers
decision of hedge in the previous period. Hence, the individual state variable is farmer's deci-
sion of hedging at t-1. It is assumed that the set of hedge decision is non-convex, i.e., h′ = 0,
if he chooses not to hedge his future production, or h′ = 1, if he chooses to hedge his future
production. If h′ = 1, then, it is assumed that he hedges an optimal proportion n ∈ (0, 1) of
his future production and pays a constant cost φ > 05. Let h = {0, 1} be the individual state
variable, P be the spot price of the commodity which follows an exogenous probability distri-
bution, β be the subjective discount factor, P̄ be the contracted future price of the commodity
and F (l) be the production function de�ned over the labor input. The Bellman equation for
farmer's problem is:

V h(P ) = max
h‘∈{0,1}

{max
{c,l}

u(ch) + βE(V 0(P ′)/P )}; max
{c,l}
{u(ch) + βE(V 1(P ′)/P )} (2.1)

where:

c0 ≤ Π0 = PF (l)− wl − h′φ if h = 0 (2.2)

c1 ≤ Π1 = P (1− n)F (l) + nP̄F (l)− wl − h′φ if h = 1 (2.3)

ch ≥ 0; lh ≥ 0;h′ ∈ {0, 1} (2.4)

Both Bellman equations above, (V 0(P ), V 1(P )), are a mapping that takes continuous and
bounded real-value functions into continuous and bounded real-valued functions 6. Moreover,

4The lifetime utility is de�ned as: U(ct) =
∑∞

t=0 β
tu(ct), where the instantaneous utility function, u(ct), is

strictly increasing, strictly concave, is twice continuous-di�erentiable, satis�es Inada conditions. Moreover, the
marginal utility is strictly convex, i.e., u′′′(ct) > 0

5Observe that the cost φ is de�ned as a set of costs associated with farmer decision of hedge future produc-
tion, for instance, transaction and information.

6Continuous functions are bounded if de�ned over a compact set, in this case, [Pmin, Pmax].
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both Bellman equations are strictly increasing and strictly concave7. The Bellman equation to
solve this problem is divided in two equations in order to consider the choice of hedging in the
period, i.e, the farmer can choose to hedge or not his future production, h′ = {0, 1}. Farmer's
pro�t in the current period depends on previous choice of hedge, h = {0, 1}, therefore, V h.
Note that if he decided to hedge in previous period, h = 1, then farmer will receive part of his
production at a �xed price, P̄ , and his pro�ts will be Π1. On the other hand, if he did not
hedge in the previous period he will receive the spot price P and his pro�ts will be Π0. By
substituting the constraints in equation 2.1, we have:

V h(P ) = max
h‘∈{0,1}

{max
{l≥0}

u(Πh) + βE(V 0(P ′)/P )}; max
{l≥0}
{u(Πh) + βE(V 1(P ′)/P )} (2.5)

Note that the functional Bellman equation is not di�erentiable for all points, therefore, we
solve each problem separately. Moreover, note that the choice of labor is static, in other words,
the choice of current labor does not a�ect future choices, then, in the optimal, farmer chooses
labor such that:

Firstly, if h = 0:

l0
∗

= F−1
l (

w

P
) (2.6)

Secondly, if h = 1, the optimal choice for labor and therefore, production is:

l1
∗

= F−1
l (

w

P̂
) (2.7)

Where P̂ = [(1−n)P +nP̄ ] is the index price of the commodity for the farmer who decided
to hedge a percentage n of his production.

Therefore, in the optimal:

Π0∗ = PF (l0
∗
)− wl0∗ − h′φ (2.8)

Π1∗ = (1− n)PF (l1
∗
) + nP̄F (l1

∗
)− wl1∗ − h′φ = P̂F (l1

∗
)− wl1∗ − h′φ (2.9)

Where l0
∗
and l1

∗
are given by equations 2.6 and 2.7, respectively.

Adding the optimal pro�ts if the farmer decided not to hedge in the previous period, equation
2.8, and if the farmer decided to hedge in the previous period, equation 2.9, in the Bellman
equation 2.5, we have the Bellman equation that describes farmers optimal decision of hedge
future production and their current optimal pro�ts given the last period decision of hedged or
not his production:

V h(P ) = max
h‘∈{0,1}

{u(Πh∗) + βE(V 0(P ′)/P );u(Πh∗) + βE(V 1(P ′)/P )} (2.10)

Proposition 1. Under the assumptions on the production function, i.e., marginal product of
labor is strictly positive and strictly decreasing on labor, Fl(l) > 0 and Fll(l) < 0, then, in the
optimal, pro�ts are strictly increasing and strictly convex function on spot prices.

7See Stokey (1989).
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Proof. Without loss of generality, let's consider h = 0, then using equation 2.8: dΠ0∗

dP
= F (l0

∗
)+

PFl(l
0∗)dl

0∗

dP
− w dl0

∗

dP
, dΠ0∗

dP
= F (l0

∗
) + dl0

∗

dP
(PFl(l

0∗) − w) Using the fact that in the optimal,

for any P > 0 and for given w > 0 : Fl(l
0∗) = w

P
, then: dΠ0∗

dP
= F (l0

∗
) > 0. Finally:

d2Π0∗

dP 2 = Fl(l
0∗)dl

0∗

dP
> 0. Where the inequality above comes from the fact that Fl(l

0∗) > 0 and,

using equation 2.6: dl0
∗

dP
= −

w
P2

Fll(l0
∗ )
> 0.

Proposition 2 below guarantees the existence and uniqueness of a cross point between pro�ts
if hedging or not the agricultural production.

Proposition 2. Under the assumptions on the production function:

� If P < P̄ , so w
P = w

(P (1−n)+nP ) >
w

(P (1−n)+nP̄)
=⇒ l0

∗
< l1

∗
=⇒ Π0∗ < Π1∗.

� If P > P̄ , so w
P = w

(P (1−n)+nP ) <
w

(P (1−n)+nP̄)
=⇒ l0

∗
> l1

∗
=⇒ Π0∗ > Π1∗.

� If P = P̄ , so w
P = w

(P (1−n)+nP ) = w

(P (1−n)+nP̄)
=⇒ l0

∗
= l1

∗
=⇒ Π0∗ = Π1∗.

Proof. It comes directly from the assumption that Fll(l) < 0 and from proposition 1.

Proposition 2 shows that if the spot price is lower (higher) than the contracted price P̄
then labor demand for farmers who decided to hedge in previous period will be higher (lower)
than labor demand for farmers who decided not to hedge. Since pro�t is an increasing function
of labor then pro�ts for farmers who decided to hedge will be greater (lower) than pro�ts for
farmers who decided to not hedge in the previous period.

Figure 2.1 bellow presents a graphical representation of propositions 1 and 2 and shows the
relationship between pro�ts, pro�ts' utility and pro�ts' marginal utility with spot prices for
farmers that decided to hedge and farmers that decided not to hedge in the previous period.
Observe that �gure 2.1 is divided in 3 graphics: graphic 1 shows farmers pro�ts as a function
of spot price; graphic 2 shows farmers utility level as a function of spot prices; and graphic 3
shows farmers marginal utility as a function of spot prices.
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Figure 2.1: Pro�t, Utility and Marginal Utility as a Function of Current Prices

Note: This �gure presents a graphical representation of propositions 1 and 2. P̄ stands for contracted future

price, Π0 for pro�ts of farmers that decided not to hedge in the previous period, Π1 for pro�ts of farmers that

decided to hedge in the previous period, u for the utility function and umg for the marginal utility function.

Graphic 1 in �gure 2.1 shows that pro�ts are strictly convex and increasing function of spot
prices (proposition 1) and there exists a unique cross point8 between pro�ts of farmers that

8Where spot price is equal the contracted future price P = P̄ .
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decided to hedge in the previous period and farmers that decided not to hedge in the previous
period (proposition 2). It also shows that for spot prices bellow P̄ , the pro�ts of farmers that
decided to hedge in the previous period (Π1) are greater than the pro�ts of farmers that decided
not to hedge in the previous period (Π0), and this di�erence increases as spot price decreases9.
Graphic 2 shows that farmers that decided to hedge in the previous period have higher utility
levels than farmers that decided not to hedge, for spot prices bellow P̄ , and the di�erence
increases as spot price decreases. Graphic 3 shows the marginal utility for both farmers. It is
important to note that as spot price approaches low levels, the marginal utility of farmers that
decided not to hedge in the previous period is higher than the marginal utility of farmers that
decided to hedge in the previous period. Furthermore, since farmers utility function satis�es
Inada conditions, when spot price tends to zero the marginal utility tends to in�nity 10, therefore
the gain in utility when spot prices approaches zero for farmers that decided to hedge, relative
to farmers that decided not to hedge, is extremely high. Observe that in this speci�c extreme
case 11, the individual state variable h has the most important role, since the gain in utility
comes from the fact of farmers place the hedge in the previous period, no matter the proportion
of their production they decided to hedge. This result can be related with the results presented
by Collins (1997), since he shows that for high leveraged farmers there will exists a minimum
worst possible price that will generate a positive hedge value.

2.3 Hedge Decision

Let Πh∗

h′=0 be the optimal pro�t when farmer chooses not to hedge and Πh∗

h′=1 be the optimal
pro�t when choosing to hedge. Note that Πh∗

h′=1 = Πh∗

h′=0 − φ in equations 2.8 and 2.9. Fur-

thermore, using the fact that: V 0(P ′) = V (P ′) and V 1(P̂ ′) = V (P̂ ′), see equations 2.2 and 2.3.
Therefore, farmer will hedge his future production if and only if:

u(Πh∗

{h′=0}) + βE(V (P ′)/P ) ≤ u(Πh∗

{h′=0} − φ) + βE(V (P̂ ′)/P ) (2.11)

u(Πh∗

{h′=0})− u(Πh∗

{h′=0} − φ) ≤ βE(V (P̂ ′)/P )− βE(V (P ′)/P ) (2.12)

Therefore:

u(Πh∗

{h′=0})− u(Πh∗

{h′=0} − φ) ≤ β[E[(V (P̂ ′)− V (P ′)/P )]] (2.13)

Left hand side (LHS) of equation 2.13 shows the cost of hedging future production in current
period. The cost is the di�erence between the utilities of consumption when not hedging and
hedging. The di�erence in pro�ts, or consumption, is given by the hedge transaction cost, φ.
The right hand side (RHS) of equation 2.13 shows the future bene�t of hedging discounted by
the subjective factor β.

Proposition 3. Under the assumptions on the utility function, the cost of hedging future pro-
duction (LHS of equation 2.13) is a strictly positive, strictly decreasing and strictly convex
function of spot prices.

9Observe that for prices bellow P̄ farmers that decided to hedge have higher labor demand, therefore higher
pro�ts than farmers that decided not to hedge (proposition 2).

10Inada condition are: (i) lim
C→0

dU(C)
dC = +∞ and (ii) lim

C→∞
dU(C)
dC = 0

11Spot Price tends to zero: (P → 0)
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Proof. Under proposition 1, pro�ts are a strictly increasing and convex function of current

price, dΠ0∗

dP
> 0 and d2Π0∗

dP 2 > 0 . Since (1) utility function is strictly increasing u′(.) > 0, then
u(Πh∗

{h′=0}) − u(Πh∗

{h′=0} − φ) > 0, ∀φ > 0; (2) utility function is strictly concave, u′′(.) < 0,

i.e., marginal utility is a strictly decreasing function, then [u′(Πh∗

{h′=0})− u′(Πh∗

{h′=0}− φ)]dΠ0∗

dP
<

0, ∀φ > 0. (3) marginal utility function is strictly convex, u′′′(.) > 0, then [u′′(Πh∗

{h′=0}) −
u′′(Πh∗

{h′=0} − φ)]d
2Π0∗

dP 2 > 0, ∀φ > 0.

Proposition 3 shows that the cost of hedging in terms of utility is a decreasing function of
the current pro�t. Since pro�t is increasing on price level, then, the cost of hedging for farmers
is a decreasing function of current commodity price. The intuition is straightforward. Since
marginal utility is higher when consumption level is lower, when current price is low enough,
pro�t will be lower and the cost of hedge, φ, is relatively high for inducing farmers to hedge.
Note that the cost of hedging in the present period is independent of spot price probability
distribution. On the other hand, the RHS of equation 2.13, the bene�ts of hedging is dependent
of the assumptions on the distribution of spot price.

2.3.1 Mean Reverting Prices

As presented in the last section, costs of hedge is independent of spot prices distribution,
however the bene�ts of hedge is dependent on the assumptions of spot prices distribution.
Variations on farmers pro�ts come from the aggregate state variable, commodity spot price, and
the individual state variable, previous hedge decision. Regarding the aggregate state variable,
Figure 2.2 bellow shows corn, soybean, wheat and cotton spot prices and their cyclical and
trend components decomposed using Hodrick and Prescott �lter12. Since hedge is de�ned as
an insurance against low levels of consumption, we are interested in the cyclical component
of spot prices, which will a�ect farmers pro�ts and consumption. The left side of �gure 2.2
shows the trend and cyclical components. All commodities have the same behavior, the cyclical
component presents higher variations in the early and late period of the sample and the years
through 1950 up to 1970 presents a smoother behavior.

12For reference see Hodrick and Prescott (1997).
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Figure 2.2: Prices, Cyclical Component and Trend

Note: This �gure presents yearly January average spot prices received by US farmers and their decomposition

into cyclical and trend components of selected commodities calculated by the authors using Hodrick and Prescott

�lter. Spot prices were collected from US National Agricultural Statistical Services (NASS) database.

In order to consider the cyclical behavior of agricultural commodity spot prices, we assume
a mean reversing13 price distribution, in other words, we assume the expected prices are cyclical

13Evidence of mean reversion on US agricultural spot commodity prices are presented in Allen et al. (1994)
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around their unconditional mean.

Assumption 1. The price distribution f(P ) is given by: Pt+1 = E(P ) + λ[E(P )− Pt] + εt+1,
with εt+1 being i.i.d. with mean zero and variance σ2 > 0 (non-degenerate); λ ∈ [0, 1] and
P̄ = E(P ).

Assumption 1 supposes that spot prices are cyclical around the unconditional mean, E(P ),
for λ > 0. If 0 < λ < 1, prices, after a shock, are expected to revert to its long run mean in a
cyclical way, if λ = 1, once there is a shock, prices are expected to cyclically �uctuate around its
mean forever and if λ = 0, after a shock, spot price is expected to return instantaneously to its
unconditional mean. Moreover, we will assume that hedged price, P̄ , is equal the unconditional
mean of spot price, i.e., P̄ = E(P ).

In order to study the optimal hedge decision when spot prices follow probability distribution
described in assumption 1, we will investigate the two extreme possibilities for parameter λ.
We develop these two extreme cases in order to demonstrate the costs and bene�ts of hedge
when prices are mean reversing: i) no cyclical component, λ = 0 ,prices are identical and
independent distributed over time; and ii) perfect cyclical component, λ = 1, prices will be
expected to perfectly cycle the unconditional mean and contracted future price. Results show
that for the �rst case, no cyclical component, the bene�ts of hedging future production is a
positive and constant function of spot price and, therefore, pro�ts and the second case, perfect
cyclical component, the bene�ts of hedging future production is a strictly increasing function
of spot price and, therefore, pro�ts14. These results show that the bene�ts of hedge increases
as pro�ts and cyclical behavior of spot prices increase.

2.3.1.1 Case 1: λ = 0

In this case, any shock at current period is expected to have no e�ect on future spot price,
since, future spot price is expected to return to its unconditional mean next period.

Proposition 4. Under assumption 1. With λ = 0 and the assumptions on the utility function,
the bene�t of hedging future production (RHS of equation 2.13) is a positive and constant
function of spot price and, therefore, current pro�t.

Proof. Since λ = 0 and εt+1 is independent distributed, then the conditional is equal to uncon-
ditional distribution, therefore, [E[(V (P̂ ′)−V (P ′))]] is constant with respect to spot price and
pro�ts. In this case, price distribution f(P ) is identical and independent over time. So, we just
need to show that [E[(V (P̂ ′) − V (P ′))]] > 0. Note that V (P̂ ′) is de�ned over the composite
price: P̂ ′ = (1− n)P ′ + nP̄ . Since V (.) is strictly increasing, concave and continuous function;
E(.) is a linear operator with monotonicity property, then: E[V (P̂ ′)] > min[E(V (P ′));V (P̄ )],
with strictly inequality because σ2 > 0, n > 0 and P̂ ′ is a linear combination of P ′ and P̄ .
Finally, using Jensen's inequality for strictly concave functions, E(V (P ′)) < V (E(P ′)) = V (P̄ ),
hence E[V (P̂ ′)] > E(V (P ′)).

and Peterson et al. (1992), for a worldwide commodity prices, including agricultural, Cashin et al. (2002) and
Liang and McDermott (1999), and using equilibrium analysis with liquidity constraints Zhou (1998).

14Results for λ ∈ (0, 1) are intermediate results from λ = 0 to λ = 1.
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Figure 2.3 shows a graphical representation of propositions 3 and 4 and presents the costs of
hedge future production (LHS) and the bene�ts of hedge future production (RHS) for the case
which λ = 0, i.e., any shock on current spot price does not have any a�ect on future spot price.
In this case, composite future price, P̂ ′, is a linear combination between a non-degenerate
distribution P ′ and a degenerate distribution at P̄ , where E(P ′) = E(P̂ ′) = P̄ . Note that
proposition 4 assures that the distribution of P̂ ′ second order stochastically dominates P ′ (see
Hadar and Russell (1971)).

Figure 2.3: Hedge Decision Rule for λ = 0

Note: This �gure presents a graphical representation of propositions 3 and 4.P̄ stands for contracted future

price, LHS (left hand side) is the cost of hedge and RHS (right hand side) is the bene�ts of hedge.

This �gure shows that the cost of hedge future production (LHS of equation 2.13) is a
strictly positive and decreasing function of spot prices (proposition 3)and the bene�ts of hedge
(RHS of equation 2.13) is a positive and constant function of spot prices (proposition 4). This
result have two important aspects. First, bellow P̄ the cost of hedge is higher than the bene�ts
of hedge, and second, above P̄ the costs of hedge is lower than the bene�ts of hedge. Remember
that pro�ts is a strictly increasing function of spot prices, therefore, in the �rst case, spot prices
are low, which implies that pro�ts are low and, given the assumptions on the utility function,
the marginal utility is high, then the cost of hedge is high in terms of utility preventing the
farmer to hedge. In the second case, prices are high, which implies that pro�ts are high and
the marginal utility is low, then the cost of hedge is low in terms of utility, allowing the farmer
to hedge his future production.

2.3.1.2 Case 2: λ = 1

In this case, expected prices have a perfect cyclical component, any shock at current period
will generate prices that will be expected to perfectly cycle the unconditional mean and the
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contracted future price.
For λ = 1 and E(P ) = P̄ , note that: E(P ′/P ) = [E(P ) − P ] + E(P ) = [P̄ − P ] + P̄ .

Therefore, any initial shock will be expected to perfectly cycle around the unconditional mean
and the contracted hedge price:

� If P > E(P ) = P̄ , so E(P ′/P ) < E(P ) = P̄ .

� If P < E(P ) = P̄ , so E(P ′/P ) > E(P ) = P̄ .

� If P = E(P ) = P̄ , so E(P ′/P ) = E(P ) = P̄ .

Proposition 5. Under assumption 1 with λ = 1 and the assumptions on the utility function,
the bene�t of hedging future production (RHS of equation 2.13) is a strictly increasing function
of spot price, P, and therefore, pro�ts.

Proof. First, note that for each spot price, P , conditional variance of P ′ equals to V ar(P ′/P ) =
σ2 and conditional variance of P̂ ′ equals to V ar(P̂ ′/P ) = (1−n)2σ2. Therefore, for each current
spot price P , the distribution of composite price under hedging has a lower variance, for all

n > 0. Moreover, dE(P ′/P )
dP

= −1 and dE(P̂ ′/P )
dP

= −(1−n), hence, the di�erence between expected

future composite price and expected future spot price, E(P̂ ′/P ) − E(P ′/P ), is increasing in
current spot price, P . Since V (.) is strictly increase and strictly concave then expected bene�ts
of hedging is strictly increasing in P.

Figure 2.4 shows a graphical representation of propositions 3 and 5 and presents the costs
of hedge future production (LHS of equation 2.13) and the bene�ts of hedge future production
(RHS of equation 2.13) for the case which λ = 1, i.e. any shock at current spot price will make
the expected spot price perfectly cycle the unconditional mean and the contracted future price.
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Figure 2.4: Hedge Decision Rule for λ = 1

Note: This �gure presents a graphical representation of propositions 3 and 5.P̄ stands for contracted future

price, LHS of equation 2.13 is the cost of hedge and RHS of equation 2.13 is the bene�t of hedge.

This �gure shows that the cost of hedging future production (LHS of equation 2.13) is
a strictly positive and decreasing function of spot prices (proposition 3) and the bene�ts of
hedge future production (RHS of equation 2.13) is a strictly increasing function of spot prices
(proposition 5). First, it is interesting to note that prices are perfectly mean reversing i.e. if
spot prices are above P̄ , expected prices will be bellow P̄ (If P > E(P ) = P̄ , so E(P ′/P ) <
E(P ) = P̄ ), and if spot prices are bellow P̄ , expected prices will be above P̄ (If P < E(P ) = P̄ ,
so E(P ′/P ) > E(P ) = P̄ ).

For λ = 1, cost of hedging for a farmer follows the same analysis as presented in the case
of λ = 0: higher the spot prices imply higher pro�ts and, given the assumptions on the utility
function, lower the marginal utility and therefore the relative cost of hedging future production.

The bene�ts of hedging future production is in�uenced by the cyclical component of spot
prices when λ = 1. If spot prices are high enough (above P̄ ), expected future spot prices will
be lower (below P̄ ), then the expected bene�ts of hedging future production are high. On the
other hand, if spot prices are low enough (below P̄ ), future expected spot prices will be high
(above P̄ ) and the expected bene�ts of hedge future production are low.

Figure 2.4 shows the optimal strategy for hedge when λ = 1. For spot prices below P̄ , the
cost of hedge, in terms of utility, is high and the bene�ts of hedge is low, since expected future
spot price is high, then the costs are higher than the bene�ts of hedging future production.
For spot prices above P̄ , cost of hedge is low, in terms of utility, and the bene�ts of hedge are
high, since expected future spot price is low, then the costs are lower than expected bene�ts
of hedging production. Therefore, farmer is more likely to hedge when spot prices are high.
Observe that pro�t is a strictly increasing function of spot prices, so �gure 2.4 shows that
farmers with high pro�ts have more bene�ts than costs of hedging future production, hence,
more pro�table farmers are more likely to hedge.
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Results presented on case 1 and case 2 for mean reversing prices with λ = 0 and λ = 1 show
that farmers pro�tability is an important factor on farmers decision of hedge future production
and solves the puzzle presented early in this paper, explaining the empirical �nds presented
in Hanson and Pederson (1988), Harwood et al. (1999), GAO/RCED (1999), Edelman et al.
(1990), Makus et al. (1990) and Dorfman et al. (2010) of farmers with higher pro�ts hedging
more than farmers with lower pro�ts, since our results show that higher the pro�ts, lower the
costs, in terms of utility, and higher the bene�ts of hedge future production.

2.4 Concluding Remarks

We use search theory framework to analyze farmers non convex choice of hedging future
production. The resulted optimal hedge behavior is fully characterized by a threshold spot
price P̄ : for spot prices lower than P̄ , farmer will choose not to hedge and for spot prices
higher than P̄ , farmer will choose to hedge future production.

In this paper, we show that farmers pro�ts have a positive e�ect on their decision of hedge
future production, since we �nd that farmers with high pro�ts have lower costs, in terms of
utility, and higher bene�ts of hedging future production than farmers with low pro�ts, o�ering
an explanation for the puzzle created by empirical �nds showing a positive relationship between
farmers pro�ts and use of hedge, which is the opposite result of theoretical models of hedge
decision.

On the other hand, we show that for spot prices bellow the contracted future price, farmers
that decided to hedge in the previous period have more pro�ts than farmers that decided not
to hedge in the previous period and for very low spot prices levels the gains in terms of utility
are very high for farmers that decided to hedge, compared with farmers that decided not to
hedge. This result corroborates Telser (1955) and Collins (1997) theoretical �nds.

Furthermore, our results show that the costs of hedging future production in terms of
utility is a decreasing function of current pro�t and the bene�ts of hedge future production
is dependent on the assumptions of the distributions of commodity spot prices. As presented
by �gure 2.2, agricultural commodity spot prices received by US farmers behaves cyclically,
so we develop two extreme cases and we �nd that for no cyclical component the bene�ts of
hedging future production is a positive and constant function of spot price and, therefore,
current pro�ts and for the perfect cyclical component the bene�ts of hedging future production
is a strictly increasing function of spot price and, therefore, current pro�ts. Summarizing, we
�nd that higher the farmer's pro�ts, lower the costs, in terms of utility, and higher the bene�ts
of hedging future production.
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Chapter 3

Taxation Versus Financial Markets:

Optimal Fiscal Policy on Agricultural

Sector

3.1 Introduction

This paper proposes a further application of the theory of optimal taxation exposed by
Ramsey (1927) and later developed by Lucas and Stokey (1983) and Chamley (1986) to an
economy which agricultural �rms output is stochastic and focus on how optimal tax on labor
a�ect farmers' welfare and �nancial markets.

Ramsey (1927) answers the question of how government should adjust distortionary taxes
in order to maximize household welfare. Using a static economy of one representative consumer
and various goods, which are taxed in a �at rate in order to �nance government expenditures
on consumption goods at market prices, he shows that the best goods to be taxed are the
ones with low demand elasticity and if preference is symmetric between two goods, they should
be taxed at the same rate. Lucas and Stokey (1983) extended Ramsey (1927) for a dynamic
context characterized to answer how the government should adjust tax over time in order to
maximize welfare. Using an economy without capital, households preferences are de�ned on
consumption and leisure, government �nances its expenditures, which are stochastic, taxing
labor and issuing debt. Lucas and Stokey (1983) �nds that debt issues and retirement smooths
tax distortions for a government with erratic expenditures and so, economic welfare can be
maximized at a continuous budget balance. Assessing Ramsey problem, Chamley (1986) �nds
that tax on capital income should be zero, in the long run, in order to maximize the welfare
and a permanent tax on income in an economy with heterogeneous agents, which live in�nitely,
is not an e�cient policy of redistribution.

We seek to answer the question of how government adjusts taxation in order to maximize
farmers welfare. Farmers are de�ned as agricultural �rms, which hedge a proportion of their
crops. A short hedge position eliminates the price risk when prices fall, if government uses
taxes as a tool to maximize farmers' welfare it is competing or eliminating the importance of
futures markets, since hedge becomes an alternative to governmental aid.

Long run results replicates Ramsey (1927) results for a dynamic economy with agricultural
sector, lag of production and complete markets, moreover, lower the concavity of the production
function with respect to labor, lower should be the taxation on labor income with respect to
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taxation on consumption.
Furthermore our short run results are original contributions. It is demonstrated that, for

the model with agricultural productivity shocks, optimal �scal policy will use labor taxation to
smooth out farmer's pro�ts and consumption and this Ramsey government reaction is higher
when farmer's pro�ts and shocks are more related. Therefore, an important implication of this
results is that economies where agricultural sector is more labor intensive and, consequently,
shocks and labor utilization a�ects more farmer's pro�t, Ramsey government must interfere
more throughout changing the timing of taxation and, therefore, decreasing the importance of
future markets1.

The remainder of this chapter is divided as follows. In section 3.2 we present our model
for the representative household and representative farmer and show a capital asset pricing
analysis for both agents. Section 3.3 brings this the competitive equilibrium for this economy.
Section 3.4 solves Ramsey government problem and section 3.5 summarizes our �ndings.

3.2 The Model

The economy is composed by four agents: a representative household, a representative
farmer, industrial �rm and government. For each period, representative household supplies
labor for farmers and buys agricultural good (good 1) and industrial good (good 2) for con-
sumption, futures contracts from representative farmer, bonds, b, from government and/or
farmers and a complete set of Arrow securities, θ. Hers income is formed from wages, w, in-
terest on bonds, i, Arrow securities, as well as, the return on hers hedge position. Farmers sell
future contracts to households, so the price she will receive for the agricultural good is formed
by a proportion2 of a known price from futures contract, f , and unknown price from market, P .
Government revenue comes from taxes on industrial good consumption and labor income. Gov-
ernment also participates of �nancial markets by buying/selling bonds and/or Arrow securities.
For simplicity, there are no costs of hedge in the model.

Timing in this model is in�uenced by crop period and there is a time delay between planting
and harvesting that must be accounted on farmers maximization problem. In order to consider
this time delay, farmers production timing is de�ned as follows: at t, they choose input demand,
Lt, and pay the cost of labor; at t + 1, they harvest the quantity, At+1(st+1)F (Lt), where
At+1(st+1)F (Lt) is the stochastic total factor productivity which depends on the aggregate
shock, the future state, st+1. At t, they also chose to sell futures contracts and hedge the
quantity ht+1, so when selling the production they will receive the price (ft − Pt+1)ht+1 if and
only if ht+1 6= 0. The representative household chooses at t his consumption on both goods,
agricultural and industrial3, C1

t,H and C2
t,H , and the supply of labor, lt. Observe that the supply

of labor matches the representative farmer demand at t. They also receive interest from bonds
and Arrow securities they bough and the gain/loss from futures position from last crop. 4

Observe that at t + 1 farmers are selling the production and closing the futures position, so
households will receive (Pt+1 − ft)ht+1 if and only if ht+1 6= 0.

1Using capital asset pricing analysis we also prove theoretically the concept of normal backwardation.
2The proportion is de�ned by the quantity of production the farmer choose to hedge.
3Households consume C1

t,H at period t of agricultural good from farmers production AtF (Kt−1, Lt), i. e.,
the production of t with the inputs chosen at t− 1.

4Households at t choses to buy ht+1 futures contracts what, in equilibrium, must match farmers o�ers of
sell futures contracts in the market.
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Industrial �rms produce industrial good for households consumption and government ex-
penditure. They do not participate on �nancial markets and have a static problem. Industrial
production function is de�ned over one input, agricultural goods. Let the quantity of agricul-
tural goods used to produce industrial goods at period t be Kt.

Government revenue comes from taxes on consumption of households and farmers from
industrial goods, good 2, τ 2

t and taxes on labor income received by households, τ lt . Let govern-
ment expenditures be deterministic, gt, each period. Since government spending can be greater
the revenues from taxes it can �nance the de�cit selling bonds, bgt and/or a complete set of
Arrow securities, θgt (st+1). Let it+1 be the one-period interest rate known at t and Qt(st+1, st)
be a pricing Kernel.

The only shock in the economy, st, a�ects agricultural productivity, At(s
t). It is assumed

that the state st follows a n-state Markov chain with transition probability Π(st+1/st). All
alocations and prices must be indexed by time, t, and history (st).

Assumption 1. The instantaneous utility function for households and farmers are additively
separable on its arguments. Moreover, they present constant relative risk aversion (CRRA),

i.e., −ujii(t)C
i
t,j

uji (t)
= σji , ∀j ∈ {H,F} and ∀i ∈ {1, 2, 3}.

Assumption 1 guarantees that the marginal utility for each good and for each agent is a
function of just one argument, i.e., the cross derivative ∂u

∂xi∂xm
equals zero. Furthermore, note

that by assuming CRRA, parameter σji also determines that price elasticity is constant and
equals to: |ηji | = 1

σj
i

.

3.2.1 Representative Household Problem

The representative household lives in�nitely and maximizes its lifetime utility function,
which is de�ned over the agricultural good C1

t,H(st), industrialized good C2
t,H(st) and leisure

(1− lt,H(st)). It is assumed that households have 1 unity of time endowment to spend between
leisure and work time. Household utility function u(C1

t,H(st), C2
t,H(st), (1− lt,H(st))) is strictly

increasing and strictly concave in all arguments and the subjective discount factor is β ∈ (0, 1).
The representative agent chooses, for each period, consumption of agricultural good, C1

t,H(st),
consumption of industrialized good C2

t,H(st), leisure (1 − lt,H(st)), quantity of future contract
for the agricultural good, ht+1,H(st), real bonds,bt+1,H(st) and Arrow securities, θt+1,H(st+1).

De�ne the industrialized good as the numeraire. Then, let Pt(s
t) be the relative price of the

agricultural good at t in terms of the industrialized good, wt(s
t) be the relative wage rate at t

and ft(s
t) be the price of agricultural good future contract at period t, in terms of industrial

good.
Representative household solves the following problem, with β ∈ (0, 1):

max
{C1

t,H(st),C2
t,H(st),ht+1,H(st),lt,H(st),bt+1,H(st),{θt+1,H(st+1)}st+1}

∞
t=0

∞∑
t=0

βtu(C1
t,H(st), C2

t,H(st), (1−lt,H(st)))Π(st)

(3.1)
subject to:
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(3.2)

Pt(s
t)C1

t,H(st) + (1 + τ 2
t (st))C2

t,H(st) + ft−1ht,H + Pt(s
t)bt+1,H(st)

+
∑
st+1

Pt(s
t)Qt(st+1, st)θt+1,H(st+1) = (1− τ lt (st))wt(st)lt,H(st)

+ Pt(s
t)ht,H + (1 + it)Pt(s

t)bt,H + Pt(s
t)θt,H(st)

and

C1
t,H(st) ≥ 0, C2

t,H(st) ≥ 0, ht+1,H(st) ≥ 0, lt,H(st) ∈ [0, 1] (3.3)

Representative household budget constraint shows that households consumption and savings
in bonds, future contracts and Arrow securities are restrained by their income from labor and
income from the return on her wealth de�ned in the previous period. The budget constraint
must hold for all periods, t and all possible histories, st.

Let λt,H(st) and µt,H(st) be the Lagrangian multipliers for the budget constraint and the
non-negativity constraint on hedge choice, respectively. Then, the First Order Conditions are,
∀t and ∀st:

dL
dC1

t,H(st)
= E0[βtu1(C1

t,H(st), C2
t,H(st), (1− lt,H(st)))− λt,H(st)Pt(s

t)] = 0 (3.4)

dL
dC2

t,H(st)
= E0[βtu2(C1

t,H(st), C2
t,H(st), (1− lt,H(st)))− λt,H(st)(1 + τ 2

t (st))] = 0 (3.5)

dL
dlt,H(st)

= E0[βtu3(C1
t,H(st), C2

t,H(st), (1− lt,H(st)))(−1) +λt,H(st)(1− τ lt (st))wt(st)] = 0 (3.6)

dL
dbt+1,H(st)

= E0[−λt,H(st)Pt(s
t) + λt+1,H(st+1)Pt+1(st+1)(1 + it+1(st))] = 0 (3.7)

dL
dht+1,H(st)

= E0[λt+1,H(st+1)(Pt+1(st+1)− ft(st)) + µt,H(st)] = 0 (3.8)

dL
dµt,H(st)

= ht+1,H(st) ≥ 0, µt,H(st)ht+1,H(st) = 0 (3.9)

dL
dθt+1,H(st+1)

= −λt,H(st)Pt(s
t)Qt(st+1, st) + λt+1,H(st+1)Pt+1(st+1)Π(st+1/s

t) = 0, ∀st+1

(3.10)
Using equations 3.4 and 3.5, marginal rate of substitution between agricultural and indus-

trialized consumption good equals Pt(st)

(1+τ2t (st))
= u1(.)

u2(.)
. Equations 3.6, 3.4 and 3.5, the marginal

rate of substitution between leisure and agricultural consumption is
(1−τ lt(st))wt(st)

Pt(st)
= u3(.)

u1(.)
and

leisure with industrial consumption is
(1−τ lt(st))wt(st)

(1+τ2t (st))
= u3(.)

u2(.)
.

32



3.2.1.1 Representative Household CAPM Analysis

Although the model presents complete markets, then any asset can be replicated by a
portfolio of Arrow securities, we explicitly add bonds and hedge in the agent's sequential budget
constraint in order to easily get, from �rst order conditions, asset prices and returns. Hence,
we are able to analyze the behavior of hedge price and return using capital asset pricing model
(CAPM).

Substituting 3.4 into 3.7 and using the fact that they hold for all periods and histories:

Et

[
β
u1(C1

t+1,H(st+1), C2
t+1,H(st+1), (1− lt+1,H(st+1)))

u1(C1
t,H(st), C2

t,H(st), (1− lt,H(st)))

]
=

[
1

(1 + it+1(st))

]
(3.11)

Simplifying notation, and using assumption 1:

Et

[
β
u1(t+ 1)

u1(t)

]
=

[
1

(1 + it+1(st))

]
(3.12)

From equations 3.10 and 3.7:

Et

[
β
u1(t+ 1)

u1(t)

]
=
∑
st+1

Qt(st+1, st) (3.13)

Equations 3.12 and 3.13 shows that a portfolio with one unit of each Arrow security has

the same price than buying
[

1
(1+it+1(st))

]
units of one-period real bonds, since both �nancial

strategies pay one unit of agricultural good at t+ 1 (no arbitrage result).
From equations 3.8 and 3.9, we have that:

0 = Et

[
βt+1u1(t+ 1)

(Pt+1(st+1)− ft(st))ht+1

Pt+1(st+1)

]
(3.14)

Dividing equation above by βtu1(t)
Pt(st)

0 = Et

[
β
u1(t+ 1)

u1(t)
Pt(s

t)
(Pt+1(st+1)− ft(st))ht+1

Pt+1(st+1)

]
(3.15)

0 = Et

[
β
u1(t+ 1)

u1(t)

(Pt+1(st+1)− ft(st))ht+1

(Pt+1(st+1)
Pt(st)

)

]
(3.16)

Assume β u1(t+1)
u1(t)

= m1
t+1,H , where m

1
t+1,H is the household subjective stochastic discount

factor.

0 = Et

[
m1
t+1,H

(Pt+1(st+1)− ft(st))ht+1

(Pt+1(st+1)
Pt(st)

)

]
(3.17)

Equation 3.17 shows the well-known asset pricing general formula. Note that the price
of hedging is zero since it is assumed there is no transaction cost for hedge. Hence, price of
hedge is equal to the future expected payo�, in terms of agricultural good, discounted by the
subjective stochastic factor.
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Note that h∗t+1 > 0 if and only if µt = 0 for all t. Therefore, if we are looking for an interior
solution, we can write equation 3.17 as:

Et

[
(Pt+1(st+1)− ft(st))

(Pt+1(st+1)
Pt(st)

)

]
=

−Covt

(
m1
t+1,H ,

(Pt+1(st+1)−ft(st))

(
Pt+1(s

t+1)

Pt(s
t)

)

)
Et[m1

t+1,H ]
(3.18)

Substituting equation 3.12 into equation above:

Et

[
(Pt+1(st+1)− ft(st))

(Pt+1(st+1)
Pt(st)

)

]
=

−Covt

(
m1
t+1,H ,

(Pt+1(st+1)−ft(st))

(
Pt+1(s

t+1)

Pt(s
t)

)

)
[

1
(1+it+1(st))

] (3.19)

Proposition 1. For an interior solution, in the optimal:

� If Covt

(
m1
t+1,H ,

(Pt+1(st+1)−ft(st))

(
Pt+1(s

t+1)

Pt(s
t)

)

)
> 0 then hedge payo� is expected to be positive, on

average.

� If Covt

(
m1
t+1,H ,

(Pt+1(st+1)−ft(st))

(
Pt+1(s

t+1)

Pt(s
t)

)

)
< 0 then hedge payo� is expected to be negative, on

average.

Proof. Using equation 3.19, it is straightforward to show that if covariance of the stochastic
discount factor and hedge payo� is positive (negative), the right hand side of equation 3.19 is

negative (positive) and for the equality holds Et

[
(Pt+1(st+1)−ft(st))

(
Pt+1(s

t+1)

Pt(s
t)

)

]
< 0 (Et

[
(Pt+1(st+1)−ft(st))

(
Pt+1(s

t+1)

Pt(s
t)

)

]
>

0). Mathematically:

Covt

(
m1
t+1,H ,

(Pt+1(st+1)− ft)
(Pt+1(st+1)

Pt(st)
)

)
> 0 ⇐⇒ Et

[
(Pt+1(st+1)− ft(st))

(Pt+1(st+1)
Pt(st)

)

]
< 0 (3.20)

Covt

(
m1
t+1,H ,

(Pt+1(st+1)− ft(st))
(Pt+1(st+1)

Pt(st)
)

)
< 0 ⇐⇒ Et

[
(Pt+1(st+1)− ft(st))

(Pt+1(st+1)
Pt(st)

)

]
> 0 (3.21)

Proposition 1 shows that if representative household expects low level of future consumption
to be positive related with hedge payo�, then, hedge pays more when future consumption is
low. Hedge works as a insurance against low level of agricultural consumption for representative
household. Therefore, in the optimal, hedge is expected to pay negative payo�s for households,
on average

The contrary is also true. If representative household expects low level of future consumption
to be negative related with hedge payo�, then, hedge pays more when future consumption is
high. Hedge in this case is a risky asset, therefore, in the optimal, hedge is expected to pay
positive payo�s for households, on average. In this scenario, households are providing insurance
for farmers. Since they are risk averse, then, in equilibrium, hedge risk premiummust be positive
for households.
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3.2.2 Representative Farmer and Industrial Firm Problem

Firms live in�nitely and maximize its pro�ts. On agricultural sector, farmers hedge its
output by the quantity ht+1 with future price ft. Observe that in order to hedge its output
farmers go to the market and sell h in futures contracts. So ftht+1 is non-negative. Production
price is P . The utility function u(.) is de�ned over agricultural and industrial good consumption
such that u

′ ≥ 0 and u
′′ ≤ 0 for both arguments. In the current period, farmers choose its

labor demand and the future quantities of hedge ht+1, bonds bt+1 and Arrow securities for each
possible future state, θt+1,F (st+1),∀st+1. There is uncertainty with respect to the future total
factor productivity in the agricultural sector.

3.2.3 Representative Farmer Problem

Farmer's problem is:

max
{C1

t,F (st),C2
t,F (st),ht+1,F (st),Lt,F (st),bt+1,F (st),{θt+1,F (st+1,st)}st+1}

∞
t=0

∞∑
t=0

βtu(C1
t,F (st), C2

t,F (st))Π(st)

(3.22)
subject to:

(3.23)

Pt(s
t)C1

t,F (st) + (1 + τ 2
t (st))C2

t,F (st) + Pt(s
t)bt+1,F (st) +

∑
st+1

Pt(s
t)Qt(s

t)θt+1,F (st+1, st)

= Pt(s
t)[At(s

t)F (Lt−1,F )− ht,F ] + ft−1ht,F − wt(st)Lt,F (st)

+ (1 + it)Pt(s
t)bt,F + Pt(s

t)θt,F (st) ∀t, ∀st

C1
t,F (st) ≥ 0, C2

t,F (st) ≥ 0, Lt,F (st) ≥ 0, ht+1,F (st) ≥ 0 ∀t,∀st (3.24)

with, given:

P0A0F (L−1)− h0 = W0 ≥ 0 (3.25)

First Order Conditions

dL
dC1

t,F (st)
= E0[βtu1(C1

t,F (st), C2
t,F (st))− λt,F (st)Pt(s

t)] = 0 (3.26)

dL
dC2

t,F (st)
= E0[βtu2(C1

t,F (st), C2
t,F (st))− λt,F (st)(1 + τ 2

t (st))] = 0 (3.27)

dL
dLt,F (st)

= E0[−λt,F (st)wt(s
t) + λt+1,F (st)Pt+1(st+1)At+1(st+1)FL(Lt,F (st)] = 0 (3.28)

dL
dbt+1,F (st)

= E0[−λt,F (st)Pt(s
t) + λt+1,F (st+1)Pt+1(st+1)(1 + it+1(st))] = 0 (3.29)
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dL
dht+1,F (st)

= E0[−λt+1,F (st+1)(−Pt+1(st+1) + ft(s
t)) + µt,F (st)] = 0 (3.30)

dL
dµt,F (st)

= ht+1,F (st) ≥ 0, µt,F (st)ht+1,F (st) = 0 (3.31)

dL
dθt+1,F (st+1, st)

= −λt,F (st)Pt(s
t)Qt(s

t) + λt+1,F (st+1)Pt+1(st+1)Π(st+1/s
t) = 0, ∀st+1

(3.32)

Dividing equation 3.30 by βt u1(t)
Pt(st)

and simplifying notation:

0 = Et

[
β
u1(t+ 1)

u1(t)

(ft(s
t)− Pt+1(st+1))
Pt+1(st+1)
Pt(st)

ht+1(st)

]
(3.33)

Assume β u1(t+1)
u1(t)

= m1
t+1,F , where m

1
t+1,F is the farmer's stochastic discount factor. More-

over, let ht+1(st) be an interior solution (µt = 0), then:

Et[
(ft(s

t)− Pt+1(st+1))
Pt+1(st+1)
Pt(st)

] =

−Covt(m1
t+1,F ,

(ft(st)−Pt+1(st+1))
Pt+1(s

t+1)

Pt(s
t)

)

Et(m1
t+1,F )

(3.34)

By equations 3.26 and 3.29: Et[β
u1(t+1)
u1(t)

] = 1
1+it+1(st)

, therefore, Et(m
1
t+1,F ) = 1

1+it+1(st)
.

Substituting into equation 3.34:

Et[
(ft(s

t)− Pt+1(st+1))
Pt+1(st+1)
Pt(st)

] =

−Covt(m1
t+1,F ,

(ft(st)−Pt+1(st+1))
Pt+1(s

t+1)

Pt(s
t)

)

1
1+it+1(st)

(3.35)

3.2.3.1 Representative Farmer CAPM Analysis

Proposition 2. For an interior solution, in the optimal:

� If Covt(C
1
t+1,F (st+1), Pt+1(st+1)) > 0 then hedge payo� is expected to be negative, on av-

erage.

� If Covt(C
1
t+1,F (st+1), Pt+1(st+1)) < 0 then hedge payo� is expected to be positive, on aver-

age.

Proof. Using equation 3.35, if covariance of future consumption and future spot price is posi-
tive (negative) then the covariance of future consumption and the payo� of hedge is negative
(positive), therefore, using the fact that the marginal utility decreases on consumption, the co-
variance between the stochastic discount factor and hedge future payo� is positive (negative).
Hence, expected future hedge payo� is expected to be negative (positive):

Covt(C
1
t+1,F (st+1),

(ft(s
t)− Pt+1(st+1))
Pt+1(st+1)
Pt(st)

) < 0 ⇐⇒ Covt(m
1
t+1,F ,

(ft(s
t)− Pt+1(st+1))
Pt+1(st+1)
Pt(st)

) > 0

(3.36)
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Covt(m
1
t+1,F ,

(ft(s
t)− Pt+1(st+1))
Pt+1(st+1)
Pt(st)

) > 0 ⇐⇒ Et[
(ft(s

t)− Pt+1(st+1))
Pt+1(st+1)
Pt(st)

] < 0 (3.37)

Proposition 2 shows that if farmer expects his future consumption and pro�ts to be nega-
tively related to the hedge payo�, then, hedge pays more when future pro�ts and consumption
is low. In this case, hedge works as an insurance against low levels of pro�ts, therefore, in the
optimal, hedge is expected to pay negative payo�s, on average. The inverse is also true. If
farmer expects his future consumption, therefore, future pro�ts to be positive related to the
hedge payo�, then hedge is actually a risky asset, therefore, in the optimum, hedge is expected
to have a positive payo�, as shown by the second item of proposition 2.

One important note is that propositions 1 and 2 proves theoretically the concept of normal
backwardation5. If farmers and households expects future consumption to be negatively related
to the hedge payo�: i) proposition 2 shows that hedge for farmers works as an insurance against
low levels of pro�ts, therefore, in the optimal, hedge is expected to pay negative payo�s, on
average; ii) and proposition 1 shows that hedge for households is a risky asset, therefore, in
the optimal, hedge is expected to pay positive payo�s for households, on average. In this
scenario, households are providing insurance for farmers and since households are risk averse,
in equilibrium, hedge risk premium must be positive for households.

3.2.4 Firms Industrial Sector

Firms live in�nitely and maximize its pro�ts. Industrial production uses agricultural good
as input and there is no uncertainty for industrial good production. Firms industrial sector
problem is actually a sequence of static problems, so for all periods and histories, industrial
sector �rms solve:

max
{Kt(st)}

G(Kt(s
t))− Pt(st)Kt(s

t) ∀t, ∀st (3.38)

GK(Kt(s
t)) = Pt(s

t) (3.39)

3.3 Competitive Equilibrium De�nition

A competitive equilibrium for this economy is a sequence of allocations for representative
households {C1

t,H(st), C2
t,H(st), ht+1,H(st), lt,H(st), bt+1,H(st), {θt+1,H(st+1, st)}st+1}∞t=0, for farm-

ers {C1
t,F (st), C2

t,F (st), ht+1,F (st), Lt,F (st), bt+1,F (st), {θt+1,F (st+1, st)}st+1}∞t=0, and a sequence of
prices {Pt(st), it+1(st), wt(s

t), ft(s
t)}∞t=0, such that, for a given government �scal police {gt(st),

bgt+1(st), {θgt+1(st+1, st) τ
2
t (st), τ lt (s

t)}∞t=0, given stochastic process for {At(st)}∞t=0 and given initial
conditions for agricultural production:

(I) {C1
t,H(st), C2

t,H(st), ht+1,H(st), lt,H(st), bt+1,h(s
t), {θt+1,H(st+1, st)}st+1}∞t=0 solves represen-

tative household problem.

5See Keynes (1930)
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(II) {C1
t,F (st), C2

t,F (st), ht+1,F (st), Lt,F (st), bt+1,F (st), {θt+1,F (st+1, st)}st+1}∞t=0 solves repre-
sentative farmers problem.

(III) {Kt(s
t)}∞t=0 is such that: Pt(s

t) = FK(Kt)(s
t).

(IV ) Government balanced budget holds Ptb
g
t+1 +

∑
st+1

Pt(s
t)Qt(s

t)θgt+1(st+1, st) = (1 +

it)b
g
t + Pt(s

t)θgt (st) + gt − τ 2
t (st)C2

t,H(st)− τ lt (st)wt(st)lt,H(st)− τ 2
t (st)C2

t,F (st), ∀t
(V ) Markets Clearing, ∀t and ∀st:

C1
t,H(st) + C1

t,F (st) +Kt(s
t) = At(s

t)F (Lt−1) (3.40)

C2
t,H(st) + C2

t,F (st) + gt = G(Kt(s
t)) (3.41)

lt,H(st) = Lt,F (st) (3.42)

bgt+1(st) = bt+1,H(st) + bt+1,F (st) (3.43)

ht+1,H(st) = ht+1,F (st) (3.44)

θgt+1(st+1, st) = θt+1,H(st+1, st) + θt+1,F (st+1, st), ∀st+1 (3.45)

3.4 Ramsey Government Problem

With distortionary �at rate taxation, the competitive equilibrium is not Pareto optimal.
Then, in order to �nd the second best alternative it is necessary to solve the Ramsey government
problem. The idea is to �nd the set of government policies {bgt+1(st), {θgt+1(st+1, st) τ 2

t (st),
τ lt (s

t)}∞t=0 such that the government budget constraint is satis�ed, for given {gt(st)}∞t=0,st∈S,
and it maximizes the social welfare. In other words, government is minimizing the deadweight
loss of taxation for agents, hence, Ramsey taxation is the least costly way of using distortionary
taxes.

Ramsey government maximizes the welfare subject to two sets of constraints. The imple-
mentability constraints guarantees that the allocations chosen by Ramsey government is imple-
mentable as a competitive equilibrium and the aggregate resources constraints that guarantees
that the allocations chosen by Ramsey government are feasible.

3.4.1 Implementability Constraints

In order to �nd both implementability constraints, we will use households and farmers
intertemporal budget constraint and substitute for prices and taxation. It is assumed that both,
households and farmers has no initial �nancial debt or wealth. The households intertemporal
budget constraint can be written as:

∑
st∈S

∞∑
t=0

1

1 + it(st)
[Pt(s

t)C1
t,H(st) + (1 + τ 2

t (st))C2
t,H(st)− (1− τ lt (st))wt(st)lt(st)] = 0 (3.46)
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Household's problem with complete markets is:

max
{C1

t,H(st),C2
t,H(st),lt(st)}∞

t=0,st∈S

∑
st∈S

∞∑
t=0

βtu(C1
t,H(st), C2

t,H(st), (1− lt)(st))Πt(s
t) β ∈ (0, 1)

(3.47)
subject to:

∑
st∈S

∞∑
t=0

1

1 + it(st)
[Pt(s

t)C1
t,H(st) + (1 + τ 2

t (st))C2
t,H(st)− (1− τ lt (st))wt(st)lt(st)] = 0 (3.48)

From �rst order conditions and using the fact that they hold for all periods and histories:

u2(C1
t,H(st), C2

t,H(st), 1− lt(st))
u1(C1

t,H(st), C2
t,H(st), 1− lt(st))

=
(1 + τ 2

t (st))

Pt(st)
(3.49)

u3(C1
t,H(st), C2

t,H(st), 1− lt(st))
u1(C1

t,H(st), C2
t,H(st), 1− lt(st))

=
wt(s

t)(1− τ lt (st))
Pt(st)

(3.50)

Pt(s
t)

1 + it(st)
=
βtu1(C1

t,H(st), C2
t,H(st), 1− lt(st))Πt(s

t)

u1(C1
0,H(s0), C2

0,H(s0), 1− l0(s0))
(3.51)

Using �rst order equations (3.49, 3.50 and 3.51) into equation 3.52 to substitute out for
prices and taxes and omitting the history dependence of the variables to simplify notation:

∑
st∈S

∞∑
t=0

1

1 + it
[PtC

1
t,H + (1 + τ 2

t )C2
t,H − (1− τ lt (st))wtlt] = 0 (3.52)

∑
st∈S

∞∑
t=0

Pt
1 + it

[C1
t,H +

(1 + τ 2
t )

Pt
C2
t,H −

wt(1− τ lt (st))
Pt

lt] = 0 (3.53)

∑
st ∈S

∞∑
t =0

βtu1(C1
t,H , C

2
t,H , 1− lt)Πt(s

t)

u1(C1
0,H , C

2
0,H , 1− l0)

[C1
t,H +

u2(C1
t,H , C

2
t,H , 1− lt)

u1(C1
t,H , C

2
t,H , 1− lt)

C2
t,H −

u3(C1
t,H , C

2
t,H , 1− lt)

u1(C1
t,H , C

2
t,H , 1− lt)

lt]

= 0
(3.54)

(3.55)

∑
st ∈S

∞∑
t =0

βtΠt(s
t)

u1(C1
0,H , C

2
0,H , 1− l0)

[u1(C1
t,H , C

2
t,H , 1− lt)C1

t,H + u2(C1
t,H , C

2
t,H , 1− lt)C2

t,H

− u3(C1
t,H , C

2
t,H , 1− lt)lt] = 0

∑
st∈S

∞∑
t=0

βtΠt(s
t)[u1(C1

t,H , C
2
t,H , 1− lt)C1

t,H +u2(C1
t,H , C

2
t,H , 1− lt)C2

t,H−u3(C1
t,H , C

2
t,H , 1− lt)lt] = 0

(3.56)
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Equation 3.56 shows the implementability constraint for households. Since the model as-
sumes two types of agents, households and farmers, we still need an implementability constraint
for farmers. Following the same algorithm, �rst we write the intertemporal budget constraint
for farmers:

∑
st∈S

∞∑
t=0

1

1 + it(st)
[Pt(s

t)C1
t,F (st)+(1+τ 2

t (st))C2
t,F (st)+wt(s

t)Lt(s
t)−Pt(st)AtF (Lt−1(st−1))] = 0

(3.57)
As before, for sake of simplicity, we will omit the history dependence of the variables. The

farmer's problem with complete market is:

max
{C1

t,F ,C
2
t,F }

∞
t=0,st∈S

∑
st∈S

∞∑
t=0

βtu(C1
t,F , C

2
t,F )Πt(s

t) β ∈ (0, 1) (3.58)

subject to:

∑
st∈S

∞∑
t=0

1

1 + it
[PtC

1
t,F + (1 + τ 2

t (st))C2
t,F + wtLt − PtAtF (Lt−1)] = 0 (3.59)

givenL−1 > 0 (3.60)

Farmer's �rst order conditions are:

u2(C1
t,F , C

2
t,F )

u1(C1
t,F , C

2
t,F )

=
(1 + τ 2

t (st))

Pt
(3.61)

Pt
1 + it

=
βtu1(C1

t,F , C
2
t,F )Πt(st)

u1(C1
0,F , C

2
0,F )

(3.62)

wt
Pt

=

∑
st+1

βu1(C1
t+1,F , C

2
t+1,F )Π(st+1/s

t)At+1FL(Lt)

u1(C1
t,F , C

2
t,F )

(3.63)

Substituting �rst order equations (3.61, 3.62 and 3.63) into intertemporal budget constraint
(equation 3.65) to eliminate prices:

∑
st∈S

∞∑
t=0

1

1 + it
[PtC

1
t,F + (1 + τ 2

t (st))C2
t,F + wtLt − PtAtF (Lt−1)] = 0 (3.64)

∑
st∈S

∞∑
t=0

Pt
1 + it

[C1
t,F +

(1 + τ 2
t (st))

Pt
C2
t,F +

wt
Pt
Lt − AtF (Lt−1)] = 0 (3.65)

(3.66)

∑
st ∈S

∞∑
t =0

βtu1(C1
t,F , C

2
t,F )Πt(st)

u1(C1
0,F , C

2
0,F )

[C1
t,F +

u2(C1
t,F , C

2
t,F )

u1(C1
t,F , C

2
t,F )

C2
t,F

+

∑
st+1

βu1(C1
t+1,F , C

2
t+1,F )Π(st+1/s

t)At+1FL(Lt)

u1(C1
t,F , C

2
t,F )

Lt − AtF (Lt−1)] = 0
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(3.67)

∑
st ∈S

∞∑
t =0

βtΠt(st)[u1(C1
t,F , C

2
t,F )C1

t,F + u2(C1
t,F , C

2
t,F )C2

t,F

+
∑
st+1

βu1(C1
t+1,F , C

2
t+1,F )Π(st+1/s

t)At+1FL(Lt)Lt − AtF (Lt−1)u1(C1
t,F , C

2
t,F )] = 0

Equation 3.67 is the implementability constraint of farmers. Both implementability con-
straints (3.56 and 3.67) together with both resources constraints for agricultural and industrial
goods are the constraints for Ramsey government problem.

3.4.2 Analytical Results for Ramsey Government Problem

Ramsey government maximizes an additively separated social welfare function with α ∈
[0, 1] being the weight of households utility function on the social welfare function and, therefore,
with (1− α) ∈ [0, 1] being the weight of farmers utility function on the social welfare function.
The Ramsey government problem is, for given α:

max
{C1

t,H ,C
1
t,F ,C

2
t,H ,C

2
t,F ,kt,lt}

∞
t=0,st∈S

∑
st∈S

∞∑
t=0

βt[αu(C1
t,H , C

2
t,H , 1− lt) + (1−α)u(C1

t,F , C
2
t,F )]Πt(s

t) (3.68)

subject to:

∑
st∈S

∞∑
t=0

βtΠt(s
t)[u1(C1

t,H , C
2
t,H , 1− lt)C1

t,H +u2(C1
t,H , C

2
t,H , 1− lt)C2

t,H−u3(C1
t,H , C

2
t,H , 1− lt)lt] = 0

(3.69)

(3.70)

∑
st ∈S

∞∑
t =0

βtΠt(st)[u1(C1
t,F , C

2
t,F )C1

t,F + u2(C1
t,F , C

2
t,F )C2

t,F

+
∑
st+1

βu1(C1
t+1,F , C

2
t+1,F )Π(st+1/s

t)At+1FL(lt)lt − AtF (lt−1)u1(C1
t,F , C

2
t,F )] = 0

C1
t,H + C1

t,F + kt = AtF (lt−1) (3.71)

C2
t,H + C2

t,F + gt = G(kt) (3.72)

Let λH , λF , βtΠt(st)µ
1
t (s

t) and βtΠt(st)µ
2
t (s

t) be the Lagrangian multipliers of equations
3.69, 3.70, 3.71 and 3.72, respectively. Moreover, let:

W (C1
t,H , C

1
t,F , C

2
t,H , C

2
t,F , lt) = αu(C1

t,H , C
2
t,H , 1− lt) + (1− α)u(C1

t,F , C
2
t,F )]

+ λH [u1(C1
t,H , C

2
t,H , 1− lt)C1

t,H

+ u2(C1
t,H , C

2
t,H , 1− lt)C2

t,H − u3(C1
t,H , C

2
t,H , 1− lt)lt]

+ λF [u1(C1
t,F , C

2
t,F )C1

t,F + u2(C1
t,F , C

2
t,F )C2

t,F

+ βu1(C1
t+1,F , C

2
t+1,F )Π(st+1/s

t)At+1FL(Lt)Lt

− AtF (Lt−1)u1(C1
t,F , C

2
t,F )]

(3.73)
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For further simpli�cation of notation, we will omit the argument of the functions, therefore,
just indexing the functions with respect the time, for instance,W (t) = W (C1

t,H , C
1
t,F , C

2
t,H , C

2
t,F , lt).

Therefore, the �rst order conditions for Ramsey Government problem, ∀t > 0, ∀st, are:

1.
∂W (t)

∂C1
t,H

= µ1
t (3.74)

2.
∂W (t)

∂C1
t,F

βΠt−1(st/s
t−1) +

∂W (t− 1)

∂C1
t,F

= µ1
tβΠt−1(st/s

t−1) (3.75)

3.
∂W (t)

∂C2
t,H

= µ2
t (3.76)

4.
∂W (t)

∂C2
t,F

βΠt−1(st/s
t−1) +

∂W (t− 1)

∂C2
t,F

= µ2
tβΠt−1(st/s

t−1) (3.77)

5.
∂W (t)

∂lt
+
∑
st+1

βΠt(st+1/s
t)
∂W (t+ 1)

∂lt
= −

∑
st+1

βΠt(st+1/s
t)µ1

t+1At+1FL(lt) (3.78)

6.
µ1
t = µ2

tGk(kt) (3.79)

Equations 3.74 to 3.79 and equations 3.69 to 3.72 fully characterize the solution for Ramsey
government problem.

Firstly, using equation 3.79,
µ1t
µ2t

= Gk(kt). The ratio of both Lagrangian multipliers of the

resources constraints shows how scarce agricultural good is with respect to industrial good.
Using optimal for �rms, in competitive equilibrium, relative price of agricultural good in terms
of industrialized good measures how scarce agricultural good is with respect to industrialized,
Gk(kt) = Pt, therefore:

µ1
t

µ2
t

= Gk(kt) = Pt (3.80)

3.4.3 Deterministic Steady State

In this section, we will show the long run analysis of Ramsey government problem. In the
absence of shocks and under assumption 1, σji is just the inverse of price elasticities for good
i for agent j, i.e., let ηji be the price elasticity of good i for agent j, then |ηji | = 1

σj
i

. Using

equations 3.74 and 3.76 and eliminating time subscripts since we are looking for a steady state
solution:

∂W
∂C1

H

∂W
∂C2

H

=
µ1

µ2
(3.81)

42



Where:

∂W

∂C1
H

= αu1 + λH [u11C
1
H + u1] (3.82)

∂W

∂C2
H

= αu2 + λH [u22C
2
H + u2] (3.83)

Combining equations 3.80, 3.82 and 3.83 into 3.81:

αu1 + λH [u11C
1
H + u1]

αu2 + λH [u22C2
H + u2]

= P (3.84)

From equation 3.49:

P =
(1 + τ 2)uH1

uH2
(3.85)

Substituting equation 3.85 into 3.84:

αu1 + λH [u11C
1
H + u1]

αu2 + λH [u22C2
H + u2]

=
(1 + τ 2)uH1

uH2
(3.86)

u1[α + λH [
u11C1

H

u1
+ 1]]

u2[α + λH [
u22C2

H

u2
+ 1]]

=
(1 + τ 2)uH1

uH2
(3.87)

α + λH [−σH1 + 1]

α + λH [−σH2 + 1]
= (1 + τ 2) (3.88)

α + λH [1− | 1
ηH1
|]

α + λH [1− | 1
ηH2
|]

= (1 + τ 2) (3.89)

Equation 3.89 shows the most notorious result of Ramsey government problem. In an
economy without shocks where di�erent consumption goods are taxed and under assumption
1, Ramsey government should tax more the most inelastic consumption good. For instance,
if we consider that the agricultural good is more inelastic, i.e., |ηH1 | < |ηH2 | then, by equation
3.89, τ 2 should be lower.

From equation 3.78 and 3.79 in a deterministic steady state together with equations 3.50
and 3.63 from competitive equilibrium:

(3.90)(1− τ lt )
[
α + λH(1 + σH3 )

]
= λF

uF1
uH1

Fll(l)l

Fl(l)
+
[
α + λH(1− σH1 )

]
Equation 3.90 above shows the optimal long run taxation of labor income 6.

Proposition 3. Higher the concavity of the production function, higher the taxation on labor
income.

6Next section presents all the steps on how to �nd equation 3.90 for the short-run (see equation (3.97)).
Therefore, equation 3.90 is just a particular case of equation 3.97.
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Proof. Decreasing returns to scale in a production function de�ned over one argument implies
in a negative second derivative of the production function. Let σl = −Fll(lt)lt

Fl(lt)
> 0, therefore,

higher σl, more concave is the production function. Ceteris paribus, a higher σl decreases the
right hand side of equation 3.90, therefore, increasing τ lt (s

t).

A more concave production function means that the e�ect of labor variation on output
is lower, in other words, the elasticity of production is lower (more inelastic), then Ramsey
government should tax more, since the distortion is lower than if the production function is
more linear.

Proposition 4. Lower the price elasticity, in absolute value, of agricultural good and/or leisure,
higher the taxation on labor income.

Proof. Ceteris paribus, since |ηH1 | = 1
σH
1
and |ηH3 | = 1

σH
3
, then lower elasticity in absolute value

implies higher σH1 and σH3 . In order to keep the equality on equation 3.90, then Ramsey
government should increase τ lt .

Without shocks and in the long-run, if leisure demand and, therefore, labor supply is more
inelastic, then Ramsey government will increase labor income tax. The same happens with
agricultural good. If its price elasticity is more inelastic, then Ramsey government increases
labor income tax. This comes from the fact that, in this model, just agricultural production
function uses labor as input.

3.4.4 Smoothing Farmer's Pro�t Policy

In this section, we focus on the short run �scal policy and how Ramsey government responds
to shocks. Using equation 3.78:

(3.91)

−uH3 (t)

[
α + λH

[
1− uH33

uH3
lt

]]
+

[∑
st+1

βΠt(st+1/s
t)
[
λFuF1,t+1At+1(Fll(lt)lt

+ FL(lt)− λFuF1,t+1At+1Fl(lt) + µt+1At+1Fl(lt)
]]

= 0

uH3 (t)
[
α + λH(1 + σH3 )

]
=
∑
st+1

βΠt(st+1/s
t)
[
λFuF1,t+1At+1(Fll(lt)lt + µ1

t+1At+1Fl(lt)
]

(3.92)

Since µ1
t = uH1 (t)

[
α + λH(1− σH1 )

]
, ∀t and ∀st, then µ1

t+1 = uH1 (t+ 1)
[
α + λH(1− σH1 )

]

(3.93)

uH3 (t)

uH1 (t)

[
α + λH(1 + σH3 )

]
=
∑
st+1

βΠt(st+1/s
t)

[
λFuF1,t+1At+1Fll(lt)lt

uH1 (t)

+
uH1 (t+ 1)

[
α + λH(1− σH1 )

]
At+1Fl(lt)

uH1 (t)

]
Using �rst order conditions for households in the competitive equilibrium, we solve for

optimal taxation. Hence, using equation 3.50:
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(3.94)

wt(s
t)(1− τ lt (st))
Pt(st)

[
α + λH(1 + σH3 )

]
=
∑
st+1

βΠt(st+1/s
t)

[
λFuF1,t+1At+1Fll(lt)lt

uH1 (t)

+
uH1 (t+ 1)

[
α + λH(1− σH1 )

]
At+1Fl(lt)

uH1 (t)

]
Moreover, using �rst order conditions for farmers, equation 3.63, we substitute out prices:

(3.95)(1− τ lt (st))
[
α + λH(1 + σH3 )

]
= λF

uF1 (t)

uH1 (t)

Fll(lt)lt
Fl(lt)

+
[
α + λH(1

− σH1 )
] Et(uH1 (t+1)At+1

uH1 (t)
)

Et(
uF1 (t+1)At+1

uF1 (t)
)

Equation 3.95 above shows the relationship of optimal taxation of labor income in the short
run. It is the stochastic counterpart of equation 3.89 in the deterministic model. The main
di�erence is the last multiplicative term of right hand side of equation 3.95. Note that, in the
absence of taxation on consumption of agricultural good for households, by equations 3.12 and
3.29:

Et(
uH1 (t+ 1)

uH1 (t)
) = Et(

uF1 (t+ 1)

uF1 (t)
) =

1

(1 + it+1(st))
(3.96)

Therefore:

(3.97)

(1− τ lt (st))
[
α + λH(1 + σH3 )

]
= λF

uF1 (t)

uH1 (t)

Fll(lt)lt
Fl(lt)

+
[
α

+ λH(1− σH1 )
] ( Et(At+1)

1+it+1(st)
+ covt(

βuH1 (t+1)

uH1 (t+1)
, At+1))

( Et(At+1)
1+it+1(st)

+ covt(
βuF1 (t+1)

uF1 (t+1)
, At+1))

By assumption 1 and considering σl = −Fll(lt)lt
Fl(lt)

> 0 constant, then any changes in labor
taxation is due to the last multiplicative term of the right hand side of equation 3.97. Note that

covt(
βuj1(t+1)

uj1(t+1)
, At+1) is expected to be negative for both agents, households and farmers, because

marginal utility is a decreasing function and covt(C
j
1(t+ 1), At+1) is positive, (∀j ∈ H,F ).

Therefore, by equation 3.97, changes in future productivity a�ects optimal taxation on labor
in two opposite e�ects. If just considering households, an expected decrease in future produc-
tivity, for instance, implies that Ramsey government should increase current labor taxation.
Note that, for households, labor is a static choice, therefore, Ramsey government, by increasing
current taxation, smooths out labor supply. On the other hand, if we consider farmer's choice,
an expected decrease in future productivity implies that Ramsey government should decrease
current labor taxation. This happens because, for farmers, demand of labor is a dynamic
choice. Current demand of labor a�ects future agricultural production. This way, by decreas-
ing current taxation, Ramsey government incentives higher supply of labor, increasing current
pro�ts and labor demand in equilibrium. Higher demand and supply of labor increases future
agricultural production, o�setting future lower agricultural productivity. Hence, in this case,
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Ramsey government throughout changing timing of taxation is smoothing out �uctuations on
agricultural production and farmer's pro�ts. We will focus our analysis for the case where this
last e�ect is higher, in other words, the covariance between future productivity and farmer's
future pro�ts and consumption is higher than for the covariance between future productivity
and household's consumption.

Proposition 5. Lower the expected future shock on agricultural productivity, lower the taxation
on labor.

Proof. Considering that |covt(βu
F
1 (t+1)

uF1 (t+1)
, At+1)| > |covt(βu

H
1 (t+1)

uH1 (t+1)
, At+1)|. Then, if Et(At+1) is ex-

pected to decrease, the last term of equation 3.97 is expected to increase, because the denomina-
tor e�ect will be higher than the numerator e�ect of last multiplicative term of equation 3.97.
Ramsey government must increase left hand side of equation 3.97 in order to keep equality,
decreasing taxation on labor, τ lt .

Proposition 6. Higher the correlation between the shock on productivity and farmer's pro�t
and consumption, lower the taxation on labor.

Proof. If covt(C
F
1 (t+1), At+1) > 0 is high, then covt(

βuF1 (t+1)

uF1 (t+1)
, At+1) < 0 is lower, increasing right

hand side of equation 3.97, therefore, in order to keep equality, Ramsey government increases
left hand side of equation 3.97 by decreasing taxation on labor.

Although taxation on labor income falls directly on household, in this model, it a�ects
indirectly farmer's current pro�t and future production. For instance, by decreasing labor
taxes, households increase labor supply that, in general equilibrium, decreases real wages. By
decreasing real wages, farmers have an increase in current pro�ts. With both, increase in
current pro�ts and decrease in real wages, farmers demand more current labor what a�ects
positively future production.

Proposition 5 shows that, for instance, if government expects future agricultural productivity
to fall (increase) then, Ramsey government will decrease (increase) current taxation on labor. So
that, current demand and supply of labor increase (decrease), o�setting the decrease (increase)
of future agricultural productivity. Therefore, Ramsey government will use timing of taxation to
smooth agricultural �uctuations. If we consider that future productivity and future pro�ts are
positively correlated, then, Ramsey taxation scheme will smooth agricultural pro�ts, therefore,
acting like an insurance against lower levels of farmer's pro�t and consumption. In this sense,
optimal government policy competes with future market and hedging policy, even considering
an economy with complete markets. It happens because we assumed that households are the
agents that sell hedge for farmers, since households are also risk averse, for them to be willing
to buy future agricultural risk, in general equilibrium, the return of hedge for households must
increase and decrease for farmers. On the other hand, government is a risk-neutral agent, then,
in the optimal, its �scal policy implies on changing the timing of taxation in order to smooth
out farmer's pro�t. Suppose, for instance, that government is committed to perfect smooth
agricultural production and, therefore, in a general equilibrium setup, agricultural price. Then,
mt+1 is constant and the covariance Covt(mt+1, Pt+1) equals zero. Therefore, in equilibrium,
future price is expected to be equal to future spot price, Pt+1 (see equation 3.33 and 3.35)
and farmer is indi�erent between hedging or not. This happens because government is now
providing the insurance against price variations throughout �scal policy and, consequently,
the only incentive to hedge is the expected di�erence between future price and future spot
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price, which, in equilibrium, must be zero, considering �rst order condition for households (see
equation 3.14).

Furthermore, by proposition 6, in an economy where agricultural shocks have higher impact
on farmer's pro�t and production, higher is the reaction of Ramsey government with respect
to shocks.

3.5 Concluding Remarks

This paper replicates the most notorious result from Ramsey (1927) for a dynamic economy
with agricultural sector, lag of production and complete markets. In the deterministic long run,
government optimal �scal policy consists on taxing more the most inelastic good. Moreover,
lower the concavity of the production function with respect to labor, lower should be the
taxation on labor income with respect to taxation on consumption. This comes from the fact
that more linear the production function, higher is the impact of a change in labor demand on
production.

On the other hand, this paper contributes with original short run results. It was demon-
strated that, for the model with agricultural productivity shocks, optimal �scal policy will use
labor taxation to smooth out farmer's pro�ts and consumption. If government expects future
agricultural productivity to decrease then, government will decrease current taxation in order
to increase labor demand and future production, o�setting the future decrease on agricultural
total factor productivity. More interesting, this Ramsey government reaction is higher when
farmer's pro�ts and shocks are more related. Therefore, an important result is that economies
where agricultural sector is more labor intensive and, consequently, shocks and labor utilization
a�ects more farmer's pro�t, Ramsey government must interfere more throughout changing the
timing of taxation and, therefore, decreasing the importance of future markets.
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Chapter 4

From Government Outlays to Farm Gate:

Revisiting Causality of Government Farm

Programs E�ects on Wheat Spot Prices

Volatility

4.1 Introduction

The hypothesis that government controls prices volatility presented on Crain and Lee (1996)
and Yang et al. (2001) only holds for countries with closed economies or considerable market
power1. We propose a new hypothesis that government reacts to price volatility and explore
government farm programs reactions to prices volatility.

Our empirical evidence and results suggest that government reacts to wheat prices volatility.
Government outlays are used as a proxy to measure government reaction and wheat prices
volatility explaining outlays show a dual e�ect: for low enough wheat prices, government reacts
positively to price variations; for high enough wheat prices, government does not react and let
prices to be market orientated.

Crain and Lee (1996) and Yang et al. (2001) assume that government farm programs af-
fect volatility. Using daily wheat spot prices from Kansas Board of Trade and thirteen farm
programs, from Agricultural Adjustment Act of 1938 to Food, Agriculture, Conservation, and
Trade Act of 1990, Crain and Lee (1996) test absolute mean di�erence returns as dependent
variable being explained by farm programs2. They show three periods of high and low returns
volatility: i) from January, 1950 to April, 1964, low volatility; ii) from April, 1964 to December,
1985, high volatility; iii) and from December 1985, to December, 1993, low volatility. Since
they use the hypothesis that government causes volatility the explanation for these periods is
government farm program having mandatory allotments (period 1), voluntary allotments and
lower loan rates (period 2) and market orientated measures (period 3).

1Appendix 6.0.2 shows the proportion of US and selected countries wheat production relative to world
production. US highest production relative to world production was only 16.89% in 1981 and since 1983 its
proportions have being decreasing.

2Crain and Lee (1996)'s regression format is: |Rt − R̄t|−E|Rt − R̄t|=
∑13

j=1 βjGjt + et, where Rt is log

return, R̄t average daily log return, E|Rt − R̄t| is the mean of |Rt − R̄t| in the sample period and Gjt is a
dummy variable that assumes value 1 if day t is under the government farm program j and zero otherwise.
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Following Crain and Lee (1996), Yang et al. (2001) investigates the conditional variance of
wheat returns focused on the e�ects of Federal Agricultural Improvement and Reform Act of
1996 (FAIR)3. They found that wheat prices volatility increases after FAIR act and since they
assume that government causes volatility the explanation of this increase is a more liberalized
policy from FAIR act of 1996.

Using the hypothesis that Government farm programs reacts to price volatility, we estimate
outlays as the dependent variable being explained by an interaction variable generated with
government farm programs periods and volatility4. Fourteen farm programs from Agricultural
Act of 1961 to Agricultural Act of 2014 are investigated and results con�rm that government
reacts to price volatility increasing outlay, mainly when prices are low, which is demonstrated
by the positive and signi�cant coe�cients on Food and Agriculture Act of 1962, Agricultural
Act of 1964, Food and Agricultural Act of 1965, Food and Agriculture Act of 1970, Food and
Agriculture Act of 1977, Agriculture and Food Act of 1981, Food, Agriculture, Conservation,
and Trade Act of 1990 and Food, Agriculture, Federal Agriculture Improvement and Reform Act
of 1996. Furthermore, government reactions are stronger when wheat prices reach government
support price. On the other hand, results also show that government decreases its in�uence
and does not react to prices volatility when prices are high, which is the case of Farm Security
and Rural Investment Act of 2002, Conservation, and Energy Act of 2008 and Agricultural Act
of 2014.

Our results di�erentiate from Crain and Lee (1996) and Yang et al. (2001) results since we
show that government reacts to prevent prices volatility despite of government farm program
design.

The remainder of this paper is organized as follows. Section 4.2 presents and details our
data. Section 4.3 presents the results and section 4.4 concludes.

4.2 Data

This section describes government farm programs, government outlays throughout each
program and wheat prices. Government outlays are used as a proxy to explain government
reactions and subsequently the impact of each farm programs.

4.2.1 Government Programs

We consider fourteen farm programs in our sample. Table 4.1 describes the programs their
e�ective period5. Programs from 1 to 10 are analyzed by Crain and Lee (1996) and we add
more recent programs from 11 to 14.

3Yang et al. (2001) sample period is from January 1st, 1992 to June 30th, 1998 and the regression format is

an AR(k)-GARCH(p,q): yt = µ+
∑s=k

s=1 αsYt−s + εt, where yt is the wheat log returns and εt|Ωt ∼ td(0, σ2
t , v).

σ2
t = ω +

∑p
i αiε

2
t−i +

∑q
j βjσ

2
t−j + dDt, where Dt is the dummy variable that assumes value 1 after FAIR act,

April 1st,1996, zero otherwise.
4Outlayt = αt +

∑14
j=1 βjGjt ∗ σ(Price)t + et, where Outlayt is the government expenditure with wheat

support at year t, Gjt is a dummy variable that assumes value 1 if year t is under the government farm program
j and zero otherwise and σ(Price)t is wheat prices standard deviation at year t.

5Di�erent from Crain and Lee (1996) our sample period begins at 1961 because we are bounded by CCC's
reports of budgetary expenditures.
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Table 4.1: Government Farm Programs

Government Farm Program Titles Date Signed E�ective Period
(1) Consolidated Farm and Rural Development Act of 1961 August 8,1954 1962
(2) Food and Agriculture Act of 1962 September 27, 1962 1963
(3) Agricultural Act of 1964 April 11, 1964 1964-1965
(4) Food and Agricultural Act of 1965 November 3, 1965 1966-1970
(5) Agricultural Act of 1970 November 30, 1970 1971-1973
(6) Agricultural and Consumer Protection Act of 1973 August 10, 1973 1974-1976
(7) Food and Agriculture Act of 1977 September 9, 1977 1977-1981
(8) Agriculture and Food Act of 1981 December 22, 1981 1982-1985
(9) Food Security Act of 1985 December 23, 1985 1986-1990
(10) Food, Agriculture, Conservation, and Trade Act of 1990 November 28, 1990 1991-1995
(11) Federal Agriculture Improvement and Reform Act of 1996 April 4, 1996 1996-2001
(12) Farm Security and Rural Investment Act of 2002 May 13, 2002 2002-2007
(13) Food, Conservation, and Energy Act of 2008 June 18, 2008 2008-2013
(14) Agricultural Act of 2014 February 7, 2014 2014-2015

Note: This table presents farm programs titles, date signed and the period which the
program was e�ective.

The Consolidated Farm and Rural Development Act of 1961 authorized a major expansion
of USDA lending activities adding supplementary price support6. The Food and Agricultural
Act of 1962 supplements acreage allotment. The Agricultural Act of 1964 eliminates market
quotas and provide a voluntary marketing certi�cate program. The Food and Agriculture Act
of 1965 maintain certi�cate and diversion programs for wheat but eliminate exports certi�cates.
Agricultural Act o 1970 replaced previous law over acreage allotments, planting restrictions,
and marketing quotas with voluntary annual set-asides. Agricultural and Consumer Protection
of 1973 adopted target prices and de�ciency payments to support farm income and reduce
surplus stocks. The Food and Agricultural Act of 1977 increased price and income supports
and established a farmer-owned reserve (FOR)7. The Food and Agricultural Act of 1977 and
the Agriculture and Food Act of 1981 maintain the dual target prices. The Food and Security
Act of 1985, created several conservation program, including sodbuster, swampbuster, and the
Conservation Reserve Program, gave the USDA responsibility to require cross-compliance for
wheat and changed acreage base calculations. The Conservation and Trade Act of 1990 froze
target prices and allowed more planting �exibility reducing 15% acreage payments and allow-
ing producers to plant any crop on this acreage. Federal Agriculture Improvement and Reform
Act of 1996 eliminated the attachment between income support payments and farm prices.
It replaced de�ciency payments by direct compensatory payments that were independent of
market prices, expanded planting �exibility opportunities allowing participants to plant 100%
of their total contract acreage to any crop, eliminating target price, acreage reduction program

6Before The Consolidated Farm and Rural Development Act of 1961 there were The Agricultural Adjustment
Act of 1933 which allowed Agricultural Adjustment Administration pay farmers to reduce production of wheat,
make advanced payments for farmers who stores crops, create marketing agreements, levy processing taxes to pay
for production adjustments and market development, as well as, incorporated Commodity Credit Corporation,
which was responsible for implement �nancial activities. Agricultural Act of 1938 made price support mandatory,
implemented quotas for wheat and created Federal Crop Insurance Corporation. Agricultural Act of 1949
added parity price support for wheat using a scale from 75% to 90% given the supply of wheat. Agricultural
Adjustment Act of 1954 increase the lower bound parity price support limit from 75% to 82.5% and determine
that Commodity Credit Corporation to set aside a maximum and minimum level of inventory for wheat. The
Agricultural Act of 1956 created the Soil Bank Program which was responsible to prevent excessive supply
using acreage reserve program and conservation reserve program o�ering annual rental payments to farmers
that retired production land.

7FOR was created to smooth price movements and provide reserves against production shortfalls.
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and minimum loan rates were 85% percent of the simple average price received by producers
of wheat. Farm Security and Rural Investment Act of 2002 updated base acres and payment
yields, lowered the payment limit on direct payments, counter-cyclical payments, loan de�-
ciency payments, and marketing loan gains. Created a new long-term counter-cyclical support,
restoring target prices and de�ciency payments. Created, increased and authorized spending
for conservation programs. Food, Conservation, and Energy Act of 2008 increased target price
for counter-cyclical payments, increased loan rate, added the Average Crop Revenue Election
program that is an option to the Direct and Counter-Cyclical programs and limited payments
for excess non farm gross income. Agricultural Act of 2014 eliminated Direct Payments, Coun-
tercyclical Payments, the Average Crop Revenue Election program and the distinction between
farm and nonfarm income for payment limit. It created two programs: Price Loss Coverage and
Agriculture Risk Coverage (Crain and Lee (1996), Young and Shields (1996), Becker (2002a),
Becker (2002b),Westcott et al. (2002), Womach (2005), Johnson and Becker (2008) and Zulauf
and Orden (2014)).

4.2.2 Government Total Outlays

Government total outlays, represent the initial cash outlay by the Commodity Credit Cor-
porations (CCC) under each speci�c program. Data of Government outlays for wheat8 are
gathered from Commodity Credit Corporations (CCC) net expenditure reports from 1961 to
2015.

The support and related accounts that generate total outlays changes throughout time given
each program goal. The initial (1961) structure is given by the following accounts: (1) Acreage
diversion payments; (2) Support payments; (3) Commodity export payments; (4) Loans and
purchases; (5) Storage and handling; and (6) other outlays. Certi�cates issued was added in
1964. In the 70's, were added set-aside or diversion payments, disaster payments, de�ciency
payments and certi�cates issued were eliminated. In the 80's a diversion payment account was
created. In the 90's, were added de�ciency payments, production �exibility contract and mar-
keting loss payment. In 2000, were added loan de�ciency, direct payment and countercyclical
payments. In 2014, were added agriculture risk coverage (ARC) payments, price loss coverage
(PLC) payments and acre payments and direct payments was eliminated.

From 1961 to 1963, 59.8%9 of total outlays were generated by loans and purchases. In
1964, loans and purchases represent 41.7% and in 1965, certi�cates issued and loans and pur-
chases represent 39.5% and 38.2%. From 1966 to 1970, loans and purchase and certi�cates
issued represent 34% and 50%. From 1971 to 1973, certi�cates issued were 50% and loans and
purchases 28.5%, however loans in 1972 alone represent 30% while purchases were 8%. From
1974 to 1976, total outlays decreased reaching the lowest value in 1976. Total outlays in 1976
represents only 13% of total outlays of 1973. In 1977 and 1978, total outlays increased to levels
higher than historical levels and loans and de�ciency payments handled most of the transfers.
In 1980, loans and purchases represent 43% and 53%. From 1982 to 1985, outlays increased to
higher levels than 1977 to 1981, loans and de�ciency payments were the signi�cant transfers
and loans represent almost 60% of transfers. From 1986 to 1995, outlays decreased compared

8Yearly CCC reports present total wheat outlays for wheat and products. In 2005 total wheat outlays were
broken down into wheat, wheat �our and bulgur outlays. Wheat represents, in the mean, form 2005 to 2015,
96.2% of total outlays. We consider this proportion high enough to prevent measurement errors.

9All proportions are mean values by period.
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with the levels of 1985 and loans and de�ciency payments were the signi�cant transfers, how-
ever from 1991 to 1994, purchases had a signi�cant increase reaching the same proportions of
loans. From 1996 to 2001, de�ciency payments, production �exibility contract payment, loans
de�ciency payment and marketing loss payment managed most of the transfer, however loans
increased in 1998 and 1999 and purchases increased in 1999. From 2002 to 2015, total outlays
decreased almost 50% compared with 1996 to 2001 period and transfers were made using direct
payments. From 2003 to 2014, direct payment represents 63.68% of total outlays.

Table 4.2 summarizes total outlays values and presents yearly mean and median by program.

Table 4.2: Wheat Total Outlays for Wheat by Program Descriptive Statistics

Government Farm Program Titles Total Outlays Mean Median

(1) Agricultural Act of 1961 1,046.30 1,043.30 1,046.30
(2) Food and Agriculture Act of 1962 1,297.30 1,297.30 1,297.30
(3) Agricultural Act of 1964 2,052.90 1,026.45 1,026.45
(4) Food and Agricultural Act of 1965 6,802.00 1,360.40 1,293.50
(5) Agricultural Act of 1970 4,686.40 1,622.80 1,609.60
(6) Agricultural and Consumer Protection Act of 1973 1,274.00 424.67 276.80
(7) Food and Agriculture Act of 1977 9,735.50 1,947.10 2,219.40
(8) Agriculture and Food Act of 1981 15,371.60 3,842.90 3,581.20
(9) Food Security Act of 1985 11.658.84 2,331.77 1,843.80
(10) Food, Agriculture, Conservation, and Trade Act of 1990 14,012.18 2,802.44 2,855.93
(11) Federal Agriculture Improvement and Reform Act of 1996 21,167.28 3,527.88 3,287.70
(12) Farm Security and Rural Investment Act of 2002 10,745.45 1,790.91 1.878.15
(13) Food, Conservation, and Energy Act of 2008 9,416.01 1,569.33 1,617.76
(14) Agricultural Act of 2014 1,585.63 792.81 792.81

Note: Total Outlays are by program total US government expenditures for wheat support in
millions of dollars, mean and median outlays is yearly mean and median outlay by program. Data
were gathered from Commodity Credit Corporations (CCC) net expenditure reports from 1961 to
2015.

Total outlays show how much US Government expended by program throughout the entire
period. Since the programs had di�erent periods it is interesting to compare the programs
using yearly mean outlays. The programs from the highest to lowest mean outlays are (8),
(11), (10), (9), (7), (12), (5), (13), (4), (2), (1), (3), (14), and (6). The Agriculture and Food
Act of 1981 have the highest mean outlay with U$ 3.842 billion of dollars and The Agricultural
and Consumer Protection Act of 1973 have the lowest mean outlay with U$ 1.274 billion of
dollars.

4.2.3 Wheat Prices

Monthly wheat prices received by US farmers from 1962 to 2015 were gathered at United
States Department of Agriculture (USDA). These prices are surveyed by the National Agri-
cultural Statistics Service (NASS). States surveyed, usually, account for 90 % or more of total
United States production and prices received represent sales from producers to �rst buyers.
They include all grades and qualities (USDA (2011)).
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4.3 Results

4.3.1 From Government Outlays to Farm Gate: Revisiting Causality

Our hypothesis is that prices variations a�ect government farm programs. The rational
behind this hypothesis is that US wheat market is in�uenced by world markets, therefore in
order to stabilize prices and income, Government farm plan uses a set of provisions that will
react if prices become volatile, then government plan is explained by volatility, not otherwise.

Furthermore, since volatility a�ects positively provisions, which have a positive cost, it also
a�ects government expenditures. In this case, government expenditures can be assumed as a
proxy to measure government reactions to price movements.

We consider fourteen government farm programs from Agricultural Act of 1961 to Agri-
cultural Act of 2014. Programs historical changes are detailed on section 4.2.1 and table 4.1
describes each program e�ective period.

Table 4.3 presents government programs, mean total outlay and mean wheat prices volatility.

Table 4.3: Government Farm Programs, Outlays and Prices Standard Deviation

Government Farm Program Titles Mean Total Outlay σ̄Price

(1) Agricultural Act of 1961 1,046.30 0.0263
(2) Food and Agriculture Act of 1962 1,297.30 0.0465
(3) Agricultural Act of 1964 1,026.45 0.1026
(4) Food and Agricultural Act of 1965 1,360.40 0.0603
(5) Agricultural Act of 1970 1,622.80 0.2038
(6) Agricultural and Consumer Protection Act of 1973 424.67 0.1344
(7) Food and Agriculture Act of 1977 1,947.10 0.0756
(8) Agriculture and Food Act of 1981 3,842.90 0.0420
(9) Food Security Act of 1985 2,331.77 0.0911
(10) Food, Agriculture, Conservation, and Trade Act of 1990 2,802.44 0.0948
(11) Federal Agriculture Improvement and Reform Act of 1996 3,527.88 0.0682
(12) Farm Security and Rural Investment Act of 2002 1,790.91 0.1080
(13) Food, Conservation, and Energy Act of 2008 1,569.33 0.1109
(14) Agricultural Act of 2014 792.81 0.0806

Note: Outlays are year total US government expenditures for wheat support in millions of dollars,
mean outlays is yearly mean outlay by program. Prices are log of monthly prices received by US
farmers. σ̄Price is the yearly mean standard deviation of prices by program.

Table 4.3 shows that early 60's (Agricultural Act of 1961 and Food and Agriculture Act
of 1962) mean standard deviations of wheat prices were low, however there is an increase in
outlay from Agricultural Act of 1961 to Food and Agriculture Act of 1962. The increase in
government outlays is due to wheat prices reach government loans support price of US$ 2.00
per bushel rising government expenditures with loans.

The increase in mean volatility from Food and Agriculture Act of 1962 to Agricultural Act of
1964 is characterized by Agricultural Act of 1964 eliminating mandatory wheat-marketing pro-
gram and decreasing loan rate for farmers, which encouraged farmers to market their products,
(Crain and Lee (1996)). It reduced government reactions to price volatility.

Food and Agricultural Act of 1965 shows a decrease in mean volatility and an increase in
mean outlay comparing with Agricultural Act of 1964, throughout this program wheat prices de-
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creased reaching 100% parity prices on certi�cates issued provisioned on Food and Agricultural
Act of 1965, as a consequence, government reacted increasing expenditures with certi�cates
issued and loans and purchases.

Agricultural Act of 1970 and Agricultural and Consumer Protection Act of 1973 show the
highest mean volatility in our sample period. Agricultural and Consumer Protection Act of 1973
also presents the lowest mean outlay. Throughout Agricultural Act of 1970 and Agricultural and
Consumer Protection Act of 1973 wheat prices increased and were volatile due to the unexpected
increase of international demand10. This period presents high wheat prices and Government on
Agricultural and Consumer Protection Act of 1973 decreased loan rates, therefore government
reactions to volatility decreased.

Food and Agriculture Act of 1977 increased price support which reacted more actively to
prices volatility and increased outlays. Agriculture and Food Act of 1981 presents one of the
lowest values of mean volatility and the highest value of mean outlay, which US government
expended U$3.842 billion of dollars, in the mean, for each year of this program. Under Agricul-
ture and Food Act of 1981 loans and purchases were set by the government at U$ 3.55 which
bounded volatility of wheat prices that had a downward tendency with mean price throughout
this period at U$3.44. Food Security Act of 1985 maintain price support, however as prices
increased during 1988 and 1989 government reacted less to price volatility.

Food, Agriculture, Conservation, and Trade Act of 1990 increase marketing and planting
�exibility, however prices decreased in 1991 and 1992 increasing government reaction. Federal
Agriculture Improvement and Reform Act of 1996 was intended to eliminate the link between
income support payments and farm prices. Throughout this program prices decreased from U$
5.75 on May, 1996 (highest price) to U$2.22 on September, 1999 (lowest price) and government
reacted increasing outlays with emergency assistance packages. Farm Security and Rural In-
vestment Act of 2002, Food, Conservation, and Energy Act of 2008 and Agricultural Act of
2014 have wheat prices above target prices which allowed government to react less to prices
variations.

Previous empirical evidence shows that volatility causes government reactions and suggests
two e�ects: 1) if prices are low enough, government reacts to price movements increasing
outlays; and 2) if prices are high enough, government decreases reactions, allowing market
orientated prices. For the �st case, we expect a positive relationship between volatility and
outlays, since an increase in volatility will increase government reactions, which is measured by
the increase in outlays. For the second case, we expect a negative relationship. In this case,
market has less in�uence in government reactions, therefore, volatility.

Table 4.4 and 4.5 presents the results of Granger causality and volatility explaining outlay.
Granger causality on table 4.4 corroborates our hypothesis that volatility causes outlay, and
table 4.5 shows the dual e�ects estimation of volatility on outlays.

10Wheat price received by US farmers during Agricultural Act of 1970 soared from U$ 1.29 on January, 1970
to U$4.78 on December, 1973 and during Agricultural and Consumer Protection Act of 1973 prices shrank from
U$5.29 on January, 1974 to U$2.39 on December, 1976.
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Table 4.4: Granger Causality: Outlay versus Volatility
(σPrice)

Null Hypothesis:

χ2-Statistic Prob.

σPrice does not Granger cause outlays 9.80 0.04
Outlays does not Granger cause σPrice 3.72 0.44

Note: Granger Causality/Block Exogeneity Wald Tests. Yearly
outlays are in log. σPrice is the yearly standard deviation of log
wheat prices received by US farmers. Total number of observations
are 54 and four lags were used. Using ADF test, both series reject
the hypothesis of unity root.

Table 4.4 presents Granger causality test for the following hypotheses: i) volatility does not
cause outlays; and ii) outlays does not cause volatility. It shows that we can not accept the null
hypothesis that wheat prices volatility does not granger cause outlay, therefore we accept the
alternative hypothesis that wheat prices volatility causes outlay. Furthermore, we do not reject
null hypothesis that outlays does not cause volatility. Table 4.4 corroborates our hypothesis
since it shows a one way causality from volatility to outlay.

Table 4.5 presents the results of volatility explaining outlays. In order to distinguish the dual
e�ect of volatility on outlays was created a interaction dummy variable that captures the e�ects
of government reaction increasing outlays to prevent downward price movements. Government
reactions dummy variable (Government Reaction Dummy) assumes value 1 if prices are close
to program support price11.

Table 4.5: Volatility Explaining Outlays

Variables Coe�cients

σ(Prices) -2.09
(-1.59)

σ(Prices)*Government Reaction Dummy 5.63
(2.45)***

Constant 7.50
(48.18)***

R2 0.17
Observations 54

Note: ***, **, * denote signi�cance at the 1%, 5%, and 10%
levels, respectively. t-statistic are in parentheses. Ordinary
least squares estimation. Regression format: Outlayt = αt+
βtσ(Price)t+ψtσ(Price)t∗GovernmentReactionDummyt+et.
Outlays are in log. σPrice is the yearly standard devia-
tion of log wheat prices and Government reaction dummy
is explained on appendix 6.0.3. White heteroskedasticity-
consistent standard errors and covariance were used.

11Appendix 6.0.3 brings the information about government dummy reaction.
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Estimated results on table 4.5 shows, in the mean, volatility (σ(Prices)), when not controlled
by price level, a�ects negatively outlay. The negative sign implies that government react less
to price movements, so prices are market orientated. Note that the estimated coe�cient for
volatility is not statistically signi�cant.

On the other hand, when controlled by downward price level movements, the interaction
of government reaction dummy variable with volatility presents a positive sign. It shows that
in the periods that prices are low enough, if volatility increases (decreases) government reacts
and increases (decreases) outlay. The positive sign corroborates our hypothesis that volatility
causes outlays, since it implies that for a period of high volatility government increases outlays
and for periods of low volatility government decreases outlay.

Summarizing, empirical evidence shows that government uses a set of provisions that will
react if prices become volatile, mostly when prices present a downward tendency, then gov-
ernment plan is explained by volatility, not otherwise. This fact is corroborated by Granger
causality and the dual e�ect estimation of volatility on outlays.

4.3.2 Farm Programs Reactions

Table 4.6 presents the results of government farm programs reactions to wheat prices volatil-
ity. In order to capture volatility e�ects on farm program, each farm program dummy variable
is multiplied by year volatility, therefore the estimation coe�cient of this iteration variable
shows outlays explained by program volatility.

All estimations on table 4.6 omit Agricultural and Consumer Protection Act of 1973 dummy
variable interacted with volatility. This program represents the period with high wheat prices
and lowest government reactions12. Omitting Agricultural and Consumer Protection Act of
1973, our results are relative to the omitted farm program, so positive (negative) values on
estimated interaction coe�cients represents higher (lower) government expenditures by program
volatility relative to Agricultural and Consumer Protection Act of 1973.

There are two estimated models on table 4.6. Models (1) is estimated with current prices
and model (2) with constant prices. Models (2) is estimated with constant prices in order to
eliminate monetary e�ects13.

12We use the program with the lowest government in�uence as a benchmark for the other plans because it
will enhance the intensity that each program reacted to prices volatility.

13Log outlays on model (2) are de�ated using US gross domestic product (GDP) de�ator with 2009 base
year. GDP de�ator was obtained from Federal Reserve Economic Data from 1962 to 2015.
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Table 4.6: Government Farm Programs Reactions

Dependent Variable: Log Outlays Log Outlays
(2009 Constant Prices )

Independent Variables (1) (2)

(1) Dummy Agricultural Act of 1961 -10.753 27.064***
(-0.99) (3.03)

(2) Dummy Food and Agriculture Act of 1962 -1.462 19.684***
(-0.24) (3.89)

(3) Dummy Agricultural Act of 1964 -1.914 4.073**
(-1.07) (2.68)

(4) Dummy Food and Agricultural Act of 1965 -0.830 12.531***
(-0.18) (3.04)

(5) Dummy Agricultural Act of 1970 0.596 2.808**
(0.58) (2.50)

(6) Dummy Agricultural and Consumer Protection Act of 1973

(7) Dummy Food and Agriculture Act of 1977 3.058 5.123
(0.75) (1.29)

(8) Dummy Agriculture and Food Act of 1981 22.517*** 19.890***
(3.28) (3.51)

(9) Dummy Food Security Act of 1985 2.088 0.009
(0.82) (0.00)

(10) Dummy Food, Agriculture, Conservation, and Trade Act of 1990 6.467* 2.493
(1.81) (0.81)

(11) Dummy Federal Agriculture Improvement and Reform Act of 1996 9.547** 3.958
(2.08) (1.13)

(12) Dummy Farm Security and Rural Investment Act of 2002 1.179 -3.114*
(0.54) (-1.69)

(13) Dummy Food, Conservation, and Energy Act of 2008 0.958 -4.727**
(0.43) (-2.26)

(14) Dummy Agricultural Act of 2014 -10.436 -20.407***
(-1.60) (-3.78)

Constant 7.236*** 7.962***
(25.26) (33.82)

R2 0.41 0.64

Note: ***, **, * denote signi�cance at the 1%, 5%, and 10% levels, respectively. t-statistic
are in parentheses. Ordinary least squares estimation. Regression format: Outlayt = αt +∑14

j=1 βjGjt∗σ(Price)t+et, where Outlayt is the government expenditure with wheat support at
year t and Gjt is a dummy variable that assumes value 1 if year t is under the government farm
program j and zero otherwise and σ(Price)t is wheat standard deviation of log wheat prices at
year t.

Table 4.6 results show that for model (1), ordering from stronger to weaker reactions, Agri-
culture and Food Act of 1981, Food, Agriculture, Federal Agriculture Improvement and Reform
Act of 1996 and Conservation, and Trade Act of 1990 show positive and signi�cant coe�cients
relative to Agricultural and Consumer Protection Act of 1973. This result implies that govern-
ment reacted in these programs to prevent prices volatility, increasing outlay compared with
Agricultural and Consumer Protection Act of 1973.

Using constant prices, model (2), results show that early sample programs present a positive
and signi�cant volatility e�ect on outlays. From higher to lower outlay reactions to price
volatility: Agricultural Act of 1961; Agriculture and Food Act of 1981; Food and Agriculture
Act of 1962; Food and Agricultural Act of 1965; Agricultural Act of 1964; and Agricultural
Act of 1970. Results of model (2) also show that Agricultural Act of 2014, Food, Conservation,
and Energy Act of 2008 and Farm Security and Rural Investment Act of 2002 have negative
coe�cients which imply that, relative to Agricultural and Consumer Protection Act of 1973,
government decreased its reactions to price volatility.
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Overall results con�rm the evidence presented in the last section that government reacts
to price volatility increasing outlay, mainly when prices are low, which is demonstrated by
the positive and signi�cant coe�cients of Food and Agriculture Act of 1962, Agricultural Act
of 1964, Food and Agricultural Act of 1965, Food and Agriculture Act of 1970, Food and
Agriculture Act of 1977, Agriculture and Food Act of 1981, Food, Agriculture, Conservation,
and Trade Act of 1990 and Food, Agriculture, Federal Agriculture Improvement and Reform
Act of 1996.

Furthermore, government reaction are stronger if prices reach government support price.
For instance, government reacted increasing outlay on the Agricultural Act of 1961. Wheat
support prices in 1962 were set at U$2.00 and wheat prices were under the support price almost
all year of 1962, average wheat price in 1962 was U$1.96. Food and Agriculture Act of 1962
support price was U$1.82 and July 1963 wheat prices reach U$1.75. Throughout Agricultural
Act of 1964, wheat prices decreased reaching the lowest value of U$1.39 in December 1964,
however support price in these period decreased to U$1.30 in 1964 and U$1.25 in 196514. For
Food and Agricultural Act of 1965 and Food and Agriculture Act of 1970, wheat prices from
1967 to 1972 decreased and, speci�cally in 1968 and 1969, prices reached and went under the
target support price of U$ 1.25 per bushel. Food and Agriculture Act of 1977 set the support
price at U$2.25 per bushel and the lowest price in this period was U$ 2.04 in July, 1977. Under
Agriculture and Food Act of 1981, loans and purchases were set by the government at U$ 3.55
which bounded wheat prices that had a downward tendency with mean price throughout this
period at U$3.44. On Food, Agriculture, Conservation, and Trade Act of 1990 prices decreased
in 1991 and 1992 which increased government reactions. Prices throughout Federal Agriculture
Improvement and Reform Act of 1996 decreased from U$ 5.75 on May, 1996 (highest price)
to U$2.22 on September, 1999 (lowest price) and government reacted increasing outlays with
emergency assistance packages.

On the other hand, government decreases its in�uence and does not react to prices volatility
when prices are high, which is the case of Farm Security and Rural Investment Act of 2002,
Conservation, and Energy Act of 2008 and Agricultural Act of 2014.

4.4 Concluding Remarks

In this paper we addressed two issues: 1) The causality e�ect between wheat prices volatility
and government reactions; and 2) Government farm programs reactions to price volatility.

We argue and expose facts that government reacts to price volatility, mainly when prices
present a downward tendency. Using outlays as a proxy to measure government reactions,
Granger causality results corroborate our hypothesis and our estimation of volatility explaining
outlays show that volatility generates a dual e�ect on government reaction: i) years that wheat
prices are low enough, government reacts positively to price variations; ii) years that wheat
prices present upward price tendency, government does not react and let prices to be market
orientated. These results contradicts Crain and Lee (1996) and Yang et al. (2001) causality
hypothesis.

Estimation results of government farm programs reactions to volatility show that govern-
ment reacts to price volatility increasing outlay on Agricultural Act of 1961, Food and Agri-

14Support prices from 1962 to 1965 was gathered at 1966 Outlook Issue: Wheat Situation and it is calculated
from national average loan rate (Economic Research Service (1965)).
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culture Act of 1962, Agricultural Act of 1964, Food and Agricultural Act of 1965, Food and
Agriculture Act of 1977, Agriculture and Food Act of 1981, Food, Agriculture, Conservation,
and Trade Act of 1990 and Food, Agriculture, Federal Agriculture Improvement and Reform
Act of 1996. The intensity of government reactions is related with wheat prices being close or
lower than government support price. On the other hand, government decreases its in�uence
and does not react to prices volatility when prices are high, which is the case of Farm Security
and Rural Investment Act of 2002, Conservation, and Energy Act of 2008 and Agricultural Act
of 2014.

Our �nds support that government reacts to prices volatility and reactions increase as wheat
prices are close or under government support price and di�erent from Crain and Lee (1996)
and Yang et al. (2001) our �nds suggest that despite of government farm program design,
government will react to prices volatility, not otherwise.
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Chapter 5

Conclusion

In this dissertation, I investigated three important issues about agricultural markets: i)
Farmers's choice of hedge; ii) Government incentives throughout taxation to agricultural mar-
kets and their e�ects on �nancial markets; and iii) Government reactions to wheat price volatil-
ity.

The �rst essay �lls a theoretical gap in the literature. Empirical studies that investigates
farmers risk management strategies show that high pro�table farmers hedge more than low
pro�table ones. Contrary to empirical results, Collins (1997) theoretical model shows that
high pro�table farmers, which are less susceptible to �nancial failure, do not hedge. This essay
solves this puzzle showing that higher farmer's pro�ts, lower hedge costs, in terms of utility, and
higher the bene�ts of hedging future production, o�ering a theoretical explanation for empirical
literature results.

First essay applications might be done in order to �nd current pro�ts and hedge costs e�ects
on farmers decision of hedge or not future production, as well as, investigate the di�erent costs
associated with hedge and their relevance on hedge total costs.

The second essay explore government incentives throughout taxation and show that with
agricultural productivity shocks, optimal �scal policy will use labor taxation to smooth out
farmer's pro�ts and consumption. Furthermore, this Ramsey government reaction is higher
when farmer's pro�ts and shocks are more related. Therefore, an important result is that
economies where agricultural sector is more labor intensive and, consequently, shocks and labor
utilization a�ects more farmer's pro�t, Ramsey government must interfere more throughout
changing the timing of taxation and, therefore, decreasing the importance of future markets.

Applications for essay two should investigate and compare the scale of government incentives
on labor intensive and capital intensive economies, as well as, the e�ect of government incentives
on �nancial markets, i.e, futures markets, in these two economies.

The third essay refutes Crain and Lee (1996) causality hypothesis and investigate gov-
ernment reactions to agricultural markets price volatility, in the speci�c case of wheat prices
volatility. It shows that, using outlays as a proxy to measure government reactions, volatility
generates a dual e�ect on government reaction and reactions increase as wheat prices are close
or under government support price. Further analysis should focus on low prices years, when
government reactions increase, for instance, investigate wheat future contract volume in this
period.

Overall results show that hedge costs a�ect farmers hedge decision and the bene�ts of hedge
increases as pro�ts increases. However, these bene�ts might be o�set if government maximizes
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farmers welfare, since hedge will become an alternative to governmental aid. Moreover, our
empirical study shows that government support increases as a reaction to price volatility, mainly
when prices are low, which corroborates government welfare orientated problem.
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Chapter 6

Appendix

6.0.1 Optimal Choice of Labor

If h = 0:

u′(Π0)[PFl(l)− w] = 0 (6.1)

Fl(l) =
w

P
(6.2)

l0
∗

= F−1
l (

w

P
) (6.3)

If h = 1

u′(Π1)[P (1− n)Fl(l) + P̄ nFl(l)− w] = 0 (6.4)

Fl(l) =
w

[(1− n)P + nP̄ ]
(6.5)

l1
∗

= F−1
l = (

w

P̂
) (6.6)

6.0.2 Wheat Production Proportions of Selected Countries to World

Production

Figure 6.1 shows for selected countries the proportion of their production relative to world
production. Production quantity data was gathered at Food and Agriculture Organization
(FAO) database and selected countries represent the top six countries with the highest wheat
production at FAO dataset.
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Figure 6.1: Wheat Production Proportions of Selected Countries to World

Production

Note: Countries and World production quantity are in tonnes.

Figure 6.1 shows that US was the top world producer of wheat up to 1983 and 1981 shows
US highest proportion with 16.89% of world production. After 1983 US decrease its proportion
relative to world production and China and India increased their proportions. Despite of US to
be one of the top wheat producer it shows small percentage relative to world production which
imply low market power.

6.0.3 Government Reaction Dummy Variable

Figure 6.2 presents wheat prices, standard deviation, total outlays and shows the years that
government reaction dummy assumes value 1. If a speci�c year prices are low enough1 the
dummy variable assumes value 1, otherwise 0. Hence government reaction dummy controls,
by year, government reactions generated by volatility when wheat prices reach the government
support price.

1Prices low enough are de�ned by wheat prices received by US farmers close to e�ective farm program set
minimum support price.
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Figure 6.2: Wheat Prices Received by Farmers, Standard Deviation, Government

Total Outlays for Wheat and Dummy Reaction Years

Note: Average wheat prices are yearly average of log monthly prices received by US farmers. Total
outlays are log of yearly wheat total outlays in millions of Dollars divided by 10 and standard deviation
of wheat prices are multiplied by 10.

Wheat support prices in 1962 were set at U$2.00 and wheat prices were under the support
price almost all year of 1962, average wheat price in 1962 was U$1.96. For 1963 and 1964 wheat
prices decrease from U$2,00 in January 1963 to U$1.39 in December 1964 being very close or
under the 1963 and 1964 support prices of U$1.30 and U$1.25. From 1968 to 1972 prices
decreased and speci�cally 1968 and 1969 prices reached and went under the target support
price of U$ 1.25 per bushels. Food and Agriculture Act of 1977 set the support price at U$2.25
per bushel and the lowest price in this period was U$ 2.04 in July, 1977. From 1981 to 1986
prices decreased reaching the support price, from 1990 to 1993 prices are lower than average
previous crop prices and from 1998 to 2001 prices on May, 1996 were U$ 5.75 (highest price)
and decrease to U$2.22 on September, 1999 (lowest price). Government reacted on 1998 to 2001
period increasing outlays with emergency assistance packages. The years of 1964, 1965, 2009,
2013, 2014 and 2015 prices decreased however the minimum prices throughout these year are
higher than government target prices, so they are not considered periods that the government
reacted, for instance, 2009 minimum prices were U$ 4.47 per bushel in October, 2009 and
government target price for 2009 was U$ 3.92 per bushel.
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