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Measuring the risk of non-compliance in Italian organic
farms with parametric and non parametric models
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Introduction

multiple-year period.
Other
studies concernThe main objective of an Certification is an essential feature for organic products, and is based on con- ing the analysis of the ortrols/inspections to verify compliance with EU Reg. CE 834/07. Implementing
organic certification sys- a risk based inspection system can contribute to an effective and efficient or- ganic certification system
tems is to assure that organ- ganic control system, hence improving organic farming relative competitive- in Italy are Gambelli and
ic products are compliant ness. This study is part of the CERCOST EU project, and analyses data from Solfanelli (2009), and De
with the organic standards. inspections on a sample of Italian organic farms, aiming at the identification Gennaro and Roselli
Certification is a key ele- of management and structural risk factors contributing to the occurrence of (2008). The first develnon-compliances. Risk analysis is based on the estimation of both parametric
ment of organic farming and non-parametric models using negative binomial panel estimators and oped a probabilistic modsystems today, because on- Bayesian network modelling.
el for the evaluation of
ly certified organic prodnon-compliance risk facucts may be labelled as Keywords: non-compliance, risk-based certification, Bayesian network, count tors for organic farmers,
data models.
such, thereby gaining acthe latter propose an efficess to the organic market
ciency and effectiveness
and earning premium prices (Dabbert et al., 2008). The certi- analysis of the certification system in an Italian region. A
fication system introduce transaction costs that reduce relative risk based inspection system could support the control bodcompetitiveness of organic farming. A more efficient certifi- ies particularly in the definition of the unannounced visits
cation system may significantly contribute to increase organ- scheme, hence contributing to a more cost-effective system.
ic product competitiveness while maintaining the benefits of The study reported here investigates the factors that affect
trustable organic labelling. Article 27(3) of the EU Reg. the probability of non-compliances occurrence in a three834/07 provides general guidelines for control visits and in- year sample (2007-2009) of Italian organic producers. A
spections, which should be based on a risk evaluation of non- general description of the sanction distribution is provided,
compliance occurrence. The need for a risk-based control sys- and the main outcomes of the statistical and probabilistic
tem is also indicated as key action in the European Action analyses are discussed, and compared with the indications
Plan for organic food and farming. While the potentials for a from the technical report from ACCREDIA (2009) conrisk based inspection system for organic certification is re- cerning the guidelines that control bodies follow for the
cently being discussed by stakeholders (see Zanoli, 2010; present definition of operators’ risk class.
Padel, 2010), few studies have considered the implementation Material and Methods
of this approach from an empirical perspective. Gambelli et
Data are obtained from a sample of farms certified by
al. (2011) provide an implementation of risk based inspection
ICEA1 in the period 2007-2009. The dataset represents
system with a statistical approach to Italian data. This paper
about 20% of the Italian organic farms with a rather homocan be considered a continuation of these studies, and exploit
geneous geographical distribution over the country. The dathe availability of a dataset for Italian organic farm with a
ta contains information on farm structural-managerial charwider time-span. This allows the implementation of a new
acteristics and sanctions imposed on the farms according to
methodological approach and the evaluation of results over
results from control visits. Since data about non-compliance were not completely available, we have used the num1 Dipartimento di Scienze Agrarie, Alimentari e Ambientali – Universiber of sanctions imposed on an operator as a proxy. In ortà Politecnica delle Marche, Ancona-Italy, E-mail: d.gambelli@
der to simplify our analysis, we have aggregated sanctions
univpm.it. This paper is the outcome of a joint research effort. However, D. Gambelli wrote the ‘Results’ section, F. Solfanelli the ‘Mainto two categories: slight and severe (Table 1), according
terials and methods’ one, while R. Zanoli wrote the ‘Discussion’
to the definition of the different sanction types in ACCREsection. Introduction and Conclusions are shared.
DIA (2009). We assumed that a severe sanction is issued
2 ICEA (Ethical and Environmental Certification Institute) is among
when “severe non-compliance” is detected, and a less sethe oldest Italian certification bodies and has the largest share of invere sanction is issued when a “slight non-compliance” is
spected farms.
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(see Cameron et al., 1998). The model explains
the number of non-compliance at the farm level
as a function of a set of risk factors. The panel
2009
8,034
model specification allows managing the individ142
ual heterogeneity due to individual effects. In our
24
8
case these could refer to latent individual effects,
8,208
due to non-measurable variables and to potential
215
2.62
under reporting of non-compliances. We have
used a random effect negative binomial model
(see Greene, 2007 and Greene, 2008 for more deb bilit
tails on the model).
The Bayesian network approach (see among others
Horvitz et al., 1988) builds up a network of connections among variables, and the links among variables are measured in terms of conditional probabilities. Bayesian networks can be used to make inference concerning the conditional probability of non-compliance given a set of risk factors. For instance, we can infer the probability of getting an
infringement if a farmer cultivates a specific crop, or runs a
large farm, etc. The networks have been “learned” from data, for 2008 and 2009, and data on non-compliance for 2007
have been used to model the path-dependence of non-compliance through the three years time span. We have used
PC algorithm for defining the structure of the network (see
Spirties et al., 2000; Spirties and Meek, 1995), and the expectation-maximisation procedure for the computation of
the conditional probability estimation (Dempster et al.,
1977).

Table 11- -Frequencies
of of
sanctions
by type
andand
yearyear.
Table
Frequencies
sanctions
by type
Slight Sanctions
2007
2008
8,024
8,082
494
407
216
116
29
24
8,763
8,629
1,032
724
11.78
8.39

Nr of sanctions
0
1
2
>=3
Total farms
Total sanctions
(%)

Severe Sanctions
2007
2008
8,665
8,436
67
142
26
46
5
5
8,763
8,629
136
250
1.55
2.90

2009
7,778
302
113
15
8,208
579
7.05

Source: own elaborations on ICEA data

Source: own elaborations on ICEA data.
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detected. In other words, we assumed that non-compliance
is followed by sanctions with the appropriate level of
severity.
In this study we want to estimate the risk of non-compliance (considered as probability of a non-compliance to happen) as dependent from a set of potential risk factors. We
have no information concerning the reason why a non-compliance occurred, so we can only infer the risk from a list of
potentially relevant risk factors related to the farmers. Risk
factors can be classified into three categories:
– general risk factors: non-compliance co-dependence (the
risk of slight non-compliance is affected by the occurrence of severe non-compliance, and vice versa) and
non-compliance path-dependence (the risk of non-compliance is affected by the occurrence of non-compliance
in the past); number of other certification schemes in the
farm; farmer’s experience as organic (years).
– structural/managerial risk factors: presence of non organic land, presence of licensee for direct marketing,
farm size (ha), herd size (livestock units) farm and livestock complexity2; processing activities in addition to the
ordinary farming activities.
– crop/livestock specific risk factor: thirteen crop types
have been considered in the model (dummy variables):
arable crops (cereals, industrial crops, dry pulses, root
crops), fodder crops (grasslands, green fodder), permanent crops (olives, grapes, fruits, citrus), vegetables and
unutilized land. For what concerns livestock, five types
have been considered (dummy variables): bovine, pigs,
sheep, goats and poultry.
For the analysis we have used two approaches: a parametric approach based on econometric count data models,
and a probabilistic network approach based on Bayesian
networks. The econometric approach provides an evaluation of the statistical significance of risk factors for the noncompliance occurrence, at the cost of some distributional
and functional form assumptions; the probabilistic network
approach is more flexible, and can handle inference under
uncertainty, but does not provide specific testing for risk
factor relevance. The parametric approach uses a count
panel data model based on negative binomial distribution

Results
Results for slight and severe non-compliance are reported
separately in Table 2, together with the indication of the
main risk factors considered in the technical guidelinesRT16 for Italian organic certification bodies (ACCREDIA,
2009). Relevant risk factors increasing the risk of non-compliance are shown with a +, while those decreasing the risk
are shown with a –; blanks indicate no relevant impact on
risk. When a risk factor is found as relevant in the econometric model only, it is marked with (EC), while if it is
found relevant in the Bayesian network model only models,
it is marked with (BN).
Relevant risk factors in the econometric model are those
with coefficients above the 95% significance level. Relevant risk factors in the Bayesian networks are those showing an impact of at least 10% in absolute terms on the risk
of non-compliance, either in 2008 or in 2009. We have considered in the RT16 column an adaptation of the risk factors
taken into consideration by control bodies. Though a direct
comparison is not possible as there is no bi-univocal correspondence between the risk factors we included in the
analysis and those considered in the RT16, this information
is useful to benchmark our findings. Diagnostics for the
negative binomial model have referred to: overdispersion
test (see among others Winkelmann and Zimmermann,
1995; Ismail and Jemain, 2011) which showed the preference for the negative binomial specification over the Pois-

2

A Shannon index (see Shannon, 1948) was used in the parametric model, and the number of crop/livestock types in the non-parametric model.
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those found in Gambelli et al. (2011), which were
referring to the same sample of farms but for only
one year, and with those found in Gambelli and Solfanelli (2009) that were computed on a different
Slight NC
Severe NC
RT 16
General Risk factors
farms sample. They are also generally consistent
Co-dependence of NC
+
+
+
with the risk factors indicated in the RT16, particuPath dependence of NC (BN model only)
+(BN)
+(BN)
+
larly for what concerns the occurrence of severe
n.a.
Number of other certification schemes
+(BN)
Structural/managerial risk factors
non-compliance, farm size, and livestock production
+
Farmer is a licensee
+(BN)
in general. Some differences however emerge for
+
+
+
Farm size (ha)
-(EC)
+
n.a.
Non organic land
what concerns cereals, green fodder, and fruit. For
n.a.
Farmers Experience as organic
the first two cases the RT16 assumes a negative im+
+(BN)
Processing activities
+/+(BN)
+
GMO-risk crops
pact on risk, which is not confirmed by our results,
+
+
n.a.
Complexity of crops production
particularly for what concerns green fodder. Con+(BN)
+
Complexity of livestock production
trasting results for fruit between our findings and
+(BN)
+(BN)
+
Livestock units (LU) (BN models only)
Livestock density: LU/ha > 2 (BN models only)
n.a.
the indications in the RT16 are somehow less crisp
Crop/livestock specific risk factors
as they are arising from one of the two models only.
+
Cereals
+(BN)
+
n.a.
Industrial crops
The findings emerging from this study are consis+(BN)
+(BN)
n.a.
Dried pulses
tent
with those available from the (limited) literature
+(BN)
n.a.
Root crops
on this issue, and provide an empirical verification
Grassland
+
+
n.a.
Green fodder
+
+
of the risk factors considered by Italian control bodn.a.
Unutilised land
+(EC)
ies. The results show the need to explore further the
+(BN)
n.a.
Other arable crops
+(EC)
Vegetables
issue of non-compliances occurrence, advocating
-(EC)
+
Fruits
-(EC)
more research in collecting adequate data. Data on
Olives
+(EC)
structural and managerial aspects are available from
+(EC)
+(EC)
+
Grapes
-(BN)
Citrus
-(BN)
control bodies in sufficient details, but they fail in
+
Bovine
+
+(BN)
providing sufficient information at farmers’ level.
+
Goats
+(BN)
+(BN)
+(BN)
+
Pigs
More detailed information like personal crime
+(BN)
+(EC)
+
Poultry
records, market price and market channel, liabilities
+
+
Sheep
a controversial results between EC and BN models; b only for severe NC; c liveand debts, financial information could improve considerably the explanatory power of both statistical
stock in general; n.a. not applicable.
and probabilistic models, supporting risk-based inson alternative specification; Hausman test (Hausman, spection schemes. Also, the availability of data for addi1978) for the random effects specification, which support- tional years would allow for a dynamic specification of the
ed the choice for the random effect model over the fixed ef- models, and enforce the empirical base for results. Further
work could also consider the application of zero-inflated
fect one.
models handle the large share of farms without non-comDiscussion and Conclusion
pliance, particularly for the severe case.
The main results arising from our analysis are that the
path-dependence and co-dependence of non-compliances Acknowledgment
play a crucial role in the risk evaluation, though path-deThis publication was generated as part of the CERTCOST
pendence could be not confirmed in the econometric mod- Project, agreement no. 207727 (http://www.certcost.org),
el due to the impossibility to use a dynamic specification. with financial support from the European Community unAs we have no information at the farmer level for what con- der the 7th Framework Programme. The publication reflects
cerns personal aspects that could lead to non-compliant be- the views of the author(s) and not those of the European
haviours, path-dependence and co-dependence of non-com- Community, which is not to be held liable for any use that
pliance can be considered as a general proxy for the per- may be made of the information contained.
sonal attitude of farmers to fraud. Farm size and complexity of crops production are also emerging as factors increas- References
ACCREDIA (2009): Directives for accreditation of Boding the risk of non-compliances in both type of non-compliance and model. Finally, livestock production in general, ies issuing declarations of conformity of agricultural
though with results not confirmed by both models, can be processes and products and food-stuffs produced by organconsidered as critical risk factor, which is indirectly con- ic agriculture methods according to EC Regulations n.
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Mediterranean crops. These results are consistent with d_context=168.
Table 2 - Relevant risk factors for non-compliance (NC) results from negative
binomial and Bayesian networks models: a comparison with risk factors considered by control bodies (RT 16).
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