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Abstract
In an international context, countries are debating about the liberalization of agricultural world
markets. This, within others measures, entails the removal of all domestic support that can
generate any distortion in production or trade. Exceptionally, support that does not distort
markets can still be used. This is the case of decoupled payments, which are slump sum transfers
given to farmers, and for this reason, are considered to not create any distortion. But several
economists question the neutrality on trade of these payments and have listed several reasons to
reinforce this. This study contributes to this research by focusing on the farmers risk attitudes
and its relationship with decoupled payments. To do so, it proposes a Mean-Standard deviation
approach which allows for different structures in the configuration of the risk attitudes, taking
into account both, price and yield uncertainty. As example of decoupled payments, single-farm
data from Spain (under Common Agricultural Policy) is used for the period from 1995 to 2008
(which includes coupled payments until 2005 and decoupled ones from 2006 to 2008).
With this data and approach we try to analyze weather farmers’ risk attitudes have been affected
by the change in the payments given by the EU – namely the step from compensatory payments
to single farm payments, and give an easy way of modelling farmers’ risk attitudes that has not
been exploited enough up to this moment in this context, the Mean-Standard deviation approach.
The results do not show how much production or trade are influenced by risk attitudes, but they
show evidence that these attitudes are influenced by the receipt of a payment, even if the
payments is not related to prices or yields. Evidence on changes of the degree of risk aversion
during the period could not be found. Even though the approach and methodology used has
several limitations, it is good example of an applicable analytical tool, and we expect it will give
place to deeper and improved research.
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Chapter 1.
1.1.

Introduction

Context and motivation of the study

In the last two decades, changes in agricultural policy have been occurring worldwide, among
other reasons, as a response to the pressure exerted by the World Trade Organization (WTO).
Before these changes, the aid given by developed countries was extremely linked to
production and therefore, it distorted agricultural markets, lowering world prices and making
other countries worse off.
As a result of the negotiations that took place during the Uruguay Round of the WTO (19861992), member countries committed themselves to remove all support considered to distort
production and trade. But exceptions were allowed for domestic payments that were
considered non distortive.
In the case of European Union (EU), before 1992, the aid given was mainly: price support,
export subsidies and border protection (tariffs). The first reform that started the process of
switching this support into a less distortive one was the MacSharry reform (1992), which
progressively removed these highly protective measures and created direct payments. At that
moment, the new payments were still partially or totally linked to yields, but later reforms
(Agenda 2000 in 1999, Mid-Term Review in 2003) continued the process, by reducing the
percentage of production that was still linked to the payment, in order to make them more
“decoupled”.
However, ever since “decoupled” payments were implemented, in the EU and in other
countries (e.g. USA, Japan), economists question if the payments are really decoupled and non
distortive. The arguments behind these discussions are that there might be several indirect
effects that can create some distortion in production, e.g.: payments can encourage producers
to invest; they may distort land and labour markets; farmers’ expectations about future policy
can be affected; and the payments can alter farmers risk attitudes, and consequently, their
behaviour. Several authors have carried out theoretical and/or empirical research in order to
analyze the effects of the decoupled payments on e.g. farmers’ behaviour, production and
trade. The results of these studies may not be conclusive about the importance of these effects,
but most of them prove that, effectively, indirect effects exist.
1

1.2.

Research questions

Even if there exist other studies that try to simulate the impact on production from decoupled
programs; the present study is focused on the grounds that affect farmers’ behaviour.
Specifically, it wants to focus on the risk related effects of the decoupled payments given in
the EU.
Even if the related bibliography is ample, only few studies that carried out empirical research
in order to estimate the impact of decoupling on farmers’ risk attitudes under the Common
Agricultural Policy (CAP) were found. The main examples are: MORO and SCKOKAI (1999)
and (2006) for Italy; KOUNDOURI et al. (2009) for Finland;. Risk attitudes were also tested
in arable crop producers in Spain (SERRA et al., 2008) but their focus was to compare risk
preferences between organic and conventional farmers and not the effects of the decoupled
payments. LANSINK (1999) also tested empirically risk attitudes and land allocation for
Dutch farms, but the period (1975-1992) does not cover the process of decoupling in the EU.
Moreover, no study found seemed to assess the change in risk attitudes derived from the 2003
reform and the implementation of Single Payment Scheme after 2005. This study, to the best
of our knowledge, is the first one that does that for Spain.

1.3.

Methods and data

The methodology chosen is the same used by SERRA et al. (2011), a Mean-Standard
deviation (MSU) approach which tries to include price and yield uncertainty, using data from
Farm Accounting Data Network (FADN), for the period 1995-2008 for a sample of field crops
producers in Catalunya.

1.4.

Limitations and expected results

Compared to other Expected Utility Maximization (EUM) models, the MSU model has been
less exploited, and results should be read carefully. First of all, it has to be made clear that our
study does not quantify or assess the impact of payments on production or trade, and it only
analyses the sensitivity of farmers’ behaviour. Second, several assumptions had to be made
concerning farmers’ behaviour (e.g. how or which risks are considered by farmers) or
concerning the technological specification (e.g. which inputs should be included in the
production function). And third, the scarce data availability led to other choices having to be
2

made in order to apply the model. These and other limitations that were found in the course of
the study are further discussed in section 6.2.
In spite of all the limitations, it is expected to find some evidences that farmers’ risk attitudes
are sensitive to the level of wealth, but, without knowing, a priori, how these attitudes might
have been affected by the changes that have happened in the type of payments given in the EU
during the period chosen for the study.

3

Chapter 2.

Context of the study

As explained in the introduction, the study context includes basically: the international
negotiations that have derived in the decoupling process (explained in section 2.1); as being
EU process of decoupling the specific case chosen, an overview of the reforms that describe
this process is presented in section 2.2; and the indirect effects that might derive from
decoupled payments are listed in section 2.3.

2.1.

WTO agricultural agreements

Since 1995, the international treaty valid in agricultural markets is the Agreement on
Agriculture (AoA). It was negotiated during the Uruguay Round (URAA) of the WTO that
took place between 1986 and 1994. The main result of the negotiations was that member
countries committed themselves to remove all agricultural support considered to distort
production and trade.
This removal had to be done progressively, following several commitments1 agreed upon in
the AoA. Anyhow, exceptions were allowed when the support fit some requirements. The
main requirement for domestic support to be exempt is that it must “have no, or at most
minimal, trade-distorting effects or effects on production” (Agreement on Agriculture, 15
April 1994, LT/UR/A-1A/2 p. 59).
As a consequence, developed countries started to switch the support given to farmers to a
more “decoupled” one, in order to be exempt from the commitments. Decoupled payments can
be considered as slump sum transfers “where the recipient cannot affect the size of the transfer
by changing his behaviour in any manner” (RUDE, 2008, p. 5), and for this reason, they
should not generate any incentive to produce.
Anyhow, the definitions of “decoupled” are not sufficient, because it is difficult to find
empirical evidences of distortion, and, even if possible, the question remains in what does
“minimal” exactly mean. The empirical attempts to find evidences of indirect effects from

1

For a deeper explanation on the commitments, rules and agreements deriving from the URAA, we recommend
to consult directly the Agreement on Agriculture (15 April 1994) LT/UR/A-1A/2.
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decoupled payments might not be conclusive, but, in general, they show that indirect effects
exist and should be considered in the WTO negotiations 2.

2

The current WTO negotiations are taking place since 2001 (Doha round).
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2.2.

The decoupling process in the European Union

Up to 1992, the basis of the CAP was market support. The instruments used were: guaranteed
prices, export subsidization, and border protection (early years in Table.2.1). Those measures
are considered to distort markets (both EU and world markets) with several consequences:
differentiated interior market; overproduction driven by the guaranteed prices (higher than
world market ones); lower world prices by selling this overproduction out of the EU, thanks to
export subsidization. This situation was not sustainable, not only due to how it damaged other
countries, but also because it was using most of the CAP expenditure (Figure 2.1).
Figure 2.1: The path of CAP expenditure 1980-2020 (in current prices)

Source: EUROPEAN COMMISSION (2011a).

2.2.1. From market support to direct payments
As a first step to decoupling, in 1992, the MacSharry reform reduced price support and export
subsidies, introduced compulsory set-aside and created compensatory payments (coupled
direct payments in Figure 2.1). These payments were applied for cereals, oilseeds and protein,
6

while other sectors were still subject to other schemes 3. They were specific for each crop but,
in principle, not proportional to the level of output (the area had to be cultivated but the
amount of the payment was not defined by the yields obtained). The following reform, Agenda
2000, reinforced these changes by further reducing market measures, increased direct
payments and included livestock products, except for the dairy sector.
In 2003, the Mid-Term Review of the Agenda 2000 went a step forward, aggregating all area
and headage payments into a Single Farm Payment (SFP or SPS). The payment became then a
unique payment per farm not related to any specific crop or yield. But several reasons caused
the payment to still be coupled to the farmer choices: some crops were excluded (like in the
case of fruits and vegetables), payments were conditional to cross-compliance4, set-aside was
still compulsory, and some sectors still had specific aids 5.
The Health Check in 2008 reinforced the Mid-Term Review, simplifying the SPS and
incorporating most of the aid schemes that were still in specific programs (except suckler cow,
goat and sheep premium) (Council Regulation (EC) No 73/2009); agreed on the complete
elimination of milk quotas up to 2015 and eliminated compulsory set-aside.

2.2.2. Present: Single Payment Scheme
The main tool currently used to support domestic producers in the EU is the Single Payment
Scheme (named after the health-check). It corresponds to the “decoupled direct payments”
shown in Figure 2.1. It was implemented after the Mid-Term Review (2003) and, even if it has
experienced some modifications, the main scheme continues in force.

3

e.g. sugar, olive oil, fruit and vegetables and wine were not cover by the reform; tobacco and milk were under a
quota system; meet was following a premium system per head of cattle (Council Regulation (EC) COM (91) 258
final)
4

Cross-compliance includes “statutory environmental, food safety, and animal health and welfare standards”
(COM/2002/0394 final p. 19).
5

e.g. Specific quality premium for durum wheat, Protein crop Premium, Crop specific payment for rice, Area
payment for nuts, Aid for energy crops, Aid for starch potato, Dairy premium and additional payments, Specific
regional aid for arable crops, Seed aid, Arable crops area payment, Sheep and goat premiums, Beef and veal
payments, Grain legumes aid (Council Regulation (EC) No 1782/2003).

7

The payment works through a system of entitlements that are owned by farmers. The only
requirements to receive the payment are: to own eligible land 6 to match with the entitlements
and, to meet the cross-compliance rules. The use of the land that could be declared for the
payment was limited to “any agricultural activity except for permanent crops and except for
the production of the products referred … on the common organisation of the market in fruit
and vegetables …(and)… processed fruit and vegetable products and potatoes …” (Council
Regulation (EC) No 1782/2003, p. 19)
Moreover, each Member State has some flexibility to implement the SPS, by choosing the
level of partial decoupling for some crops. This partial “coupling” is allowed for arable crops
(25% can be coupled); sheep and goats (50%) or beef (in some cases even 100%). Other
additional payments can also be provided, for example if they encourage the protection of the
environment or they improve the marketing of agricultural products and product specific aid
can be given under each country member choice.
The historical development of the CAP is summarized in Table.2.1.
Table.2.1: Historical development of the CAP
Early
years

Aims

Tools

MacSharry
Reform - 1992

Agenda 2000 1999

Food
security
Market
stabilization
Overprotection

Reduce
protection
Reduce overproduction
Budget
stabilization

Deepening in the
reform process
Rural
development

Price
support
Export
Subsidies
Import
tariffs

Reduce price
support
Remove export
subsidies
Direct payments
(fixed-acreage
payments)

2nd pillar
Modulation
Further reduce
price support
increasing direct
payments

Mid-Term
Review - 2003

Health check 2008

Restructure Rural
development
WTO
compatibility
Environmental
concerns

Reinforcing MTR
Distribution

Cross-compliance
Further
decoupling
Direct payments
more flexible

Modulation
Continue decoupling
Elimination
compulsory set-aside
Agreed on the
progressively
elimination of the
milk quotas

Source: Own preparation using EUROPEAN COMMISSION (2011b).

6

“‘Eligible hectare' shall mean any agricultural area of the holding taken up by arable land and permanent pasture
except areas under permanent crops, forests or used for non agricultural activities”(COM 1782/3 p.17)
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2.3.

Indirect effects from the decoupled payments

It can be argued that decoupled payments are less distortive than other measures previously
implemented; however, under uncertainty and imperfect markets, several reasons may
influence production choices, being the main ones: changes in the farmers’ willingness to
invest, distortion in labour markets, influence in land markets and land allocation, influence on
the expectations that farmers have on future policy changes, and changes on the risk attitudes
of the producers.
One of the difficulties of the study on these effects is that they may not act separately and
cross-effects should also be considered. Nonetheless, the following sections explain each one
of them separately.

2.3.1. Influence on investment
The effects on investment derived from decoupled payments are mainly two: firstly, direct
payments increase wealth, thus, giving agents more possibilities to invest than the situation
without payment; and secondly, they stabilize income, which “can lead to increased household
consumption, thus reducing savings and investments” (ANDERSSON, 2004, p. 22).
As empirical examples, O'TOOLE and HENNESSY (2013) test whether decoupled programs
alter credit constraints faced by Irish farmers. The results of their study show that, in fact,
decoupled payments reduce these constraints, and the effect on investment is more
pronounced for medium and small size farms. Other studies have also found that farm size is
an important factor for investment. VIAGGI et al. (2009), found that “in the more efficient and
expansion-oriented farms, decoupling is perceived as an opportunity for investment, while in
small, poorer performing farms the introduction of the Single Farm Payment (SFP) is viewed
rather as an opportunity for extensification, i.e. shifting to less input intensive production
techniques” (VIAGGI et al., 2009, p. 16).

2.3.2. Influence on labour market
Farming is known to be a sector where some agents usually work also in off-farm activities.
The fact that decoupled payments increase the on-farm profits can also affect the on-farm and
off-farm labour allocation, in the way that “the receipt of the payments increases farmers’
liquidity and hence reduces their reliance on off-farm work” (BHASKAR and BEGHIN, 2009,
9

p. 137). This is also discussed by AHEARN et al. (2004), who agree that off-farm hours can
be decreased either by a coupled or decoupled payment.

2.3.3. Influence on land markets and land allocation
Generally, the receipt of the payment is subject to the area owned by the farmers. It is still not
clear if this have a direct impact on production, but it has an impact in land market, creating
incentives to increase the amount of land remaining as agricultural and increasing the value of
agricultural land, even in the long-run.
AHEARN et al. (2004) discuss about how payments in the USA induce higher rents and how
this effect is stronger for decoupled payments than for previous payments that were more
linked to production. For example, they estimate that 33 cents of each decoupled payment
dollar is reflected in higher cash rents.
On top of the fact that farmers have to declare the area owned, in the case of SPS, not all area
can be declared as “eligible hectares” 7, making the decision on which crops to produce
dependant on the receipt of the payment.
There have been some attempts to evaluate empirically the effects of the payments on land
markets and on land allocation decisions. For example, MORO and SCKOKAI (1999) use a
dual approach that allows measuring the elasticities of production and land allocation of the
compensatory payments. The estimated responses provide evidence that the regime is not
neutral towards crop production, mostly influencing land allocation choices.
O'NEILL and HANRAHAN (2012) analyse the impact of changing support into decoupled
payments for Irish farmers’ land market decisions using dynamic probit and tobit models. The
empirical findings do not show impact on land’ markets, but they discuss how crosscompliance obligation creates incentives to keep land in agricultural use, instead of leaving it
idle or converted to non-agricultural activities.

7

“ ‘Eligible hectare' shall mean any agricultural area of the holding taken up by arable land and permanent
pasture except areas under permanent crops, forests or used for non agricultural activities” (COM 1782/3 p.17).
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2.3.4. Influence on expectations about future policies
Since the decoupling process started, the different payments (e.g. SPS in the EU) have been
going through changes in the way they are calculated, in the base-period used in the
calculations, in the crops included, etc. This fact makes farmers expect further changes in the
future and might change their present choices accordingly. For example PHILIPPIDIS and
SANJUÁN LÓPEZ (2009) suggest that the support could “provide the farmer an incentive to
maintain abnormally high levels of current production with the expectation that it will bestow
positive benefits in the future”(PHILIPPIDIS and SANJUÁN LÓPEZ, 2009, p. 6). Other
evidences can be found in the 1996 ARMS data (AHEARN et al., 2004), which indicates that
producers of vegetables, greenhouse crops, cattle, and poultry were mostly concerned about
changes in government laws and regulations than about yield or price variability.

2.3.5. Uncertainty and risk preferences
In general, in an uncertain environment, risk and risk attitudes are affected by the receipt of a
payment, given that it increases the total amount of income and that it stabilizes its variability.
In the case of decoupled payments, HENNESSY (1998) names two ways in which they can
affect production: the insurance and wealth effects. The first effect comes from the fact that
the payment stabilizes part of the producer’s income, reducing the risk that he faces. The
second one comes from the fact that some agents show different levels of risk aversion
depending on the level of wealth. Both effects can affect production through two channels: “(i)
the choice of output mix and (ii) the input decisions where the level of input use affects output
variability” (KOUNDOURI et al., 2009, p. 54).
HENNESSY (1998) also states that decoupled payments generate an increase in production.
That is true most of the times; but it is conditional to how input use is related to yield, as well
as to the specific risk aversion of the farmer.

11

Chapter 3.

Theoretical background

In the following sections, the basic risk theory (section 3.1) needed to understand and analyse
our topic of research is explained and, after understanding that, it is possible to compare other
similar studies that have empirically modelled farmers’ risk attitudes is presented (section 3.2)

3.1.

Risk theory

To be able to understand any study about risk attitudes in the farming sector, first we need to
know several basics of risk theory. These include: the nature of the risks that are typically
faced by farmers (section 3.1.1); how risk can be included in the specification of the typical
agricultural production functions (section 3.1.2); which attitudes, in general, agents might take
when engaging themselves in a specific economic activity (3.1.3); and then how can we
measure and interpret them (section 3.1.4).

3.1.1. Risk in farming
In the farming sector, risk can have different sources, such as yield variability (production
risk), laws and regulations changes (institutional risk), prices variability (market risk) or others
(e.g. health risk and personal injuries). But usually, the two main sources of uncertainty are
yields and prices, factors that are highly correlated (GOODWIN and MISHRA, 2006, p. 7). In
any case, assuming independence in the case of different data sources (e.g. farm-level data for
yields and aggregated data for prices) is admissible and has already been employed in several
studies, as discussed by SERRA et al. (2006).

3.1.2. Technology specification including risk
Once we know which risks we want to take into account, we then need to include them in our
model. The description of the production process in agriculture is usually done by a
production function where the output is function of the inputs.
However, the risk or variability of output is usually not considered adequately in the popular
production functions, mostly because the relation of inputs to the mean and to the variance of
output is not considered separately. JUST and POPE (1979) discuss how popular production
function specifications are restrictive given that “the marginal effect of increasing input use
must always be to increase the variability of output”(JUST and POPE, 1979, p. 277), which
means that inputs always affect yield and risk in the same sense (for example, if the use of
12

fertilizer increases yield, it must increase risk as well), which might not be always the case.
Thus, they proposed a procedure to solve this problem by specifying two production
functions8, “one which specifies the effects of input on the mean of output and another which
specifies the effects of input on the variance of output “ (JUST and POPE, 1979, p. 278).
Nevertheless, the methodology chosen for the current study follows SAHA (1997), who
proposed a different approach to include risk and risk aversion. He proposed a utility function
that specifies separately the ‘Mean’ and the ‘Standard deviation’ of wealth, where the risk is
included and represented by the Standard deviation of wealth, which can include yield risk,
price risk or others. Under this approach, the Standard deviation part of the utility function
does not include inputs as independent variables and the relation they have with the variance is
restricted by the use of a regular production function and the shortcomings detected by JUST
and POPE (1979).

3.1.3. Risk attitudes
The concept of risk attitude captures the behaviour that an agent may have in presence of
uncertainty. Under expected utility theory, that means that the agent is not only influenced by
the value of the expected outcome but also by the risk (probability, variability) associated to it.
Depending on this behaviour, agents can be classified as: risk averse, risk neutral, or risk
lovers. A risk averse agent is the one who prefers a lower expected profit if this one involves
less variability (less risks). On the contrary, a risk lover would prefer an activity that involves
more risk. Risk neutrality would then be when an agent is indifferent to the risks involved in
any activity, and only considers the excepted outcome.

8

Production function proposed by JUST and POPE: y = f(x) + g(x) where y is the output, x are the inputs, f(x) is

the mean production function and g(x) is the risk production fucnction.
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3.1.4. Measures of Risk Aversion and possible structures of risk attitudes
The Arrow-Pratt Coefficients of Absolute and Relative Risk Aversion
The risk aversion of an agent is measured by the amount of wealth, profit or expected outcome
(represented by x) the agent is willing to lose, in order to have less variability of income.
The Arrow Pratt coefficient of Absolute Risk Aversion (ARA) measures it as:
(1)
Where U(x) represents the utility function of an agent dependent on the expected outcome or
profit (x).
Given that most agents are, in fact, risk averse, the negative denotation is meant to help
interpretation: a positive ARA corresponds to Risk aversion, Risk loving corresponds to a
negative value of ARA and Risk neutrality to ARA=0.
But, in order to measure not only the risk attitude of an agent in a specific situation but also
the sensitivity of this attitude when facing a possible change in the expected wealth (x) (such
as receiving a payment), a second coefficient is needed. The Relative Risk Aversion (RRA)
measures how the ARA varies with changes in x (e.g. wealth).
(2)
A positive value of RRA means that the ARA is Increasing together with x (IARA) and that
implies that the agent becomes more risk averse when the wealth increases. On the other hand,
when RRA is negative (Decreasing Absolute Risk Aversion or DARA), it implies that the
degree of risk aversion becomes smaller when the agent is wealthier. Hence, when receiving a
payment, an agent would prefer activities that involve more risk (more production) than when
he was not receiving the payment. As for RRA=0 (Constant Absolute Risk Aversion), it does
not imply risk neutrality but it implies that the agent’s aversion to “a particular level of risk is
not affected by their level of wealth” (AHEARN et al., 2004, p. 37). Both measures present
the advantage that they do not depend upon the functional form chosen for the utility function
U(x).
Nonetheless, as SAHA (1997) discusses, the Arrow-Pratt coefficients measure the degree of
risk aversion, but they present some shortcomings when trying to represent the overall
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structure of the risk preferences. The following Table 3.1 summarizes these shortcomings. We
see that Arrow-Pratt coefficients cannot accommodate structures that involve Decreasing or
Constant Relative Risk Aversion, combined with Increasing or Constant Absolute Risk
Aversion9.
Table 3.1: Possible risk preference configurations using Arrow-Pratt measures

DARA (RRA<0)
CARA (RRA=0)
IARA (RRA>0)

DRRA
feasible
not feasible
not feasible

CRRA
feasible
not feasible
not feasible

IRRA
feasible
feasible
feasible

Source: (SAHA, 1997, p. 772)

Alternative Risk Measures using a Mean-Standard deviation approach
Given that we should not assume any a priori specific configuration on the structure of the risk
preferences, SAHA (1997) proposes a nonlinear Mean-Standard deviation utility framework
that provides flexibility to the representation of the risk preference structure (Table.3.2). The
approach is analytically equivalent to the EUM one, under a consistency condition, which is
met when “the choice set [is]... composed of random variables which differ from one another
only by location and scale parameters” (MEYER, 1987 in SAHA, 1997, p. 772).
In order to understand how this framework gives us the same information than the coefficients
explained before, we need to go to the specification of the Utility function over its first two
moments:
(3)
Where M and S represent the Mean and Standard deviation of the random wealth.
Under this framework, the degree of risk aversion (A) is now measured by:
(4)

9

For a deeper explanation of the reasons why Arrow-Pratt coefficients do not allow all risk preference

configurations can be found in SAHA (1997).
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And the two coefficients θ and γ10 give us the following information:
“1. risk aversion, neutrality, and affinity as γ>0, γ =0, and γ <0;
2. decreasing, constant and increasing absolute risk aversion as θ>1, θ=1 and θ<1; and
3. decreasing, constant and increasing relative risk aversion as θ>γ, θ=γ and θ<γ.”
(SAHA, 1997, p. 773)
We can see then, that the MSU approach allows for all combinations of Absolute and Relative
Risk preferences, as shown by Table.3.2:
Table.3.2: Alternative risk preference configurations using MS Utility

DARA
CARA
IARA

DRRA
θ>1, θ>γ
θ=1, θ>γ
θ<1, θ>γ

CRRA
θ>1, θ=γ
θ=1, θ=γ
θ<1, θ=γ

IRRA
θ>1, θ<γ
θ=1, θ<γ
θ<1, θ<γ

Remark: DARA (CARA, IARA) denotes decreasing (constant, increasing) absolute risk aversion. DRRA
(CRRA, IRRA) denotes decreasing (constant, increasing) relative risk aversion.
Source: (SAHA, 1997, p. 773)

10

Proof of the interpretation of coefficients can be seen in detail in Saha (1997).
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3.2.

Similar studies analyzing farmers’ risk attitudes

There exist several studies that have tried to model farmers’ behaviour under uncertainty, in
view to include risk and risk attitudes. The main methodological differences between the
related literature come from the type of risks taken into account; the specific functional forms
used to describe the utility function and the technology structure; and the a priori assumptions
on the structure of the risk attitudes.
There is a branch of studies, which do not assume any a priori configuration in the risk
attitudes’ structure. This is the case of SAHA (1997), who estimates a nonlinear MSU model
under risk, taking jointly into account technology and risk preferences. The utility function
proposed is nested to allow different structures of the risk preferences. This approach has later
been used by ISIK and KHANNA (2003) to estimate jointly how uncertainties about soil
fertility and weather affect the value of site-specific technologies estimating risk and
technology parameters. SERRA et al. (2011) use the same methodology to evaluate
empirically the relative price and risk-related effects of the 1996 US Farm Bill on the
production decisions.
Under an EUM approach, KUMBHAKAR and TVETERÅS (2003), specify a model where
the risk preference function is flexible enough to test different forms of the risk preferences.
They define a production function which allows inputs to be related to the variance (risk) and
mean of the output separately (as JUST and POPE, 1979). This procedure has also been used
by KOUNDOURI et al. (2009) to measure Finnish farmers’ risk attitudes and their response to
the accession of Finland in the EU.
In contrast, there are studies that assume some a priori form of the risk attitudes’ structure. As
examples we can find: COYLE (1999), which, under a MSU approach, assumes Constant
Absolute Risk Aversion (CARA); SCKOKAI and MORO (2006), whose model allows for
different forms of Absolute Risk Aversion but it assumes Constant Relative Risk Aversion; or
HENNESSY (1998) who uses a preference function that can only be accommodated to CARA
and DARA preferences.
Despite the fact that several studies have found evidence of a specific structure of the risk
attitudes of farmers, the a priori assumption remains still questionable. For example, even if
most of the studies (CHAVAS and HOLT, 1996; ISIK and KHANNA, 2003; KOUNDOURI
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et al., 2009; SAHA, 1997; SAHA et al., 1994; SERRA et al., 2008; SERRA et al., 2006) found
evidence of DARA preferences for farmers, assuming it from the beginning could potentially
lead to false results, given that we are analysing effects of decoupled payments, and, hence our
focus is not the Absolute Risk Aversion of one agent in a situation, but its sensitivity to
changes in wealth.
With regards to the main results of the studies analysing the risk related effects of decoupled
payments, almost all of them agree in their existence but differ in their magnitude:
Studies that analyse the effects of such programs in the USA seem to agree that they are not
large. For example, GOODWIN and MISHRA (2006) results “would seem to imply that
decoupled farm program payments are nearly production-neutral” (GOODWIN and MISHRA,
2006, p. 29). But, as they discussed, this could be due to the fact that payments represent only
a minor change of the overall wealth of the “typical” Corn Belt farm (they represent only 1,8%
of the average wealth of the farms of the sample). Empirical simulations done by HENNESSY
(1998) also found that the removal of a decoupled target price program for Corn would reduce
use of inputs, but the expected final effects would not be large (HENNESSY, 1998, p 53-54).
For the EU, studies seem to indicate a more significant impact. For example, SCKOKAI and
MORO (2006) empirical analysis and their simulations show that, under DARA, the riskrelated impacts of the Agenda 2000 and the Mid-Term Review reforms are important, mostly
caused by the insurance effect. Results of KOUNDOURI et al. (2009) also indicate that the
risk aversion of Finnish farmers decreased after accession to EU (1995).

18

Chapter 4.
4.1.

Methods and data

Model of production under risk

Following SERRA et al. (2011), a nonlinear MSU framework is used. Similar approach was
also used by MEYER (1987) and ISIK and KHANNA (2003).
The technology is represented by a single-output firm production function: y= f(x) + u where x
are the quantities used of the variables inputs, and u 11 is the random error term with zero mean
and variance σu2. So the mean and the variance of the input is expressed as =f(x) and σy2=σu2.
We assume that farmers maximize the expected utility of wealth, by representing total wealth
as W = W0 + pf(x) –wx + S, where W0 represents initial wealth (total fixed assets) p is the
vector of expected prices, which is assumed to be distributed independently from the
production error term, with mean p and variance σp2, w is the vector of input price, and S are
the subsidies received12.
The mean and standard deviation of the wealth are then:
(5)
(6)
While the Mean of wealth includes the typical variables used by other EUM models to
maximized profit, we see than the Standard deviation of wealth, in our case, is a combination
of output price and yield variability. As it has already been discussed, these are the main two
sources of risk in the farming sector. Input prices risk is not included, given that, at the
moment when farmers make the choice on production, the inputs prices are taken.

11

Contrary to the JUST and POPE (1979) specification, the MSU approach does not defines a risk function in the

technology specification, and, only the Mean production function is specified, while the risk is captured by the
standard deviation of wealth.
12

Total subsidies received (SE605 in FADN) except subsidies to investments. See Table 4.2.
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Assuming that all inputs are used at an intensive margin (x>0), the solution for the optimal
input application is then:
(7)
In more detail, the left side of this expression is the input’s expected marginal income:
(8)
this represents the impact on the wealth mean of an increase on the input use.
The second part of the right side measures the impact on the standard deviation of wealth of a
change in input use:
(9)
it shows the impact on the variability of wealth of an increase on input use.
And the first part of the right side is the marginal utility ratio of the utility function:
(10)

-

and it measures the farmers’ absolute risk aversion (same as A in equation 4). Which, by use
of equations 3 and 4, can be rewritten as:
(11)
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4.2.

Data preparation

In order to accommodate the data to estimate the model described above, some
transformations have been done. They consist in the aggregation of output quantities, the
preparation of input quantity indices, the elaboration of aggregate index of the expected output
prices and the calculation of the variance of the expected output prices:

4.2.1. Aggregation of output and input quantities
As in SERRA et al. (2011), a single output production function is used. Farms included in the
sample produce more than one crop per year, and an aggregation of output is needed. Thus,
index quantities have been computed (total value 13,14 of production divided by the
corresponding index price, Table A.1, Appendix A) per each crop, which were then
aggregated into a unique output quantity (y in Table 4.1). For the inputs only the index
quantities have been computed in the same way, but aggregation was not needed (x1, x2, x3
and x4 in Table 4.1).

4.2.2. Expectation of farmers about output prices
It has to be mentioned, that expectation on the prices and expectation on the risk that this
prices are two different factors. In this section we address each one of them separately, first
explaining what we have considered farmers expect from output prices (and their mean value)
and then addressing how to include price risk (variability) and the approaches considered in
each case.
Expected output prices
To include farmers’ response to the output prices (unknown at the moment when the
production decisions are taken) we need an assumption about how they create their
expectations about future prices.
CHAVAS and HOLT (1996) proposed an adaptative approach, which “assumes that, in each
period, farmers correct their “naive” expectations (prices in the previous period) considering

13

Column TP-Total production value = Sales (SA) + Farm use (FU) + Farm consumption (FC).

14

All the monetary values have been deflated to constant Euros in base 2005.
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the errors made in the past making the same type of predictions” (SCKOKAI and MORO,
2006, p. 48).
Thus, the proposal is to compute the expected price per commodity (i) as:
(12)
where Epti is the expectation at the time t for the price of the product i, pt-1 is the mean of the
deflated price at time t-1 for the product i, and δ is the mean of the first difference in p ti over
the sample period (of the past observations).
The resulting expected prices per commodity have been finally aggregated into a Paasche
index per each farm and year (observation):
(13)
where p1i represents the price of product i in period 1, q1i the quantity of product i for the
period 1 and p0i the price of product i for the base period.
Aggregating the Expected prices Ept is then:
(14)
As a result, we have a unique aggregate expected price per observation.

Expected output risk
Price risk is measured by the variance of prices. In the case of SERRA et al. (2011), this
variance is just included by taking the variance of the expected prices series:
(15)
where Ept are the series of expected prices resulting from the aggregation (that follows from
equation 14). Doing so, gives a unique value for the whole sample and it assumes that farmers
consider several years (as the entire E pt series is included in formula 15).
But as COYLE (2007) mentions “...price risk should be aggregated over commodities by
applying index number theory to aggregate price variances and covariances rather than by
calculating a variance of an aggregate price index...” (COYLE, 2007, p. 1090).
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In order to obtain a way to include price risk as a series, the “adaptative” approach (CHAVAS
and HOLT, 1996) was considered. It proposes to compute the variances of prices as:
(16)
where the weights wj are 0.5, 0.33 and 0.17. With this approach, a series of output variance is
obtained per each observation.
But this series of variances only considers the variability of the past 3 years, which can be
interpreted as if farmers only consider the past 3 years risk. Finally, this assumption was not
found satisfactory and the unique value presented in formula 15 was preferred.
Nevertheless, it was found interesting to show how the results might change, depending on
which variance include, and the model was also calculated using this last formula 16. This is
shown in a separated section 5.2 from Chapter 5.
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4.3.

Empirical specification and estimation details

As our data do not have separate quantities of input use per crop, an aggregated multi-input
quadratic production function has been used:
(17)
where

is the aggregated output quantity and xi are the input quantities15. How aggregation of

quantity indices has been done is explained above in section 4.2.
From this production function, first order conditions have been drawn, given the following
system of i (from 1 to n inputs, in our case 4 inputs) equations:
(18)
where θ and γ are the coefficients defining the structure of the risk attitudes (as in Table.3.2).
The mean and standard deviation of wealth of have been calculated from equation 5 and 6. For
equation 6 (Standard deviation of wealth), σ y2 has been directly computed from the residuals
from the production function (σy2=σu2) and σp2 has been computed as shown in equation 15
(page 22).
The procedure includes a first step estimation of the production function 17 by OLS.
Coefficients of this first step estimation have been use to compute first order conditions (

)

for the 4 inputs, as well as the fitted values from the production function |y| and then used in
formula 18 to obtain the system of four equations. The system has then been solved by 3SLS
using input prices and price moments as exogenous variables 16. Such a system of equations
requires the definition of some initial parameters for the unknown coefficients (θ and γ) to
help results to converge. In our case, the equations were estimated separately (non linear leastsquares) and an average value of the 4 equations was used for the initial values for θ and γ
(details of these estimations are shown in the Appendix B, Table B.5).

15

Inputs finally considered: Seeds and plants; fertilizers and soil improvers and plant protection products and

pesticides.
16

As in SAHA (1997).
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In addition, a two step procedure like the one we use will lead to inaccurate estimates of the
parameters’ standard errors (SERRA et al., 2011, p. 21). To address the problem we use
bootstrapping methods, by drawing 500 pseudo-sample with replacement and re-estimate the
model for each one, thus generating a sample of parameter estimates. Standard errors have
been recalculated as the standard deviation of this sample of parameter estimates. Results of
this specification are shown in section 5.1.
The whole procedure was then re-done (section 5.2), but replacing the variance of expectative
prices by the ones explained in section 4.2, (using variance as in formula 16). But for this
estimation no bootstrapping has been done.
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4.4.

Data sources and description

The main data source of this study comes from FADN for the region of Catalunya, containing
single-farm data for 1878 farms (unbalanced panel with 6467 observations) for the period
1990-2008.
The data contains information about output produced, inputs used, subsidies received and
other descriptive data about farm income, structure, financial situation... However, it does not
include input or output prices, and, thus, they have been taken from CAPRI 17 database
(Appendix A, Table A.1).
In order to analyze the optimal choices made by farmers year to year, we have focus in
specialists in field crops, who do not devote area to permanent crops (orchards, vineyards...)
and do not produce livestock as a main output. In more detail, the final data has been reduced
selecting only those farms which are classified as a Specialist Field Crops18 for most of the
years (50% of the years), that devoted at least 65% of the average area to field crops and that
do not produce more than 50% of its value in livestock. Given the availability of index prices,
the final period has been reduced to 1995-2008. Some other outliers have been removed
(negative data for initial wealth, zero input quantities, etc.). The resulting data contains an
unbalanced panel of 106 farms (490 observations).
Resulting descriptive statistics, after the transformations described above, are shown in Table
4.1. It shows that the most intense inputs used are energy and fertilisers and soil improvers.
Nevertheless the numbers show quantity indices, and the table has to be read carefully.

17

BRITZ and WITZKE (2012).

18

Classification given by FADN data; general TF 1: Specialist field crops (version 2003/369 (EC)).
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Table 4.1: Descriptive statistics of the resulting sample
n = 490 observations
Farms per year
y (aggregated output quantity index)
x1 Quantity index input 1 (plant protection)
w1 (price of input 1)
x2 Quantity index input 2 (fertilisers and soils improvers)
w2 (price of input 2)
x3 Quantity index input 3 (seeds and plants)
w3 (price of input 3)
x4 Quantity index input 4 (energy)
w4 (price of input 4)
S (Total subsidies)
W0 (Initial wealth, fixed assets)
Expected Price (p)

Mean
35.0
47326.9
3305.4
96.1
6754.0
96.8
3734.5
97.8
4314.2
82.2
10899.7
384791.8
104.5

The Table 4.1 above, shows the total amount of subsidies received in average by the farmers
(S). This value represents, on average, the 23% of the mean output per farm, but only the 3%
of the fixed assets (W0). In order to see the nature of the payments received, Table 4.2 shows
them classified per type of payment. We see how the total amount of subsidies received per
farm (average) has increased for the period of the study (from 4870 € to 21792 €).

e also see

that, indeed, the decoupled payments (Single Farm Payments or SPS) were implemented from
2006 on. Nevertheless, the coupled payments (Area payments) are given during the whole
period of the study, but in the last 3 years they are substantially reduced. This data also
coincides with Figure 2.1, where we see the relatively increase on the coupled payments up to
2005, in detriment of other market measures, and how they switched to decoupled payment
after this point.
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Table 4.2: Average subsidies from the sample per year and type of subsidies (in constant Euros 2005)
Total Subsidies on crops
Year

Total

19

Compensatory/ Set Aside
Area payments Premiums

Decoupled Payments

Other

Single

crops

Farm

Additional
Aid

subsidies Payments

Total
Subsidies
on
Livestock

Total Support

Subs. on

Subs. on

to Rural

intermediate

external

Development20 consumption

factors

Other
Subs.

1995

4870

4396

371

59

0

0

45

0

0

0

0

1996

7402

6995

319

88

0

0

0

0

0

0

0

1997

6243

5139

343

106

0

0

605

0

19

0

31

1998

6259

5832

264

119

0

0

2

0

9

0

33

1999

6838

5957

597

238

0

0

0

0

0

0

46

2000

7470

6678

536

175

0

0

0

64

0

0

16

2001

8951

7636

538

586

0

0

0

157

0

0

35

2002

10222

8463

888

652

0

0

0

155

0

26

38

2003

9399

8386

739

15

0

0

0

121

100

5

34

2004

12605

10650

1134

39

0

0

290

449

0

10

32

2005

10270

8520

791

27

0

132

0

396

271

9

123

2006

17574

2926

41

30

13009

196

0

1171

154

8

39

2007

15835

2512

23

25

12022

261

0

116

730

12

134

2008

21792

1876

20

5274

13409

253

0

543

367

0

51

19

Exclude subsidies on investments

20

Includes Environmental and LFA subsidies

28

Chapter 5.

Results

The results are structured as follows: the first section 5.1 summarises the main findings related to
risk attitudes structure for the sample studied and the second section 5.2 shows the model’ results
using the standard deviation of expected prices as calculated in the adaptative approach.

5.1.

Main model results

The main results from the estimation of the production function and system of equations are
shown in Table 5.1 and Table 5.2.
After testing different specifications for the technology, a quadratic production function with 4
inputs and their cross-effects (Table 5.1) was chosen over a Cobb-Douglas (Table B.4) or a
quadratic function with the inclusion of a parameter defining the altitude of the region (Table
B.3).
After the bootstrap, only two of the terms included show to be significant at the 5% level or less
(x3 and x4) and two show significance between 5-10% (x42 and x1 x4).
Table 5.1: Production function estimates
Coefficient
c
x1 (Crop Protection)
x2 (Fertilizers and soil improvers)
x3 (Seeds and plants)
x4 (Energy)
x12**
x22**
x32**
x42**
x1x2**
x1x3**
x1x4**
x2x3**
x2x4**
x3x4**
R-squared
0.909006
(*)

Std Error*

5905.77
0.43
1.17
3.98b
3.43a
-0.18
0.01
-0.34
-0.16c
-0.09
0.57
0.29c
0.18
0.13
-0.39
Adjusted R-squared

: recalculated from the bootstrapping
: Terms scaled by 1/103.
a) Significance <1%
b) Significance <5%

(**)
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c)Significance<10%

4577.23
1.23
0.88
1.80
1.12
0.13
0.06
0.23
0.09
0.16
0.33
0.15
0.21
0.17
0.29
0.906324

Both parameters describing the risk attitudes structure (γ and θ) show significance at less than
1% (Table 5.2).
Table 5.2: Estimates from the system of equations – Main model
Std. Error*
0.296a
0.486a

Coefficient
1.694
1.364

γ
θ
(*)

: recalculated from the bootstrapping
a) Significance<1%

As for the interpretation21 of this parameters, in addition to the main results from the table above,
several hypothesis were tested, using the bootstrap standard errors.
The hypothesis of risk neutrality (γ = 0) is rejected in favour of risk aversion (γ is bigger than 0);
θ>1 indicates Decreasing Absolute Risk Aversion (or DARA), but the test of Constant Absolute
Risk Aversion (CARA or θ = 1) is not rejected. This results coincide with other studies (e.g. Isik
and Khana, 2003; Chavas and Holt, 1996; Serra et al., 2006; Serra et al., 2011; and Koundori et
al., 2009), who also found evidences of DARA.
A linear MSU model would be a special case when θ=1 and γ=1. In our case, even if CARA (θ =
1) cannot be rejected, the assumption of γ = 1 is rejected at less than 1% level.
By testing γ = θ, we cannot completely reject the Constant Relative Risk Aversion structure,
even though the coefficients indicate IRRA (θ< γ).
Table 5.3: Summary of the hypothesis tested using standard errors from the bootstrap
Test

Null Hypothesis

p-value

Rejection?

γ=0
θ=1
γ=1
θ=1
θ=γ
(or γ - θ=0)

0,00
0.45
0.02
0.45

Hypothesis rejected
Hypothesis not rejected
Hypothesis rejected
Hypothesis not rejected

0.56

Hypothesis not rejected

Risk neutrality
Constant Absolute Risk Aversion
Linear Mean Standard deviation
Constant Relative Risk Aversion
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Interpretation of γ and θ follows Table.3.2
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These results for themselves do not tell us whether there has been a change in the risk attitudes
after the implementation of the single payment scheme.
To further investigate if the risk attitudes have changed substantially after 2005, the value of A
(equation 11) has been calculated per observation using parameters from Table 5.2 above. The
mean value of A per year is presented in Figure 5.1. The value of R (mean) do not seem to
indicate a change in the risk aversion on farmers after the implementation of the SPS, and the test
of equality of means before and after 2005 do not indicate that the mean of A for both periods
differ (Table B.7 in Appendix B).
Figure 5.1: Mean value of A per year
500000

480000
460000
440000
420000
400000
380000
360000
340000
320000
300000
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
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Another interesting point analysed by some studies, is how risk attitudes differ by farm size. For
that reason, the value of A distributed by size classification has been computed (Figure 5.2). We
can observe that the risk aversion of small farms is higher than for larger farms (1 being the
smallest farms, less than 2 ESU and 10 being the largest ones, more or equal than 250 ESU).
This results are in line with the results of other studies (e.g. ISIK and KHANNA, 2003;
KOUNDOURI et al., 2009; SCKOKAI and MORO, 2006).
Figure 5.2: Value of A per farm, distributed per sizeclass 22
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8
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0
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800000
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In summary, even if the hypothesis of Constant Absolute Risk Aversion cannot be rejected, the
main results seem to indicate DARA preferences for the farmers included in the farm. As
expected, farmers were found to be risk averse, and this risk aversion can vary depending on the
level of wealth, specifically farmers’ risk aversion is lower when their wealth is higher. The fact
that the degree of risk aversion is influenced by the farm size is not surprising, as we could
expect bigger farms to be more business oriented than smaller farms. Not having found

22

Economic size class as defined by FADN (Council Regulation (EC) No 1217/2009).
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evidences of changes in the risk aversion degree derived from the mid-term review reform that
replaced compensatory payments by SPS might indicate that the efforts made in the EU to
completely decouple support from production have not been enough, and risk-related effects are
still present.
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5.2.

Model using adaptative approach for the variance of the expected
output prices

This section does not want to give results on the real farmers risk aversion, but just tries to
understand how the MSU approach captures risk. Hence, no bootstrap was performed.
As reminder, our model includes both yield and output price risk, but this section only analyses
the sensitivity of changes on output price risk, first, because we assume that farmers consider it
as most important, and second, because the bibliography does not seem to have a common
methodology.
Beyond the assumptions on the way farmers form their expectations on output prices, we wonder
whether choosing one or other variance for the output price risk really changes the results’
interpretation.
For that purpose, the whole system of equations was estimated using estimates from the same
production function as before (Table 5.1) but with the variance computed as in equation 16,
which assumes farmers only account for the past 3 year variability of output prices. The results
are shown in the following Table 5.4:
Table 5.4: Estimates from the system of equations – Model with “adaptative” variance of
expected prices
γ
θ

Coefficient
1.389289
0.835034

Std Error.
0.034ª
0.051a

a) Significance <1%

We see that both coefficients are lower than the main model before. The fact that γ is still
positive, but lower, indicates the general degree of risk aversion is less. Now, θ is below 1, which
indicates IARA instead of DARA. But still, γ is bigger than θ, which indicates IRRA.
In general, the choice of the variance of the expected prices matters, but it seems logic that
farmers show lower degree of risk aversion when we assume them to consider only three years
variability. Also, regardless of the choice of variance included, both models show DARA and
farmers to be risk averse, which are the two main interpretations of our study.
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Chapter 6.
6.1.

Final considerations and limitations of the study

Final Considerations

Recapitulating, this study has analyzed one of the indirect effects from decoupled payments that
might create distortion in production and trade. Specifically, the effect modelled has been
farmers’ risk attitudes using as an example of decoupled payments the ones given under the CAP
in Catalunya, for the period 1995-2008. The methodology chosen has been a MSU approach,
which allows for any configuration of the risk attitudes (any combination of Absolute and Risk
aversion), including price and yield uncertainty. Specific impact on production and trade has not
been measured, but evidences that farmers’ behaviour is affected by the receipt of decoupled
payments have been found. In that sense, farmers contained in the sample have been found to be
risk averse and showing Decreasing Absolute Risk aversion. Evidences of DARA can be
interpreted as farmers being less risk averse when their wealth is higher and this fact usually
involves an increase in production. Moreover, during the period of the study, no evidences of
important changes in these risk attitudes could be found, even if there have been several reforms
of the CAP in this period (Agenda 2000 in 1999 and MacSharry reform in 2003).
Moreover, in the way they are currently design (linked to the owned area and limited to certain
crops or uses of the land); the payments are still not completely decoupled. The EU has already
taken into account the limitation of activities can be developed in the land under payment by
enlarging the definition of eligible area to include “all agricultural land” 23 in its last proposal to
reform the current SPS for the period 2013-2020 (EUROPEAN COMISSION Corrigendum
SEC(2011) 1153 final/2, p.36). But, to the best of our knowledge, no proposal has been done yet
in order to solve the land linkage.
Nevertheless, given that no evidences of changes in farmers’ risk attitudes have been found for
the two reforms implemented during the period of the study, expectation that this slight
modification of the eligible area would contribute to make farmers’ risk aversion change is low.

23

“(a) any agricultural area of the holding that is used for an agricultural activity or, where the area is used as well
for non-agricultural activities, predominantly used for agricultural activities; or (b) any area which gave a right to
payments in 2008 under the single payment scheme or the single area payment scheme laid down” (COM
(2011)/625 final/2, p. 36)
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In the international context, countries continue to debate how to liberalize completely
agricultural markets and studies as this one, may support the positions that plead for the complete
abolition of any kind of direct support to farmers.
Highly supported countries, among other explanations, are currently using the definition
included in the AoA, given that it does not specify what “minimal” means, to cover their backs.
Naturally, they also claim that current decoupled payments are actually less distortive than
previous market measures.
In my opinion, competitiveness and development of the farming sector, is held back by directly
supporting farmers. Environmental or social justifications are not enough, and other management
tools should be implemented to achieve specific targets (for example, related to this study, risk
assessment tools). Nonetheless, if developed countries want to keep supporting their farmers,
there is a need to quantify exactly impact on production and trade from decoupled payments, and
to define exactly what “minimal” means.
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6.2.

Limitations of the study

Several limitations from different natures have been found during the elaboration of the present
study and I tried to list them from the more general issues, as the typical limitations posed by
economic models, to the more detailed problems, as the data availability.
First of all, there are the typical constraints posed by the simplification of real processes using
economic models and what these models entail. In our case, as in the case of most the related
bibliography, the focus is not on the psychological or social characteristics 24 of individuals, but
tries to extract conclusions by observing their resulting behaviour. Furthermore, in general, the
models consulted (as well as this one) use a maximization problem that assumes that farmers
only maximize one simple objective function. But SUMPSI et al. (1997) point out that “the
actual behaviour of farmers cannot be explained by the optimization of a single objective but by
a compromise between multiple objectives” (SUMPSI et al., 1997, p. 64). Moreover, our model
only assesses risk attitudes, and does not take into account the other indirect effects25 that can be
derived from decoupled programs. Most of these issues cannot be solved by modifying the
model or its assumptions, as they come along with the specific choice of the research question,
which was to focus on risk attitudes effects from the decoupled programs.
Other restrictions are conditional on the specific choice of approach, which in our case is the
MSU model. For example, while the main advantage of the MSU is that it is flexible enough to
accommodate any structure for the risk aversion attitudes; we should be aware that it does not
allow farmers to have different structures between them (we obtain only one γ and one θ
coefficient for the whole sample). For example, this is not the case for the approach used by
KOUNDOURI et al. (2009), which assessed the risk aversion per farm included in the sample. In
the MSU approach this could be solved, in some extent, by creating sub-groups, in order to, for

24

as done in the MCDM approach used by BERBEL et al. (1998).

25

e.g.: changes in the farmers’ willingness to invest, distortion in labour markets, influence in land markets and land

allocation, influence on the expectations that farmers have on future policy changes.
To the best of our knowledge, no study empirically analyzes how the five effects counteract. This has been only
partially done (e.g. SERRA et al. 2005, which analyzes the off farm labour allocation together with risks attitudes;
KOUNDORI et al. (2011) who assess together land allocation and risk attitudes).
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example, classify them by economic size. But, in our case, the sample was not ample enough to
do so.
As it has been explained, this study contributes to the branch that focuses on the indirect effects
that can affect farmers’ behaviour, but it does not quantify exactly by how much the production
varies. I am aware that in order to draw better policy implications this should be done, for
example, by computing the elasticities of the farmers’ income to the decoupled programs (as
done in the comparative static analysis in SERRA et al., 2011, p. 20), but I decided to focus only
in detecting the risk attitude structure.
Other assumptions, related to the MSU, but not only found on this approach, include the one on
the farmers’ expectations on output prices chosen. Of course, the best way would be testing for
it, instead of assuming, but this is left for the field of experimental economics or psychology.
This assumption has to include what farmers expect for the mean of the prices and for the risk
associated to them. I showed two different ways of including the variance of output prices (that
represents risk), but I did not show other ways to include the expected prices themselves (mean).
Testing for other ways to include expectation on prices would be a good exercise, but I found the
adaptative approach to be clear and logic26. But regarding the way this approach includes the
price risk27, it seemed poor and the variance of the series of past expected prices was preferred
instead. Nevertheless, the changes in the model results if the adaptative approach had been used
is shown as well. Even if results from both models differ substantially, the results seem to follow
the logic behind each assumption.
Furthermore, one could argue about why the model takes into consideration expectation on
output prices, but does not consider any other way to include expectation on yields or input price
risk at all. For the yield variability, I am aware that farmers must have some
expectations/predictions on the conditions that define it (such as weather), but no approach that

26

As a reminder this approach was proposed by CHAVAS and HOLT (1996) and it “assumes that, in each period,

farmers correct their “naive” expectations (prices in the previous period) considering the errors made in the past
making the same type of predictions” (SCKOKAI and MORO, 2006, p. 48).
27

Price risk is represented by the variance of the three last years’ expected prices with declining weights (CHAVAS

and HOLT, 1996).
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took it into consideration was found. For the inputs risk, we did not consider it, as it was
assumed that they were known by farmers at the moment when the decisions were taken
(beginning of the growing season).
Looking at the production function finally specified, one could wonder why only four inputs
have been included, leaving out important ones such as labour, and why no other variables have
been included. The focus was neither the production function itself (inputs influence on the mean
output) nor the influence of each one of the inputs with risk. The focus was the parameters
defining risk aversion structure, and the general fit of this equation was enough to derive the
system of equations that gives this structure configuration.
Another restriction is that the MSU approach does not allow the inputs to be related to the mean
and to the variance of wealth separately. This can drive to inaccurate estimation of the marginal
impacts of inputs in the Standard deviation of wealth. Moreover, as JUST and POPE (1979)
discuss, “because of heteroskedasticity, hypothesis testing about the importance of various
variables cannot generally be performed”(JUST and POPE, 1979, p. 278). The problem of the
inputs effect in Standard deviation of wealth was not addressed, but hypothesis testing has been
possible after bootstrapping methods were applied.
Other restrictions are caused by the data availability. As previously explained, the main database
is from FADN; and it comprehends a sample covering information on inputs use, output
quantities, subsidies received per type of subsidy and other variables at a single-farm level for
the period from 1990 to 2008. Data for output and input prices was taken from CAPRI 28. This
data influenced the model in the following ways:
o

farmers are not present in all years (unbalanced panel), and this limits the dynamic

approach, and so, our model is static;
o

input quantities use per each crop is not available, and a multi-input production

function with aggregated input and output quantities had to be use;

28

BRITZ and WITZKE (2012).
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o

to be able to observe input choices made each year, the sample was substantially

reduced to only specialist field crops with some more conditions29, because it was consider that
field crops annual cycle allows to see this choices. Anyway, some of the farmers contained in the
sample might still had produced livestock or multiannual crops (fruit trees) but this production
was marginal and not entered in our model;
o

the data finishes in 2008, and that means that only 3 years for the Single Payment

Scheme could be included in the model. The advantage was that latter data was larger (e.g. in
2008, the sample includes 62 farms, while the average per year is 35);
o

prices prior to 1992, even if available, were not taken into account, as those prices

were still under market measures (guaranteed prices) and its treatment should be completely
different30. This plus how expected prices are computed is why the study starts only from 1995,
given that this computation uses past errors made.

These are the general limitations that could be detected, and I tried, to the best of my
possibilities, to address them. But even if this study is just a small part of the research needed to
that purpose, I hope that other studies will find it useful, and the methodological challenges will
be solved, either by the help of better data availability (larger sample periods and number of
farmers included), or by the improvement of the specific methods used.

29

e.g. farmers that devoted at least 65% of the average area to field crops and that do not produce more than 50% of

its value in livestock.
30

To include data with guaranteed prices truncation could be use (as done by LANSINK, 1999, or SCKOKAI and

MORO, 2006)
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Appendix A. Additional data description and preparation
Table A.1: Comparability of data sources: CAPRI31 vs. FADN
FADN – Values of production
Description
Code
Outputs / Crops
K120 Common wheat
SWHE
K121 Durum wheat
DWHE
K122 Rye
RYEM
K123 Barley
BARL
K124 Oats
OATS
K125 Summer cereals mix.
OCER
K126 Grain maize
MAIZ
K127 Rice
PARI
K128 Oth. cereals
OCER
K331 rape
RAPE
K332 sunflower
SUNF
K129 Dry pulses
PULS
K135 oth. indust._crops
OIND
K326 fodder maize
MAIF
K327 oth. silage_cereals
OFAR
K328 oth. fodder_plants
K140 flowers open_air
FLOW
K136 fresh veg._op.field
VEGE
K137 fresh veg._mkt gard.
K130 Potatoes
POTA
K349 pome fruit excl.table grapes
APPL
K350 stone fruit excl. olives
K351 nuts
OFRU
K154 olive groves
OLIV
K150 meado. + perm.past.
GRAS
K151 rough grazing
K299 straw
STRA
K301 other by prod.
OCRO
Inputs
SE285 Seeds and plants
SEED
SE300 Crop protection
PLAP
SE295 Fertilizers
FERT
SE345 Energy
ENER
Code

31

BRITZ and WITZKE (2012).
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CAPRI – Index prices
Description
Soft wheat
Durum wheat
Rye and meslin
Barley
Oats
Other cereals
Grain maize
Paddy rice
Other cereals
Rape seed
Sunflower seed
Pulses
Other industrial crops
Fodder maize
Fodder other on from arable
land
Flowers
Vegetables
Potatoes
Aggregated from auxiliary data
for apples, pears and peaches
Other fruits
Olive oil
Gras
Straw
Other crops
Seed
Plant protection
Fertilizer and soil improvers
Energy

Appendix B. Detailed results
Table B.2: Main quadratic production function, estimation details.
p-value

p-value*

c
5905.774 4577.226577
1.290
0.00
x1
0.428777 1.234699244
0.347
0.53
x2
1.166636 0.875790488
1.332
0.01
x3
3.982355
1.79844086
2.214
0.00
x4
3.429566 1.116552247
3.072
0.00
2
x1
-0.000183 0.000128038
-1.429
0.00
2
x2
1.04E-05
6.0164E-05
0.173
0.36
x32
-0.000342 0.000229217
-1.492
0.00
2
x4
-0.000157 8.80932E-05
-1.782
0.00
x1x2
-8.76E-05
0.00015653
-0.560
0.00
x1x3
0.000568 0.000326751
1.738
0.00
x1x4
0.000286 0.000152635
1.874
0.00
x2x3
0.000175 0.000212745
0.823
0.00
x2x4
0.00013 0.000173374
0.750
0.00
x3x4
-0.000392 0.000294015
-1.333
0.00
(*)
: recalculated from the bootstrapping standard errors.
R-squared
0.909006 Mean dependent var
Adjusted R-squared
0.906324 S.D. dependent var
S.E. of regression
23053.73 Akaike info criterion
Sum squared resid
2.52E+11 Schwarz criterion
Log likelihood
-5609.998 Hannan-Quinn criter.
F-statistic
338.9369 Durbin-Watson stat
Prob(F-statistic)
0.000000

0.20
0.73
0.18
0.03
0.00
0.15
0.86
0.14
0.08
0.58
0.08
0.06
0.41
0.45
0.18

Coefficient

Std. Error* t-Statistic*

xii

47326.94
75322.88
22.95918
23.08758
23.00960
0.905875

Table B.3: Production function estimation including a dummy about altitude zone 32
Dependent Variable: Y
Method: Panel Least Squares
Date: 12/18/13 Time: 09:14
Sample: 1995 2008
Periods included: 14
Cross-sections included: 106
Total panel (unbalanced) observations: 490
Y = C+ Β(10)*X1 + Β(20)*X2 + Β(30)*X3 + Β(40)*X4 + Β(11)
*X1^2 + Β(22)*X2^2 + Β(33)*X3^2 +Β(44)*X4^2 + Β(12)*X1*X2
+ Β(13)*X1*X3 +Β(14)*X1*X4 + Β(23)*X2*X3 +Β(24)*X2*X4+
Β(34)*X3*X4 + Β(99)*A_1 + Β(98)*A_3

C(1)
Β(10)
Β(20)
Β(30)
Β(40)
Β(11)
Β(22)
Β(33)
Β(44)
Β(12)
Β(13)
Β(14)
Β(23)
Β(24)
Β(34)
Β(99) (altitude dummy)
Β(98) (altitude dummy)
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

32

Coefficient

Std. Error

t-Statistic

Prob.

1738.808
0.883168
1.276676
3.849762
3.555023
-0.000204
6.54E-06
-0.000350
-0.000165
-9.18E-05
0.000581
0.000304
0.000188
0.000135
-0.000420
5403.689
-5072.499

2995.092
0.693547
0.420428
0.794743
0.529213
3.68E-05
1.13E-05
4.03E-05
2.64E-05
2.46E-05
6.41E-05
5.23E-05
4.03E-05
3.39E-05
0.000104
2782.595
3786.121

0.580552
1.273407
3.036608
4.844033
6.717570
-5.553211
0.578661
-8.679907
-6.248026
-3.738886
9.063543
5.801777
4.666859
3.976177
-4.054694
1.941960
-1.339761

0.5618
0.2035
0.0025
0.0000
0.0000
0.0000
0.5631
0.0000
0.0000
0.0002
0.0000
0.0000
0.0000
0.0001
0.0001
0.0527
0.1810

0.911350
0.908351
22802.89
2.46E+11
-5603.604
303.9121
0.000000

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

47326.94
75322.88
22.94124
23.08676
22.99839
0.917814

In FADN altitude zone is given by 3 categories: less than 300 m, between 300-600 meters and more than 600.

xiii

Table B.4: Production function. Cobb-douglas
Dependent Variable: LOGY
Method: Panel Least Squares
Date: 12/18/13 Time: 10:34
Sample: 1995 2008 IF X1>0 AND X2>0 AND X3>0 AND X4>0
Periods included: 14
Cross-sections included: 99
Total panel (unbalanced) observations: 479
LOGY = C+ Β(10)*LOG(X1) + Β(20)*LOG(X2) + Β(30)*LOG(X3)
+ Β(40)*LOG(X4)

C(1)
Β(10)
Β(20)
Β(30)
Β(40)
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

Coefficient

Std. Error

t-Statistic

Prob.

4.254343
0.180081
0.224140
0.200164
0.170735

0.185906
0.025809
0.027984
0.034026
0.025317

22.88443
6.977322
8.009593
5.882703
6.743796

0.0000
0.0000
0.0000
0.0000
0.0000

0.723828
0.721498
0.448360
95.28664
-292.9243
310.5807
0.000000

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

10.33558
0.849596
1.243943
1.287489
1.261061
0.800237
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Table B.5: Equations estimated separately
Method: Least Squares. Number of observations 490.
Equation 1 (derivative on input 1, plant protection)
Convergence achieved after 7 iterations
P_EXP_*FOC1 = W1 + (Γ/Θ)*(W_EXP)^(1-Θ)*
SD_W_EXP^(Γ-1)*(F_X*FOC1*(VAR_P/ SD_W_EXP))

Γ
Θ
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
Durbin-Watson stat

Equation 2 (derivative on input 2, fertilizers and soils improvers)
Convergence achieved after 5 iterations
P_EXP_*FOC2 = W2 + (Γ/Θ)*(W_EXP)^(1-Θ)*
SD_W_EXP^(Γ-1)*(F_X*FOC2*(VAR_P/ SD_W_EXP))

Coefficient

Std. Error

t-Statistic

Prob.

1.881672
1.644363

0.008355
0.013251

225.2018
124.0890

0.0000
0.0000

0.757078
0.756580
132.1512
8522409.
-3087.412
1.594107

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.

266.8623
267.8512
12.60984
12.62696
12.61657

Equation 3 (derivative on input 3, seeds and plants)
Convergence achieved after 8 iterations
P_EXP_*FOC3 = W3 + (Γ/Θ)*(W_EXP)^(1-Θ)*
SD_W_EXP^(Γ-1)*(F_X*FOC3*(VAR_P/ SD_W_EXP))

Γ
Θ
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
Durbin-Watson stat

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
Durbin-Watson stat

Std. Error

t-Statistic

Prob.

1.844322
1.600130

0.009407
0.014556

196.0571
109.9328

0.0000
0.0000

0.812619
0.812235
50.25795
1232620.
-2613.690
1.693781

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.

145.4618
115.9840
10.67629
10.69341
10.68301

Equation 4 (derivative on input 4, energy)
Convergence achieved after 8 iterations
P_EXP_*FOC4 = W4 + (Γ/Θ)*(W_EXP)^(1-Θ)*
SD_W_EXP^(Γ-1)*(F_X*FOC4*(VAR_P/ SD_W_EXP))

Coefficient

Std. Error

t-Statistic

Prob.

1.936751
1.730609

0.011219
0.017790

172.6374
97.28012

0.0000
0.0000

0.658494
0.657794
150.5138
11055354
-3151.165
1.276859

Γ
Θ

Coefficient

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.

53.27467
257.2957
12.87006
12.88718
12.87678
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Γ
Θ
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
Durbin-Watson stat

Coefficient

Std. Error

t-Statistic

Prob.

1.911654
1.692117

0.012351
0.019819

154.7827
85.37726

0.0000
0.0000

0.439752
0.438604
109.0041
5798361.
-2993.057
0.881234

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.

10.05927
145.4816
12.22472
12.24184
12.23144

Table B.6: System of equations. Main model. Estimation details.
System: SYS
Estimation Method: Three-Stage Least Squares
Date: 12/09/13 Time: 09:53
Sample: 1 490 IF W_EXP>0
Included observations: 490
Total system (balanced) observations 1960
Iterate coefficients after one-step weighting matrix
Convergence achieved after: 1 weight matrix, 32 total coef iterations

Γ
Θ

Coefficient

Std. Error

t-Statistic

Prob.

1.694430
1.364467

0.053146
0.085058

31.88258
16.04151

0.0000
0.0000

Determinant residual covariance

8.81E+14

Equation: P_EXP_*FOC1 = W1 + (Γ/Θ)*(W_EXP)^(1-Θ)*
SD_W_EXP^(Γ-1)*(F(X)*FOC1*(VAR_P/ SD_W_EXP))
Instruments: P_EXP_* W1 W2 W3 W4 C
Observations: 490
R-squared
0.572203 Mean dependent var
Adjusted R-squared
0.571327 S.D. dependent var
S.E. of regression
175.3706 Sum squared resid
Durbin-Watson stat
1.453082

266.8623
267.8512
15008370

Equation: P_EXP_*FOC2 = W2 + (Γ/Θ)*(W_EXP)^(1-Θ)*
SD_W_EXP^(Γ-1)*(F(X)*FOC2*(VAR_P/ SD_W_EXP))
Instruments: P_EXP_* W1 W2 W3 W4 C
Observations: 490
R-squared
0.690815 Mean dependent var
Adjusted R-squared
0.690182 S.D. dependent var
S.E. of regression
64.55819 Sum squared resid
Durbin-Watson stat
2.042395

145.4618
115.9840
2033867.

Equation: P_EXP_*FOC3 = W3 + (Γ/Θ)*(W_EXP)^(1-Θ)*
SD_W_EXP^(Γ-1)*(F(X)*FOC3*(VAR_P/ SD_W_EXP))
Instruments: P_EXP_* W1 W2 W3 W4 C
Observations: 490
R-squared
0.463085 Mean dependent var
Adjusted R-squared
0.461985 S.D. dependent var
S.E. of regression
188.7252 Sum squared resid
Durbin-Watson stat
1.478804

53.27467
257.2957
17381188

Equation: P_EXP_*FOC4 = W4 + (Γ/Θ)*(W_EXP)^(1-Θ)*
SD_W_EXP^(Γ-1)*(F(X)*FOC4*(VAR_P/ SD_W_EXP))
Instruments: P_EXP_* W1 W2 W3 W4 C
Observations: 490
R-squared
0.233202 Mean dependent var
Adjusted R-squared
0.231631 S.D. dependent var
S.E. of regression
127.5243 Sum squared resid
Durbin-Watson stat
1.138674

10.05927
145.4816
7936073.
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Table B.7: Test of equality of Means of A
Test for Equality of Means of A (Risk)
Categorized by values of GROUP
Date: 01/08/14 Time: 11:37
Sample: 1995 2008 IF W_EXP>0
Included observations: 490
Method

df

Value

Probability

488
213.5212
(1, 488)
(1, 213.521)

-0.179211
-0.198949
0.032116
0.039581

0.8578
0.8425
0.8578
0.8425

df

Sum of Sq.

Mean Sq.

Between
Within

1
488

3.53E+08
5.36E+12

3.53E+08
1.10E+10

Total

489

5.36E+12

1.10E+10

Mean
447401.2
449428.6
447860.5

Std. Dev.
108809.0
89770.79
104716.1

Std. Err.
of Mean
5589.144
8520.667
4730.593

t-test
Satterthwaite-Welch t-test*
Anova F-test
Welch F-test*

*Test allows for unequal cell variances
Analysis of Variance
Source of Variation

Category Statistics
GROUP
0 (1995-2005)
1 (2006-2008)
All

Count
379
111
490
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Table B.8: System of equations using the “adaptative” variance of expected output.
Estimation details.
System: SYS
Estimation Method: Three-Stage Least Squares
Date: 12/11/13 Time: 16:07
Sample: 1995 2008 IF W_EXP>0
Included observations: 490
Total system (balanced) observations 1960
Iterate coefficients after one-step weighting matrix
Convergence achieved after: 1 weight matrix, 31 total coef iterations

Γ
Θ

Coefficient

Std. Error

t-Statistic

Prob.

1.389289
0.835034

0.034522
0.051722

40.24323
16.14463

0.0000
0.0000

Determinant residual covariance

1.95E+16

Equation: P_EXP_*FOC1 = W1 + (Γ/Θ)*(W_EXP)^(1-Θ)*
SD_W_EXP^(Γ-1)*(F(X)*FOC1*(VAR_P/ SD_W_EXP))
Instruments: P_EXP_* W1 W2 W3 W4 C
Observations: 490
R-squared
-0.466494 Mean dependent var
Adjusted R-squared
-0.469499 S.D. dependent var
S.E. of regression
324.6969 Sum squared resid
Durbin-Watson stat
1.451261
Equation: P_EXP_*FOC2 = W2 + (Γ/Θ)*(W_EXP)^(1-Θ)*
SD_W_EXP^(Γ-1)*(F(X)*FOC2*(VAR_P/ SD_W_EXP))
Instruments: P_EXP_* W1 W2 W3 W4 C
Observations: 490
R-squared
-0.841997 Mean dependent var
Adjusted R-squared
-0.845772 S.D. dependent var
S.E. of regression
157.5749 Sum squared resid
Durbin-Watson stat
1.414136
Equation: P_EXP_*FOC3 = W3 + (Γ/Θ)*(W_EXP)^(1-Θ)*
SD_W_EXP^(Γ-1)*(F(X)*FOC3*(VAR_P/ SD_W_EXP))
Instruments: P_EXP_* W1 W2 W3 W4 C
Observations: 490
R-squared
-0.048393 Mean dependent var
Adjusted R-squared
-0.050541 S.D. dependent var
S.E. of regression
263.7175 Sum squared resid
Durbin-Watson stat
1.504884
Equation: P_EXP_*FOC4 = W4 + (Γ/Θ)*(W_EXP)^(1-Θ)*
SD_W_EXP^(Γ-1)*(F(X)*FOC4*(VAR_P/ SD_W_EXP))
Instruments: P_EXP_* W1 W2 W3 W4 C
Observations: 490
R-squared
-0.109840 Mean dependent var
Adjusted R-squared
-0.112114 S.D. dependent var
S.E. of regression
153.4202 Sum squared resid
Durbin-Watson stat
1.288989

266.8623
267.8512
51448912

145.4618
115.9840
12116962

53.27467
257.2957
33938897

10.05927
145.4816
11486427
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