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Abstract

Biodiversity has a prominent role in defining and preserving ecosystem well-being; the
analysis of biodiversity effects on agricultural production is well documented. The paper
offers empirical evidence on the role of intra-species biodiversity in sustaining cereal
production within Italian regions, covering a time span (1989-2007) which accounts for the
important CAP policy reforms. A Cobb-Douglas production function that includes both
biodiversity and subsidies as control variables is estimated for 20 Italian regions, controlling
for both cross-sectional heterogeneity and the dynamic structure of agricultural production.
Different estimation methods are compared, including Mean Group and Pooled Mean Group
estimators which allow for the possibility of potential non stationarity of the series and
heterogeneous parameters across-groups. We find clear evidence of significant long-run
relationships between biodiversity and cereal production; moreover, the evidence on the role
of PAC intervention measures is less clear-cut, showing a potentially negative effect on
production along the period under analysis that can be attributed to the aforementioned policy
shift.



1. Introduction

Biodiversity, defined as ‘the variability among living organisms from all sources including,
inter alia, terrestrial, marine and other aquatic ecosystems [..]” (UN CBD, 1992), has long
been considered a fundamental ‘capital’ stock to the maintenance of ecosystem stability and
the provision of living organism life support. As a consequence, lack of diversity can
significantly harm the capacity of ecosystems to recover from natural or induced perturbations
(Pascual and Perrings, 2007). From an economic point of view, the importance of biodiversity
stems from its functions in determining ecosystem productivity, providing ecosystem services
and insurance value (Brock and Xepapadeas, 2003). There is large evidence for the diversity-
productivity hypothesis in the context of plant productivity; Tilman et al. (1996) provide
evidence for the existence of a positive relationship between productivity in several observed
grasslands plots and plant biodiversity; similarly, Hooper and Vitousek (1997) confirm the
beneficial effect of plant richness on primary productivity, Fridley (2003) found that higher
species diversity positively affect above-ground production after controlling for
environmental conditions. Valuation of biodiversity ecosystem services relates to its essential
role in guaranteeing the proper functioning of ecosystems; generation and maintenance of
soils, climate regulation, the running of biogeochemical cycles, pest control are some
examples of biodiversity role in preserving ecosystem functioning (Daily and Dasgupta,
2001). In managed ecosystems, like agro-ecosystems®, the services provided by biodiversity
are more inherently associated to the provision of benefits to the primary production
processes, including increased pest resistance, improved soil nutrient balances, the
preservation of genetic material, etc. (Bradshaw, 2004; Moonen and Barberi, 2008).

The role of biodiversity in providing an insurance value can be gathered from a double
perspective: the first, mostly linked to genetic diversity, concerns the information value
stemming from the genetic pool of non-commercially used species which can be employed to
enrich the state of knowledge for scientific purposes; the second relates to the consideration of
species richness as a product of economic agents’ production choices which provides the
ecosystem service of natural insurance (Baumgartner and Quaas, 2010); in rural contexts,
particularly for less developed economies characterised by natural and productive uncertain
environments, product diversification is mentioned as one of the principal farmers’ income

smoothing strategies to cope with risk, especially in the presence of imperfect credit and

! Agro-ecosystems are characterised by the intensity of human intervention in the composition of living
organisms for the purposes of providing food, fibre and other products.



insurance markets® (MEA, 2005; Morduch, 1995). As in portfolio choices, diversification of
activities is a rational strategy to protect against risk.

There is large consensus in the agricultural economics literature about the acknowledgment of
the risk-reducing role of crop biodiversity.® Several empirical studies, focusing on rural low
income contexts, have found that a higher degree of crop biodiversity is associated to higher
levels of crop yields and to lower levels of yield or income variability (Smale et al., 1998;
Widawsky and Rozelle, 1998; Di Falco and Chavas, 2007). As a consequence, genetic
diversity within and between species affects the way an ecosystem positively reacts to pest
and pathogen invasions, improving stability of both yields and incomes (Sumner et al., 1981,
Altieri, 1999; Di Falco and Perrings, 2003).

Furthermore, Di Falco and Chavas (2009), specifically studying barley cultivation, confirm
the positive effect of crop genetic diversity on farm productivity and add insight into the risk-
reducing role of biodiversity, showing that it protects in particular from downside risk
exposure (i.e., the probability of crop failure) after controlling for soil characteristics in a
stochastic production function framework.

Turning the attention to developed countries, Di Falco and Perrings (2003) provide theoretical
and empirical foundations to both the diversity-productivity and the diversity-stability
hypothesis, testing for the existence of such relationship in cereal production within southern
Italian regions. Furthermore, Di Falco and Perrings (2005), focusing on a policy perspective,
add to previous results the analysis of a potential trade-off between risk-averse farmers’
production choices toward diversification and EU CAP (Common Agricultural Policy)
stabilization mechanisms; the authors argue that the diversity strategy pursued by farmers to
manage production risks may be counteracted by policy intervention directed to sustain
farmers’ revenues through support mechanisms (price support, product subsidies, financial
compensation, import protection). As price instability is one of the most important component
of economic risk in agriculture, subsidies on specific cultivations alter market risk conditions
and distort farmers’ preferences, biasing the composition of the production portfolio in favor

of less risky varieties. As a result, a trade-off between subsidies and biodiversity arises.

2 Production diversification concerns on-farm risk coping strategies together with the choice of conservative
production or employment choices; although common in developing rural economies, off-farm strategies
involving the engagement in other profitable economic activities, are also practiced.

% As a sub-category of agricultural biodiversity, crop-diversity refers to the variety of ‘productive biota’,
measuring diversity within and among crop species in wild or domesticated environments (Altieri, 1999). In
managed systems, crop biodiversity accounts for a great portion of overall agrobiodiversity (Di Falco and
Chavas, 2008).



In this light, starting from the adoption of the MacSharry package in 1992, European
agricultural sector underwent a reform program aimed at alleviating market distortions
making the sector more market-oriented through the introduction of more decoupled income
support measures (payments offered to farmers are based on area under production
independently from the type of crop produced).® A logical consequence of the envisioned
trade-off between the ‘diversity strategy’ and the ‘stability strategy’ based on receiving crop-
specific income supports, would be the potential increase in crop diversity after the alleviation
of ‘coupled’ intervention measures following the reform process started in 1992.

In their empirical study, Di Falco and Perrings (2005) analyse the effects of alternative risk
reducing strategies (subsidy vs. diversity) in the Italian Mezzogiorno during the period 1970-
1993, prior to the CAP reform of 1992. With the aim of helping to interpret the effects of
CAP reform, this paper explores the more recent time span 1989-2007, that covers the period
of the reformed CAP. A Cobb-Douglas production function that includes both biodiversity
and subsidies among the regressors, is estimated for 20 Italian regions, controlling for both
cross-sectional heterogeneity and the dynamic structure of agricultural production. Further,
different estimation methods are compared, while allowing for the possibility of potential non
stationarity of the series through a panel error-correction model, as proposed by Pesaran et al.
(1997, 1999), to estimate the long-run relationship between the variables of interest.

The core finding of the paper is that there exists a long-run equilibrium relationship linking
intra-species biodiversity to production in the cereal sector that is robust to potential non-
stationarity of the series considered; moreover, the evidence on the role of PAC intervention
measures is less clear-cut, showing a potentially negative and small effect on production
along the period under analysis.

The remainder of the paper is structured as follows. Section 2 provides data and variable
description; Section 3 and 4 illustrate and discuss respectively the methodological aspects and
the results relative to the first empirical model; Section 5 presents an extension of the
empirical analysis and the relative results; Section 6 provides a general discussion on limits of

the study and future extensions, concluding the paper.

* The effective degree of decoupling of income support measures after the MacSharry reform has been
questioned relying on the fact that crop-specific aids directed to single commodities still remain even after the
reform process (Moro and Sckokai, 1999). Among cereal crops for instance, up to 2004 durum wheat has
received a supplementary financial support.



2. Data and Variables

As far as cereal production is concerned, Italy is a net importer of almost all cereal products;
it accounts for nearly 2-3% of world production and for 4-5% of EU production (with
exception of durum wheat which represents about 35% of European production and 13-14%
of world production, Ismea 2009).

To investigate the impact of intra-species crop biodiversity on cereal production we make use
of a panel dataset of annual observations over the 1989-2007 period for 20 Italian regions.
The panel is slightly unbalanced, as there are some gaps due to lacking information in one of
the regressors (agricultural crop subsidies) of the econometric specification. The dataset has
been obtained from a sample of farms taken at the regional level along the whole Italian
territory; these farms belong to the FADN (Farm Accountancy Data Network) European
database which collects annually information from a sample of representative agricultural
farms in the European Union. The dataset has been integrated for the series of cereal
production and for the information necessary to construct the biodiversity index as will be
explained next, which are from the Italian Statistical Office (lstat).

We take aggregate cereal production (in quintals) as our dependent variable in a Cobb-
Douglas production function with standard factors (total cultivated land, labour, capital,
seeds) and two additional inputs capturing the effect of intraspecies biodiversity and CAP
intervention measures (aggregate crop subsidies).® The crop biodiversity is captured by the
spatial Simpson diversity index accounting for both species richness and evenness, measured

as the sum of squared share of area planted to each cereal variety:
N
D= z p}
i=1

where pj is the share of land planted to variety i.
The policy variable contains information on the amount of crop subsidies annually received
by each region, including compensatory and area payments, decoupled payments and set-

aside premiums.

3. Empirical Framework
A well-established assumption in agricultural production analyses is the dynamic nature of the
relationship linking some inputs to agricultural output (Chavas et al., 1985); indeed,

> The data are drawn from the ‘Annuario di Statistica Agraria’ (Istat, various years).
® Labour input is expressed in annual work unit, capital is measured by gross investment.



production today can be considered the product of choices and decisions made in the past;
moreover, as envisioned by Di Falco and Chavas (2008), the effect of biodiversity on
productivity is intrinsically dynamic. Additionally, there are several good reasons to include
lagged values of the dependent variable in estimated equation; first, as in time-series analysis,
to model persistence; second, to allow for the partial adjustment of behavior over time in the
variables; third, to reduce serial correlation in the disturbance term (Beck and Katz, 1996).

In order to account for this dynamic structure, we assume that an ‘augmented’ Cobb-Douglas
production function can efficiently capture the relationship between cereal production and

factor inputs. Empirical analysis is based on the following panel specification:

a
Yie = Vi1 + Z B Xie—j + Wi + €t (1)
=0

where i=1,2,...,N indicates the cross-sections (regions); t =1,2,...,T the time periods; Xi; IS @
kx1 vector of explanatory variables; B are the kx1 coefficient vectors; ; is the group-specific
fixed effect, &j; represents the idiosyncratic error term that can vary over time as well as across
regions.

The advantages of using panel data structures is well documented in the econometrics and
applied economics literature; allowing the identification of group-specific effects (countries,
regions, etc.) that can control for missing or unobserved variables, panel data models provide
more efficient estimation results; moreover, they enable the study of dynamic relationships
linking cross-sectional observations (Arellano, 2003a).

In a static framework, fixed or random effect models and the relative estimation techniques
provide consistent and unbiased estimates of the true population parameters, given some
necessary assumptions regarding the idiosyncratic error structure and the nature of
explanatory variables.’

As long as it is assumed that the data generating process (DGP) can be represented by an
autoregressive model (AR(p)) with individual fixed effects, the LSDV (within) estimator
provides biased and inconsistent results when the panel time dimension is relatively small

(that is the case for most macroeconomic panel dataset), due to the induced correlation

" The fundamental assumption concerns the exogeneity condition of explanatory variables; the error constant
variance and lack of serial correlation are the additional auxiliary assumptions under which classical least-
squares results are optimal.



between the lagged dependent variable and both the idiosyncratic and the individual specific
error term (Nickell, 1981).% Several estimation techniques have been proposed in order to
overcome the ‘Nickell bias’ in panel data models.” Here we adopt two alternative dynamic
panel model techniques, a difference GMM estimation approach following Arellano and Bond
(1991) and a fixed-effect estimator applied to Equation 1 taking deviations from each group
mean and corrected for the ‘Nickell bias’, as suggested by Bun and Kiviet (2003) and
extended by Bruno (2005) to unbalanced panels.

The difference GMM estimator uses lagged dependent variables as instruments for the
differenced equation and thereby it allows to control for the bias originating also from other
non exogenous regressors; it produces asymptotically efficient estimates providing the
assumption of serially uncorrelated idiosyncratic error term is met. In order to limit the small-
sample problem caused by the use of numerous instruments, as outlined in Arellano (2003b),
we restrict the number of available lags to be used as instruments.

The bias-corrected LSDV estimator has resulted to perform better whenever the panel time
dimension is relatively small (T=20); Judson and Owen (1999) compare different dynamic
panel estimators via Monte Carlo experiments on different panel dimension; on the base of
simulated results, they conclude that the bias-corrected OLS fixed-effects estimator provides
more precise, efficient and unbiased parameter estimates than the GMM alternative method.

4. Econometric Results

The dynamic production function in (1) is estimated using the previously outlined approaches
to dynamic panel models; among the regressors, we include the first lag of both the dependent
variable (aggregate cereal production) and the biodiversity index; all variables are taken in
natural logarithms. A necessary condition for the difference GMM estimation to produce
consistent results is lack of serial correlation in the error term &;; Arellano and Bond (1991)
note that whenever this condition holds, the first-differenced residuals should display negative
first-order serial correlation but no second-order serial correlation. We then test for the
presence of serial correlated disturbances (expressed in differences) using the proposed
Arellano and Bond residual based z statistic which takes value 0.7; given that the test value is

in the acceptance region, we fail to reject the null hypothesis of no second order serial

® The fixed-effects model is generally more appropriate than the random-effects alternative for macroeconomic
data, primarily because if individual effects are omitted variables they will also potentially correlated with the
explanatory variables (violating the basic random-effect assumption); second, a typical macro panel can hardly
be considered a random sample, since it will be normally made up of most of the observations of interest (being
these regions or countries).

% See Baltagi (2008) for an in-depth discussion of dynamic panel estimation methods.



correlation in g (p-value is 0.485), concluding that our data support the relevant necessary
condition. We also test for the validity of the included instruments through the Sargan and
Hansen tests of overidentifying restrictions; both tests indicated the presence of some form of
misspecification in the original equation assuming strict exogeneity for all regressors apart
from the lagged dependent variable; on the base of the Sargan/Hansen test results on the new
specification with labor force as endogenous, the new instrument set satisfy the orthogonality
conditions required by GMM.

The two-step variant of the Arellano and Bond estimator is employed with corrected standard
errors (Windmeijer, 2005).

Table 1 shows estimation results for both GMM and LSDVC (bias corrected within fixed-
effects) estimators.

Table 1
GMM and LSDVC Estimation Results

GMM LSDVC
Variable (N =278) (N =360)
Vit 0.6*** (0.1) 0.22*** (0.06)
Land -0.23*** (0.07) -0.2** (0.08)
Lab 0.32** (0.15) 0.2*(0.1)
K -0.005 (0.008) 0.02 (0.06)
Biodiversity -0.31*** (0.06) -0.15** (0.07)
Biodiversity;., -0.01 (0.05) 0.1 (0.13)
Subsidies -0.003 (0.003) -0.02 (0.02)
Seeds 0.06*** (0.01) 0.05** (0.02)

Sargan Test =13.84 (p-value 0.12)

Hansen Test = 11.5 (p-value 0.26)

Difference in Hansen Tests = 4.85 (p-value 0.43)

Notes: Robust standard errors are in parentheses. Lsdvc SE are
bootstrap SE.

The total number of instruments in GMM is 17.

Significance level: ***1%, **5%, *10%.

As outlined in Table 1, the dynamic specification of the production function is supported by
estimation results; in fact, the lagged dependent variable coefficient significantly captures the
relationship between present and past production levels in the cereal sector, being high in
magnitude compared to other variables. As expected, the current level of crop biodiversity is

positively related to production, while past levels do not seem to have a significant impact on



current production.®® The negative and significant coefficient on land can be interpreted as a
decreasing marginal productivity effect. Other conventional inputs, specifically labor and
seeds, bring a positive and significant effect to the production process, as obviously expected.
Moreover, neither the coefficient of the investment variable nor that of the policy impact
variable is statistically significant using both estimation techniques; the latter result can be
explained through the following reasoning; first, under a technical viewpoint, a model which
imposes homogeneous slope coefficients between groups in conditions of potential
heterogeneity may lead to biased estimates and then unreliable results if this condition does
not hold (Baltagi, 2008); however, slope homogeneity for the model is confirmed in the long
term (see next section). Second, the 1992 reform of CAP may have changed the ‘nature’ of
the relationship between agricultural subsidies and crop production. As already described in
section 1, economic sustain based on production levels has been reduced in favor of a system
of income support ‘delinked’ from production, so partially removing the distortive effects that
incentives produce on farmers’ preferences as far as the composition of agricultural
production is concerned. Under this light, the substitution effect between subsidies and
diversification may have been reduced by the new CAP regime - actually, an increase of
biodiversity within crop production has been detected following the CAP reform (see
Appendix). As a result, the relationship between agricultural subsidization and crop
production may have lost stability and statistical relevance.

So, in the next section we extend the econometric analysis carried out so far partially relaxing
the assumption of homogeneity between regions and allowing for a more flexible functional
specification

5. Long-run and short-run relationships: the ARDL approach

The empirical analysis conducted so far was based on the assumption that the observed
regions are homogeneous along the time span considered; a more realistic representation
would imply considering some sort of variation both in the slope coefficients and in the error
variances across-groups. Among all possible alternative methods developed for the analysis of
dynamic panel data, we specifically concentrate on two estimation techniques which allow for
different degree of parameter heterogeneity (the ‘Mean Group’ estimator and the ‘Pooled

Mean Group’ estimator). More specifically, both methods assume that data are generated

19 Since the index increases with decreasing biodiversity levels, the negative sign of the coefficient must be
interpreted as indication of a positive relationship between biodiversity and production.



from a general autoregressive distributed-lag (ARDL) process where dependent and
independent variables enter the right-hand side with lags of order p and q:

P q
Yie = Z AijYie—j + Z 6£jxi,t—l +pup+ € (2)
j=1 =0

Equation (2) can be re-parameterized and expressed in terms of a linear combination of

variables in levels and first-differences:

p—1
AYie = PiYie—1 + BiXie + Z AijDyic-j
=1
q-1
+ z 870Xy + 1 + €y (3)
1=0
where ¢; = —(1—=X0_; i), Bi = X7 8ij Ajj = — X i1 Aime 851 = — X1 Oimy

with j=1,2,....,p-1, and 1=1,2,....,q-1. After grouping the variables in levels, this can be re-

written as:
p—1
Ayir = ¢i[Vie-1 — BiXie] + z Ay
j=1

q-1
+ ) 8 Ax g+t €y (4)
1=0

where 6, = —¢; B, defines the long-run equilibrium relationship between the variables
involved and ¢; measures the speed of adjustment of the error-correction process, which takes
a negative and significant value when the variables display reversion to a long-run
equilibrium. The vectors 8" and §*' contain respectively the long-run and the short-run model
coefficients.

The econometric literature suggests two approaches to consistent estimation of model
coefficients in dynamic panels; the first, based on Pesaran and Smith (1995), known as the
Mean Group estimator (MGE), is designed to control for ‘complete’ heterogeneity across

groups allowing for different intercepts, slopes and error variances; it is based on the



estimation of separate equations for each group and the subsequent analysis of the distribution
of the estimated coefficients across groups. This estimator, however, does not consider that
certain parameters may be the same across groups. To that purpose, Pesaran et al. (1999),
design a maximum likelihood-based estimation method, the pooled mean group (PMG)
estimator, which combines both pooling and averaging of individual regression coefficients,
so that it is possible to distinguish between the degree of assumed heterogeneity in the short-
run and long-run coefficients; only the former, along with intercepts and error variances, are
assumed to differ freely across groups, while long-run coefficients are constrained to be the
same. The authors underline the fact that there are good reasons to believe that long-run
relationships between variables are similar (the presence of common technologies affecting all
groups in a similar way); on the contrary, it can be reasonably expected that regions react
differently to domestic and external shocks, fiscal adjustment mechanisms, local market
imperfections, thereby making short-run adjustment group specific and hence function of
group characteristics. By comparing the difference between the two estimation methods
through a standard Hausman test, one can test the validity of the long-run parameter
homogeneity restriction and therefore choose the estimator most conformable to its own data.

The advantages of implementing the above estimation methodologies rely on few
considerations; first, as already mentioned, they allow for a better representation of reality
relaxing the assumption of parameter homogeneity; second, since both methods are based on
a general ARDL model, they exploit the advantages of this specification, namely the
mitigation of contemporaneous causation from the dependent to independent variables which
might bias the estimates (Banerjee et al. 1993; Pesaran and Shin, 1998); in fact, the selection
of an appropriate lag order, by removing error serial correlation, helps mitigate endogeneity
bias. Third, provided that there exists a stable long-run relationship between the variables
involved, both MG and PMG estimators yield consistent estimates of that relationship
independently from the stationarity properties of the series under investigation, since they are
valid whether the variables are I(1) or 1(0). This latter feature is particularly important in
panel data analysis, given the envisaged low power of unit root and cointegration tests in
panels (Karlsson and Lothgren, 2000; Gutierrez, 2003). Additionally, the ARDL approach
allows to obtain both the short-run and the long-run parameters.

As far as our analysis is concerned, we proceed with the empirical investigation adapting to
our original production function the ARDL approach; in choosing the lag structure of our
model we rely on the Bayesian Information Criterion (BIC) obtained by comparing models

with different lag structures on a country-by-country basis; we find that, for most of the cross-



sections, the ARDL(1,1,...,1) is the preferred model.!* Estimation results are reported in
Table 2.

Table 2
Dynamic panel estimates - ARDL approach
PMGE Standard Error
Long-run coefficients:
Land -0.5%** 0.03
K -0.32%** 0.02
Subsidies -0.007** 0.003
Biodiversity -1.05%** 0.06
Seeds 0.44%** 0.02
Short-run coefficients:
EC coefficient () -0.6%** 0.1
Aland -0.02 0.1
AK 0.08 0.07
ASubsidies 0.09 0.07
ABiodiversity 0.45 0.33
ASeeds -0.14** 0.06
Constant 9.8*** 1.9
Hausman statistic: 2.33
p-value 0.8

Notes: Significance level: ***1%, **5%, *10%.

The result of the Hausman test provides evidence in favor of the homogeneity assumption of
long-run coefficients, thus making the PMG estimator more suitable to our purpose. The
model excluded the labor force variable which was suspected to be endogenous.
Concentrating on the variables of interest, the existence of a meaningful long-run relationship
between biodiversity and cereal production is confirmed by a significantly negative error
correction term, leading to the conclusion that the result is robust even in the presence of
potential non stationary series. The long-run coefficient of biodiversity is significant and
negative, thereby providing sufficient evidence of a positive elasticity between crop
biodiversity and production (as already mentioned, the negative sign reflects the fact that the
index is inversely proportional to species diversity). Compared to previous estimation models,
the magnitude of biodiversity coefficient has substantially increased (from -0.3 to -1.05).
Albeit small in magnitude, the coefficient capturing the effect of the policy variable is now
significant, with a negative sign. As already mentioned, the existence of a negative elasticity
between an increase in subsidization and the change in cereal production can originate from

the structural shift occurred in CAP income support measures after 1992; as the variable

1 As outlined in Loayza and Ranciere (2006), it is recommended to impose a common lag structure for the
whole panel whenever the interest is also in analyzing the short-run parameters; moreover, given our panel
reduced temporal dimension, limiting the lag structure to the first lag seems plausible.



measuring the amount of subsidies is relative to the aggregate level of crop subsidies, it seems
plausible to think that the reduction of support to specific crops (in particular in the cereal
sector) implied a reformulation of crop production choices by farmers; moreover, the variable
includes ‘set-aside premiums’ which can be thought to have negatively affected production
levels.*

On the contrary, the short-run coefficients are not statistically significant, reinforcing the idea
that biodiversity has a long-run and persistent effect on production and that the agricultural
policy structural reform deploys its effects over time with a long-term impact that turns out to

be negative as far as cereal production is concerned.

6. Discussion and Conclusion

Following a recent line of research, this paper analyses the role played by crop intra-species
diversity in sustaining physical production within the cereal sector; compared to previous
studies in the literature, we allow for a different time span of the variables under analysis, in
order to try to control for the important policy shift which started in 1992 with the McSharry
PAC reform. The empirical investigation has been carried out on the whole set of Italian
regions; as far as the geographical extension is concerned, cereal production is not uniformly
distributed among regions reflecting different weather conditions, in fact middle and southern
regions are specialized in wheat production while rise production is more concentrated in
northern regions; as a consequence, cereal supply is composed differently across regions.

We explicitly take into account the dynamic structural properties of cereal production
function and, relying on the ARDL approach based on Mean Group and Pooled Mean Group
estimation methods (Pesaran and Smith, 1995; Pesaran et al., 1997, 1999), look for the
existence of a long-run equilibrium relationship between the variables of interest.

As expected, in line with other contributions, we find that biodiversity has a positive impact
on production levels. However, unlike previous studies, the policy variable capturing the
effect of crop subsidization turns out to be negative, witnessing potential effect of a shift in
crop composition by farmers after the occurred policy changes. Additionally, the existence of
a long-run equilibrium relationship between biodiversity and production, reinforces the
diversity-stability hypothesis suggested by the literature, whereby, a part from external short-

term shocks, production returns to its long-run equilibrium fostered by species diversity.

12 Currently available data source do not provide a direct measure of the amount of subsidies addressed to the
cereal sector; at least, the FADN data base distinguishes between aggregate agricultural subsidies and crop
subsidies, while other used dataset in the literature (Banca d’Italia) does not allow this distinction.



The study, however, suffers from some drawbacks and limitations; first, the choice to include
all regions in the dataset may be questioned for the relative low cereal production coming
from some northern regions (namely, Trentino, Valle d’Aosta, Friuli Venezia Giulia); second,
focusing only on mean production as the dependent variable, we do not investigate the role of
both biodiversity and CAP subsidies on production or yield variability; third, further
theoretical and empirical research must be addressed to the analysis of the relationship
between biodiversity and CAP intervention measures. At the same time, as far as the
insurance value of biodiversity is concerned, it can be interesting to model farmers’
production decisions within a portfolio choice framework, making them more dependent from
market conditions; in fact, although it is reasonable to assume that in most rural contexts of
developing economies harvest failure due to harsh weather conditions represents the most
important source of risk exposure for farm households, it is as well documented that in
developed economies, production risk is more linked to market fluctuations and price
variability (Knutson et al., 1998).

Future extension of the present study will be directed to cover the above mentioned aspects.



References
Altieri M.A., 1999. The ecological role of biodiversity in agroecosystems. Agriculture, Ecosystems
and Environment 74, 19-31.

Arellano M., 2003a. Panel Data Econometrics. Oxford University Press, New York.

Arellano M., 2003b. Modeling optimal instrumental variables for dynamic panel data
models’, Working Paper 0310, Centro de Estudios Monetarios y Financieros, Madrid.

Arellano M., Bond S.R., 1991. Some tests of specification for panel data: Monte Carlo
evidence and an application to employment equations. Review of Economic Studies 58,
277-297.

Baltagi B.H., 2008. Econometric Analysis of Panel Data. John Wiley & Sons Ltd, UK.

Banerjee A., Dolado J., Galbraith J.W., Hendry D.F., 1993. Co-integration, error correction

and the econometric analysis of non-stationary data. Oxford University Press, Oxford.

Baumgartner S., Quaas M.F., 2010. Managing increasing environmental risks through agrobiodiversity

and agrienvironmental policies. Agricultural Economics 41(5), 483-496.

Beck N., Katz J.N., 1996. Nuisance vs. Substance: specifying and estimating time-series

cross-section models. Political Analysis 6, 1-36.

Bradshaw B., 2004. Plus c’est la méme chose? Questioning crop diversification as a response to

agricultural deregulation in Saskatchewan, Canada. Journal of Rural Studies 20, 35-48.

Brock W., Xepapadeas A., 2003. Valuing biodiversity from an economic perspective: a unified

economic, ecological, and genetic approach. American Economic Review 93(5), 1597-1614.

Bruno G., 2005. Estimation and inference in dynamic unbalanced panel-data models with a
small number of individuals. The Stata Journal 5(4), 473-500.

Bun M.J.G., Kiviet J.F., 2003. On the diminishing returns of higher order terms in asymptotic

expansions of bias. Economics Letters 79, 145-152.

Chavas J.P., Kliebenstein J., Crenshaw T.D., 1985. Modeling dynamic agricultural production
response: the case of swine production. American Journal of Agricultural Economics
67(3), 636-645.



Daily G.C., Dasgupta S., 2001. Entry on Ecosystem Services. In: Levin S., G.C. Daily, R.K. Colwell,
J. Lubchenco, H.A. Mooney, E-D. Schulze, D. Tilman (Ed). The Encyclopedia of Biodiversity,
Academic Press, San Diego, CA.

Di Falco S., Chavas J-P., 2007. Farmer management of production risk on degraded lands: the role of
wheat variety diversity in the Tigray region, Ethiopia. Agricultural Economics 36(2), 147-156.

Di Falco S., Chavas J-P., 2008. Rainfall shocks, crop biodiversity, and agroecosystem productivity.
Land Economics 84(1), 83-96.

Di Falco S., Chavas J-P., 2009. On crop biodiversity, risk exposure, and food security in the highlands
of Ethiopia. American Journal of Agricultural Economics 91(3), 599-611.

Di Falco S., Perrings C., 2003. Crop genetic diversity, productivity and stability of agroecosystems. A
theoretical and empirical investigation. Scottish Journal of Political Economy 50(2), 207-216.

Di Falco S., Perrings C., 2005. Crop biodiversity, risk management and the implications of agricultural
assistance. Ecological Economics 55, 459-466.

Fridley J.D., 2003. Diversity effects on production in different light and fertility environments: an

experiment with communities of annual plants. Journal of Ecology 91, 396-406.

Gutierrez L., 2003. On the Power of Panel Cointegration Tests: A Monte Carlo Comparison.
Economics Letters 80, 105-111.

Hooper D., Vitousek P., 1997. The effects of plants composition and diversity on ecosystem processes.
Science 277, 1302-1305.

Ismea (lIstituto di Servizi per il Mercato Agricolo Alimentare), 2009. Indicatori del sistema agro-

alimentare italiano. Roma.
Istat, Annuario dell agricoltura italiana, various years.

Judson R.A., Owen A.L., 1999. Estimating dynamic panel data models: a guide for
macroeconomists. Economics Letters 65, 9-15.

Karlsson S., Léthgren M., 2000. On the Power and Interpretation of Panel Unit Root Tests.
Economics Letters 66, 249-255.

Knutson R.D., Smith E.G., Anderson D.P., Richardson J.W., 1998. Southern Farmers’
Exposure to income risk under the 1996 farm bill. Journal of Agricultural and applied
economics 30(1), 35-46.



Loayza N., Ranciere R., 2006. Financial Development, Financial Fragility and Growth. Journal of
Money, Credit and Banking 38, 1051-1076.

MEA (Millenium Ecosystem Assessment), 2005. Ecosystems and human well-being: biodiversity
synthesis. World Resource Institute, Washington, DC, USA.

Moonen A-C., Barberi P., 2008. Functional biodiversity: an agroecosystem approach. Agriculture,

Ecosystems and Environment 127, 7-21.

Morduch J., 1995. Income smoothing and consumption smoothing. The Journal of Economic
Perspectives 9 (3), 103-114.

Moro D., Sckokai P., 1999. Modelling the CAP arable crop regime in Italy: degree of decoupling and
impact of Agenda 2000. Cahiers d’économie et sociologie rurales 53, 50-73.

Nickell S., 1981. Biases in dynamic models with fixed effects, Econometrica 49, 1417-1426.

Pascual U., Perrings C., 2007. Developing incentives and economic mechanisms for in situ
biodiversity conservation in agricultural landscapes. Agriculture, Ecosystems and Environment
121, 256-268.

Pesaran M., Shin Y., 1998. An autoregressive distributed lag modelling approach to
cointegration analysis. In: Steinar S. (Ed.), Econometrics and Economic Theory in the 20th
Century: The Ragnar Frisch Centennial Symposium. Cambridge University Press,
Cambridge, 371-413.

Pesaran M.H., Shin Y., Smith R., 1997. Estimating long-run relationships in dynamic heterogeneous
panels. DAE Working Papers Amalgamated Series 9721.

Pesaran M.H., Shin Y., Smith R., 1999. Pooled mean group estimation of dynamic heterogeneous
panels. Journal of the American Statistical Association 94, 621-634.

Pesaran M.H., Smith R., 1995. Estimating Long-run Relationships from Dynamic

Heterogeneous Panels. Journal of Econometrics 68, 79-113.

Smale M., Hartell J., Heisey P.W., Senauer B., 1998. The contribution of genetic resources and
diversity to wheat production in the Punjab of Pakistan. American Journal of Agricultural
Economics 80, 482-493.

Sumner D.R., Doupnik B., Boosalis M.G., 1981. Effects of tillage and multicropping on plant
diseases. Annual Review of Phytopathology 19, 167-187.



Tilman D., Wedin D., Knops J., 1996. Productivity and sustainability influenced by biodiversity in
grassland ecosystems. Nature 379, 718-720.

United Nations, Convention on Biological Diversity, 1992.

Widawsky D., Rozelle S., 1998. Varietal diversity and yield variability in Chinese rice production. In:

Smale M. (Ed), Farmers, gene banks and crop breeding. Kluwer, Boston.

Windmeijer F., 2005. A finite sample correction for the variance of linear efficient two-step

GMM estimators. Journal of Econometrics 126, 25-51.



Appendix

Abruzzo

Friuli Venezia Giulia

i

Molise

Toscana

-

Figure 1. Biodiversity Index across regions and time
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