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Abstract

This paper presents a theoretical and empirical analysis of the impact of

financial assistance to farms on crop biodiversity in an uncertain setting.

The findings reveal that risk aversion is an important driving force for

crop biodiversity conservation. Risk averse farmers can hedge against

the uncertainty they face by allocating land to different crop species.

However, policies intended to stabilize revenues by supporting particu-

lar species may alter this link by delinking crop biodiversity from the

management of revenues risk.



1 Introduction

After the seminal contributions of Brush et al. (1992), Heisey et al.

(1997) and Smale et al. (1998), a number of studies focusing on the

importance of crop biodiversity1 have been published in the agricultural

and resource economics literature. A first strand of literature analyzed

the contribution of crop biodiversity to the mean and the variance of

agricultural yields (Smale et al., 1998; Widawsky et al., 1998; Smale et

al., 2003) and to the mean and variance of farm income (Di Falco and

Perrings, 2003). A second strand provided both theoretical and empirical

investigation of the determinants of crop biodiversity (e.g. Meng, 1997;

Van Dusen, 2000; Smale et et al., 2001; Birol et al., forthcoming; Smale

et al., 2003). Market integration, agroecological conditions, the adoption

of high yielding varieties, and farmers’ risk aversion were found to be key

variables in crop biodiversity conservation. Surprisingly, the impact of

agricultural policies on agro-biodiversity has been neglected. Financial

assistance to farms affects directly farmers’ production decisions, which

in turn have impacts on crop biodiversity and environmental quality

(Just and Antle, 1990; Just and Bockstael, 1991; Abler and Shortle,

1Crop biodiversity is defined as a component of agricultural biodiversity, referring

to all diversity within and among wild and domesticated species domesticated species,

including crop plants that continue to evolve under natural and farmer-selection

(Qualset et al., 1995, Wood and Lenne, 1999, Smale et al., 2003)
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1992; LaFrance, 1992; Fraser, 1994; Lewandrowsky et al., 1997).

The connection between agricultural assistance and crop biodiversity

considered in this paper relates to the trade-off between farm support

and crop choice in the management of production and marketing risks2.

The risky nature of the agricultural business is a key factor in farmers’

acreage allocation and inputs use decisions (e.g. Chavas and Holt, 1990;

Leathers and Quiggin, 1991). Further, risk averse farmers will use more

of the risk reducing input than the risk neutral farmers. In this paper

these issues are exploited in order to shed light on the connection between

financial assistance to farmers and crop biodiversity when farmers are

risk averse. Risk may play a pivotal role in determining crop biodiversity.

In fact, if allocating land to different species is a risk reducing strategy,

the risk averse farmer would grow a higher number of crop species to

hedge against uncertainty. This would result in a more diverse agro-

ecosystem (Di Falco and Perrings, 2003).

At the same time, policies aiming to support or stabilize farmers’

revenues — such as price support, grants, financial compensation — offer

an alternative means of hedging against risks. Increasing financial sup-

2In this paper we use the term uncertainty to describe the environment in which

decision are made. The term risk is used to characterize the relevant implications of

uncertainty (See Robinson and Barry, 1987, Moschini and Hennessy, 2001)
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port to one crop affects positively its profitability, expands its acreage

and reduces the acreage of substitute crops (Chavas and Holt, 1990).

Table 1 reports the different types of policies offered by the European

Common Agricultural Policy (CAP, hereafter) for different cereals. For

over twenty years, durum wheat producers benefited from a large set of

policy instruments aimed at supporting and stabilizing their revenues.

This may have created a clear incentive to grow the most supported crop,

leading to a reduction in crop biodiversity. To manage risk farmers may

decide to allocate their land to the single most supported crop instead

of growing more species and maintaining crop biodiversity. This results

in delinking crop biodiversity from risk management.
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Crop  Type of intervention  
Oat  Import protection 
Soft wheat Price support  
Rye Price support 
Rice Price support 
Corn Price support 
Barley Price support 
Durum wheat Import protection,  

subsidies, price support
 

Table 1. Types of intervention per different crops, South of Italy 1970 - 1992
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The objective of this study is to provide a theoretical and empirical

analysis of the interface between crop biodiversity loss and agricultural

policies when uncertainty is taken into account. The paper proceeds as

follows. The next section presents a simple dynamic model of farmer’s

crop choices, where yields and revenues are uncertain. This is followed by

a description of the data sources and variables. The fourth section intro-

duces the empirical approach and the fifth section reports the estimation

results. The concluding remarks are presented in the final section.

2 The Model

Farmers allocate their land among different crops taking into account

the characteristics of the land, the characteristics of the crops, relative

prices and the financial incentives offered under the CAP. By choosing

the share of land to be allocated to different crops, farmers determine the

level of crop biodiversity in the agro-ecosystem. Farmers’ crop choices

are affected by the sources of uncertainty. Uncontrollable factors, such

as weather, pest infestations or disease outbreaks all affect yield (pro-

duction uncertainty). The production function is accordingly stochastic.

The time taken for the crop to mature causes a gap between the market

price when production decision are taken and when the goods are actu-

ally sold (price uncertainty)3. Since, different crops respond differently

3See Moschini and Hennessy (2001).
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to environmental or market risks, risk averse farmers may choose to con-

trol their risk exposure through diversification (Meng, 1997; Heal, 2000;

Di Falco and Perrings, 2003). This will ordinarily lead to a more diverse

agro-ecosystem. However, this strategy may be modified by policy in-

terventions designed to support either prices or incomes. If some species

receive more financial support (e.g. price support, subsidies) than oth-

ers, farmers may choose to stabilise their revenue by growing only the

”most protected” species. Hence, an undesirable outcome of financial

assistance to farmers may be a reduction in crop biodiversity.

Let Ω represent farmers’ revenues that are dependent on the choice

of farming strategy. It consists of a land allocation decision and a vector

of technical inputs (such as machinery and fertilizers). It is assumed

that once the land allocation decision is made the decision on technical

input choice will follow. For simplicity, let us consider a farmer choosing

between two sets of land management strategies. Strategy A, (hereafter

the ‘diversity strategy’) leads to crop diversification and higher aggregate

crop biodiversity. Strategy B,(hereafter the ‘benefit strategy’) implies

more reliance on financial assistance from the policy maker4. Under this

4The two farming activities for land allocation are assumed to be n < A < m and

b < B < d ∀n,m, b, d ∈ R+. It is assumed that all the available land is allocated to

A and B.
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strategy farmers allocate their land to those species that receive more

protection. This can have the effect of reducing crop biodiversity. In

order to analyze the impact of different strategies on the crop biodiversity

the function η(At, Bt) is defined. This is a biodiversity loss function,

where it is assumed that ηA < 0 and ηB > 0 and subscripts stand for

partials. The dynamic connection between the strategies and the crop

biodiversity level of the agroecosystem,D, is represented by the following

equation:

Ḋ = Dt − η(At, Bt) (1)

where Ḋ represents the change through time of crop biodiversity and the

intercept represents the cumulative past behaviour of D. The important

feature of this formulation is that the level of crop biodiversity in the

agro-ecosystem is determined by the allocation of land between crops.

In order to allow for stochasticity in farmers’ revenues, a Just and Pope

(1978) specification is adopted.

Ω(Dt, At, Bt) = p[f(Dt, At, Bt) + g(Dt, At, Bt)θ] (2)

Where p is a price vector and θ is a stochastic term. The revenue func-

tion consists of two additive components. A deterministic component

defined over crop biodiversity together with the two strategies, and a
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stochastic component that depends on the same arguments and a sto-

chastic term that enters multiplicatively. This formulation assumes that

risk affects revenues through production and provides a straightforward

way to study the impacts of the two strategies on the mean and variance

of the revenues. The assumptions on the function are the following:

ΩD > 0,ΩDD < 0

ΩA > 0,ΩAA < 0

ΩB > 0,ΩBB < 0

where the subscripts denote partial derivatives. Both cropping strategies

and crop biodiversity are assumed to be positively related to farmers’

revenues, although at a decreasing marginal rate. The farmer is assumed

to be risk averse, displaying a Von NeumannMorgenstern utility function

U , assumed to be twice differentiable, increasing and concave in revenue

Ω. Therefore, the farmer’s problem is to:

MaxA,B

Z ∞

t=0

E{U [p(f(Dt, At, Bt) + g(Dt, At, Bt)θ)]}e−rt (3)

s.t. equation 1, D(0) = D0 > 0, At > 0 and Bt > 0. Where E is the

expectation operator with respect to θ, and r is the discount factor.

The stochastic disturbance is normally distributed5. Setting the prices

equal to one, the current value Hamiltonian for this standard optimal

5θ = dVt where Vt is a Brownian motion.
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control problem is

H̃ = E{U(f(Dt, At, Bt) + g(Dt, At, Bt)θ)}+ λ[Dt − η(At, Bt)] (4)

where λ is the current value shadow price for the crop biodiversity state

equation. The Hamiltonian is strictly concave both in A and B. Assum-

ing an interior solution, the sufficient conditions for an optimal solution

(Leonard and Van Long, 1998) are:

H̃A = E{UΩ[Ω][fA(Dt, At, Bt)+gA(Dt, At, Bt)θ]−ληA(At, Bt)} = 0 (5)

H̃B = E{UΩ[Ω][fB(Dt, At, Bt)+gB(Dt, At, Bt)θ]−ληB(At, Bt)} = 0 (6)

H̃D = E{UΩ[Ω][fD(Dt, At, Bt) + gD(Dt, At, Bt)θ]} = rλ− λ̇ (7)

Ḋ = Dt − η(At, Bt)

Along the optimal path, the expected marginal increase in utility asso-

ciated with an increase in one of the farming activities must be equal to

the marginal change in the crop biodiversity function evaluated at the

shadow price λ. Following Grepperud (1997; 2000), the above equations
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can be combined in the steady state equilibrium to

fA(D
∗, A∗, B∗) + [gA(D

∗, A∗, B∗)−1
r
ηA(A

∗, B∗)gA(D
∗, A∗, B∗)]

Cov(UΩ(Ω
∗, θ)

E(U
Ω
(Ω∗))

=
1

r
η(D∗, A∗, B∗)fD(D

∗, A∗, B∗)

and

fB(D
∗, A∗, B∗) + [gB(D

∗, A∗, B∗)−1
r
ηB(A

∗, B∗)gB(D
∗, A∗, B∗)]

Cov(UΩ(Ω
∗, θ)

E(U
Ω
(Ω∗))

=
1

r
ηB(D

∗, A∗, B∗)fD(D
∗, A∗, B∗)

and Dt = ηA(A
∗, B∗). This formulation has the advantage of isolat-

ing the risk structure in each of the optimality conditions. The term

Cov(UΩ(Ω
∗,θ)

E(UΩ (Ω
∗)) represents the security equivalent for the stochastic com-

ponent θ. The terms gA(D∗, A∗, B∗) − 1
r
ηA(A

∗, B∗)gA(D∗, A∗, B∗) and

gB(D
∗, A∗, B∗)− 1

r
η(A∗, B∗)gB(D∗, A∗, B∗) represent the overall risk ef-

fect and are called the risk factors for each strategy. They are determined

by the risk properties of the agricultural activity, given by the partial

derivatives of the stochastic component with respect to the control vari-

ables, and the impact of the stock variable on the same component. The

interaction between these is given by ηA and ηB respectively. In order to

analyze the reactions of risk averse farmers in an uncertain environment,

the problem is split into two partial models. The first ignores fB and ηB,

the second ignores fA and ηA. This reduces the complexity of the setting
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and provides a straightforward analysis of the forces at play. Since Ω is

assumed to be normally distributed, the expected utility function may

be presented as a separable function of mean and variance

E[U(Ω)] = E(Ω)− δvar(Ω) (8)

where δ represents risk aversion. Replacing the original objective func-

tion with the 8 and setting var(Ω) = g(x), where x = A,B the restated

problem leads to:

∂D∗

∂δ
=

gx − ηx
r
gD

HxD − ηx
r
HDD

=
gx − ηx

r
gD

D
(9)

The impact of the risk factor, along with the risk property of the stock

variable, determines the sign on the 9. If ηx < 0 it follows that D < 0. If

crop biodiversity has a negative impact on the stochastic component, a

risk averse farmer will hedge risk by diversifying their portfolio of crops

and, in so doing will increase crop biodiversity generally.

Let us turn now to the case of the ‘benefit strategy’, B.The ‘benefit

strategy’ will dominate the ‘diversity strategy’ if policy stabilizes rev-

enues more effectively (gx < ηx
r
gD). In this case, the best farmer strat-

egy will not be to rely on diversity of crops, but to focus on the crops

that attract subsidies or grants. Farm financial support provided by the

policy maker can be an effective way of stabilizing revenues. Therefore,

farmers aware of the potential benefits of biodiversity in the manage-
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ment of revenue risk can switch from a more diverse to a less diverse

farming regime. The role of crop diversification in reducing farmers’ risk

exposure can be substituted by farm financial support and crop biodi-

versity is delinked from its potential beneficial role in risk management.

Furthermore, higher degrees of risk aversion will strengthen this result6.

3 Data sources and variables

Assuming that the representative farmer’s decision making process de-

scribed in the previous section scales up to the aggregate level, the

hypotheses stemming from the model results can be tested by using

aggregate data. The data are drawn from the Annuario di Statistica

Agraria (ISTAT) and from the Bollettino Statistico (Banca d’Italia) and

are about the cereal production in the South of Italy. This geographi-

cal area is known to be a megadiversity area for cereals (Vavilov, 1951;

Harlan, 1971) and is composed of eight regions7. The time span is from

1970 to 1993. In the period considered, all the regions had high devel-

opment priority (Objective 1 areas under the CAP). For the purpose

of the empirical anlaysis variables are defined in the following way. The

6Note that this is a very general result that holds without specifying any form of

risk aversion.
7The regions include Abruzzo, Molise, Campania, Basilicata, Puglia, Calabria,

Sicily and Sardinia.
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role of crop biodiversity in supporting and stabilizing revenues (diversity

strategy) is measured through an index of spatial crop diversity: the

Shannon index. This is a widely applied index of spatial diversity and

is equal to H = −Pi pi ln pi where pi is the share of land planted to

the ith crop. The role of agricultural policy in supporting and stabilizing

revenues (benefit strategy) is captured by total financial assistance to

farms offered by the CAP, in Italian Lire. Table 2 reports the definition

of variables.
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Variables                           Definition 
 
Farm revenues                Cereals revenue in Italian Lire    
Diversity Strategy      Shannon index for spatial   biodiversity 
Benefit Strategy               Total financial assistance to farms     
                                         offered by the CAP, in Italian Lire 
                   
                                                          

 

Table 2. Definition of Variables
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4 Empirical approach

In order to test the role of the two farming strategies on revenues, a

Just and Pope (1978) stochastic specification is adopted. The empirical

strategy involves two steps. In the first step, the impact of the strategies

on the stochastic revenue function is estimated. The mean and the

variance functions are estimated using a three stage feasible generalized

least squares (GLS) procedure (Judge et al., 1982, pp. 439 - 441). In the

second step, the hypothesis of substitutability between crop biodiversity

and policy in the management of revenue risk is tested by calculation of

the elasticity of subsitution. Both variable definitions and an auxiliary

regression between the explanatory variables signalled the presence of

severe collinearity. To avoid the impact of collinearity on the estimates

an auxiliary regression between the diversity strategy and the benefit

strategy and their residuals are used to “instrument” for the diversity

strategy. Assuming that both mean and variance functions are Cobb-

Douglas

Ω = eβ0(Π2i=1X
βi
i )(Π

8
h=1e

δL)(Π24k=1e
γY ) + u (10)

u2 = [h(Xi, φ, θ]
2 = eφ0(Π2i=1X

φ1i
i )ev (11)

i = A,B.

Hence, the mean equation is set to the 10 and the variance function
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is set to the 11. Furthermore, a set of locational and time dummies

are added to take account of regional and time effects. The results are

reported in the Table 28. The Cobb-Douglas revenue function has an

important shortcoming. The elasticity of substitution the crop biodi-

versity and policy intervention is constrained to be identically equal to

one (Chambers, 1988). This constraint has been relaxed by adding an

interaction term.

5 Estimation results

Equations 10 and 11 are estimated to test the role of the two strategies

on the mean and variance of the farm revenues. Table 3 reports the

estimation results. The estimation of the stochastic revenue function in-

dicates that the estimated coefficients for the diversity strategy and for

the benefit strategy are statistically significant. Both strategies are posi-

tively correlated to the mean revenue function and negatively correlated

to the variance of the revenues. Crop biodiversity, at least in the long

run, has a role in sustaining and stabilizing farm revenues. However, it

is not possible to determine whether this result arises from market risk

or from production risk. Therefore, it can be concluded that both of the

strategies support mean income and, more importantly, they are both

risk reducing strategies.

8Data are scaled by their geometric means.
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In order to assess the trade-off between the two strategies, the elas-

ticity of substitution between A and B is measured. In addition, an

interaction term (φint)
9 between land management regimes has been in-

serted in the estimated function. This provides a partial measure of

the influence of the benefit strategy relative to the diversity strategy.

This is a straightforward methodology for calculating the elasticity of

substitution from the estimated coefficients Boisvert (1982). Hence,

∈A,B −(φA + φB)

−(φA + φB)− (2φintφBφA)/φBφA
and the elasticity of substitution of the two strategies with respect to

the variance function is

eA,B = − 1.3

This suggests that there is a substantial potential for substituting diver-

sity and benefit strategies. The estimated coefficient on the interaction

terms φint is significant in the variance function, suggesting that higher

levels of crop biodiversity dampens the revenue stabilizing effect of farm

support schemes.

9The interaction term is constructed by multiplying the crop biodiversity variable

with the policy variable.
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Variables Mean Function Variance Function 
Diversity Strategy 0.38* 

(0.013) 
-0.19* 
(0.36) 

Benefit Strategy 0.18* 
(0.015) 

- 1.63* 
(0.41) 

Interaction term 0.44* 
(0.032) 

3.5* 
(0.74) 

Constant 0.018 
(0.021) 

 

Sigma  0.26* 
(0.013) 
 

N = 192;  Adj-R2 = 0.38; F-test = 20.57*; Wald test = 405* 
Breusch – Pagan test = 44.09*; Significance level: * = 1%
Standard errors are in parentheses 
 

Table 2. Estimation results of the mean and variance function
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6 Concluding Remarks

This study has presented a framework for analyzing the impact of agri-

cultural price and income support schemes on crop biodiversity. A simple

dynamic model of farmers’ choices over crop biodiversity in an uncer-

tain setting has been estimated by using data on cereal production in

the South of Italy. To test the potential substitutability between crop

biodiversity and financial assistance, a Just and Pope revenue function

is specified, and the impacts of crop biodiversity and financial assistance

to farmers on the mean and the variance of revenues is estimated. It is

found that both crop biodiversity and financial assistance are significant

determinants of farm revenues, and that risk aversion is an important

driving force to crop biodiversity conservation. Compared to the exist-

ing literature, the result of the estimated coefficient of crop biodiversity

is stastically more robust. This is possibly due to the fact that this

study focuses on a Vavilov megadiversity area and that the time span

considered is considerably longer than those in the previous studies.

The negative and significant relationships found between crop biodi-

versity and variance of revenues, and financial assistance and variance of

revenues reveal that both crop biodiversity and financial assistance are

equally viable means of stabilising farmers’ revenues. This indicates that

they are both risk reducing strategies. Risk averse farmers reduce the
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uncertainty they face by allocating land to different crop species. Other

things being equal, a risk averse farmer will choose a higher level of crop

biodiversity than a risk neutral farmer. However, policies intended to

stabilize income by supporting particular species may change this be-

haviour. If the support is concentrated on a few crops, farmers will

specialize on these few crops, causing a reduction in crop biodiversity.

In other words, the results reported in this paper disclose that risk

aversion and crop biodiversity can be delinked. Data limitations pre-

vented an analysis of the multiple sources of revenue uncertainty. Nev-

ertheless, this paper has an important message for the ongoing debate

about the relationship between agricultural assistance and the environ-

ment. Agricultural intensification is not the only ‘side effect’ of agricul-

tural policies. Agricultural policies also impact farmers’ risk attitudes,

thereby affecting their land management strategies and crop choices.

This is an important link that stresses the need for coordination between

environmental and agricultural policies in an uncertain environment.
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