
147

Ital. J. Agron. / Riv. Agron., 2008, 3:147-165

* Corresponding Author: Tel.: +39 041 2349126; Fax: +39 041 2349176. E-mail address: cgiupponi@unive.it.

Abstract
Various tools and approaches have been experimented worldwide to address the externalities arising from agricul-
tural activities, among which the design of agri-environmental policies and the introduction of specific measures to
cope with the environmental impacts of agricultural origin. The mechanisms adopted within the Common Agricul-
tural Policy with such aim fall within the category of Agri-Environmental Schemes (AESs), which are market-based
policy schemes aimed at providing farmers with the right incentives to adopt farming practices yielding positive en-
vironmental externalities and are based on voluntary participation.
Given the intrinsic complexity of agro-ecosystems and the effects of farmers’ behaviour, the assessment of the ef-
fectiveness and cost-effectiveness of AESs is always challenging, and often both the environmental and economic
role of AESs are questionable. The main objective of this paper is to present a framework for assessing the effec-
tiveness of AESs in promoting social and environmental sustainability in Europe, based on experts’ knowledge. Ex-
perts’ knowledge, acquired through adequate elicitation strategies and managed with robust and transparent method-
ologies, can help building a system of information that can then be used to infer the effectiveness of agri-environ-
mental measures, at least in comparative terms, if not in terms of quantitative absolute estimations. In the present
study, the NetSyMoD framework approach has been adopted.
First, a short introduction of the policy evaluation framework, the role of monitoring and performance indicators
and of experts’ opinion is provided. Subsequently the methodology used to identify experts and to elicit their as-
sessment on the effectiveness of AES schemes is presented. Finally, the paper provides a concrete example in which
experts’ opinions have been used for the assessment exercise, and presents a framework for collecting, managing
and integrating different opinions with quantitative indicators.

Key-words: agri-environment, participatory modelling, expert knowledge multicriteria evaluation.

1. Introduction

Agricultural systems can generally be consid-
ered the result of alterations to natural ecosys-
tems brought about by humans, the farmers,
who plan and implement sequences of activities
with the objective of maximising crop yields, un-
der environmental and economic constraints.
Farming practices alter biogeochemical cycles
(e.g. by means of chemical fertiliser inputs), en-
ergy fluxes (e.g. with machinery operations),
natural populations of plants (e.g. weeds), in-
sects, etc. Some of these alterations produce

negative impacts on the environment, like in the
case of pollution phenomena caused by releas-
es of pesticides in drainage water.

The main driver of farmers’ behaviour is the
market, as the primary objective is income max-
imisation, although varying degrees of risk aver-
sion can also characterise farmers’ decisions, in-
cluding the consideration of strategies to pre-
serve their natural capital and therefore the en-
vironment (e.g. erosion control practices). Un-
fortunately, practices to control environmental
impacts in general are not supported by the
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market and risk management strategies, in par-
ticular when there are no direct negative con-
sequences for the farmers, like in the case of
groundwater pollution by nitrates of agricultur-
al origin.

The failure of markets to induce the inter-
nalisation of negative externalities of behaviour
is exacerbated by the fact that many agricultur-
al techniques that could be considered rational
from technical and economic viewpoints may
have direct or indirect negative impacts on en-
vironmental resources.

Various approaches have been experiment-
ed worldwide to address the minimisation of en-
vironmental impacts of agricultural activities,
while sustaining those practices playing instead
a positive role for environmental preservation,
first of all, in Europe, agri-environmental poli-
cy measures, within the framework of the Com-
mon Agricultural Policy (CAP). In this context,
agriculture in Europe is acknowledged to pro-
vide several environmental and social beneficial
effects, within the broad concept of multifunc-
tionality, and it is therefore considered appro-
priate to compensate those farmers who provide
environmental services beyond the standards of
good farming practices. The mechanisms adopt-
ed within the Common Agricultural Policy with
such aim fall within the category of Agri-Envi-
ronmental Schemes (AESs), which are market-
based policy schemes aimed at providing farm-
ers with the right incentives to adopt farming
practices yielding positive environmental ser-
vices and are based on voluntary participation.

Many different AESs have been introduced
in EU Member States over the last few decades,
for instance payments to compensate farmers
for the expected reductions in yields as a con-
sequence of adopting more environmentally
friendly fertilisation practices.

Given the intrinsic complexity of agro-
ecosystems and the effects of farmers’ behav-
iour, the assessment of the effectiveness and
cost-effectiveness of – alternative – AESs is al-
ways challenging, and often both environmental
and economic effectiveness of AESs are ques-
tionable. A clear understanding of theses issues
requires an integrated analysis of farmers’ be-
haviour, institutional arrangements and envi-
ronmental impacts. The present work originates
in the European Research project ITAES (In-
tegrated Tools to design and implement Agro

Environmental Schemes), aimed at identifyng
factors that affect the effectiveness of AESS and
provide suggestions for their optimal design,
and focuses in particular on the potentials of ex-
pert knowledge elicitation techniques.

In recent years, the evaluation of agri-envi-
ronmental policies, and specifically of AESs, has
emerged as an issue of great relevance, not on-
ly for obvious ethical reasons, given that they
are financed by taxpayers, but also because they
are specifically required by the European legis-
lation.

Three main types of assessment are of in-
terest within the issue of agricultural policy
evaluation: ex ante (i.e. before policy imple-
mentation) and ex post (i.e. a given time after
the application of AESs), with an intermediate
case in itinere (i.e. during the application peri-
od of a given programme). Ex ante evaluation
refers to the forward-looking assessments of the
likely future effects (environmental impacts) of
new policies or proposals. This work can be
done through the use of models and develop-
ment of scenarios. Ex post evaluation relies on
the collection of information about what has ac-
tually happened following the introduction of a
particular measure, thereby establishing the ac-
tual effects of the policy instrument and allow-
ing the comparison of the relative effectiveness
of different measures in meeting their objec-
tives, as well as their relative cost-effectivess. Ex
post evaluations can provide feedback informa-
tion for policy-makers about the actual impact
of a measure. Results can be used to construct
and calibrate evidence-based models and to un-
derpin ex ante evaluation. Finally, the in itinere
assessment refers to the evaluation of AESs
during the course of their implementation, and
is aimed at increasing the flexibility of the tools
used, by allowing the integration of lessons
learned, the implementation of mitigation mea-
sures for unforeseen impacts, or the correction
of identified obstacles.

The main objective of this paper is to pre-
sent a framework for assessing the effectiveness
of AESs based on robust methods for the elic-
itation and management of experts’ knowledge.
In the following sections firstly a short intro-
duction of the policy evaluation framework, the
role of monitoring and performance indicators,
and of experts’ opinion is provided. Secondly,
the methodology used to identify experts and to
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elicit their assessment on the effectiveness of
AES schemes is presented. Finally, the paper
provides a concrete example in which experts’
opinions have been used for the assessment ex-
ercise, and presents a framework for collecting,
managing and integrating different opinions in
a coherent framework and with quantitative in-
dicators.

2. Background

2.1  Policy evaluation framework

Evaluating the effects of a policy measure re-
quires assessing the causal links between the
measure and its ultimate environmental impact.
The results of the evaluation should be pre-
sented in a way comprehensible to a wider pub-
lic of stakeholders and policy makers. For that
purpose further analysis may be required, to de-
rive synthetic evaluation indices, which could be
obtained, for instance, by applying Multiple Cri-
teria Analysis (MCA) methods or similar ap-
proaches (Hwang and Yoon, 1981).

Figure 1 illustrates how the effects and ef-
fectiveness of policy measures fit into a wider
policy evaluation framework, which seeks to an-
swer a broader set of evaluative questions. The
figure unpacks the relationships between soci-
etal needs, the policies issued, and their ultimate
impacts into a number of key elements. The log-
ic expressed by the framework depicted in Fig-

ure 1 shows how policy measures should be de-
termined in order to fulfil a specific need which
relates to a range of issues (social, economic, en-
vironmental). Such measures are defined upon
explicitly stated objectives or key purposes. In-
puts are provided in terms of resources dedi-
cated to the design and implementation of the
measure that has a first tangible result, which is
that of the performance in terms of adoption by
the target group (outputs/results). The effects of
these changes in behaviour on the specific en-
vironment are the outcomes of the measure
(they are related to the more direct and imme-
diate interaction with the environment) and on
a more global scale, the ultimate effect (on the
environment and therefore on human health) is
identified as the impact of the policy (EEA,
2001).

The most important elements of the frame-
work for the purposes of the present work are:
– Inputs: the resources dedicated to the design

and implementation of a measure (e.g. the
amount of subsidies and human resources in
the competent administration).

– Performances: the first tangible results of a
measure, which are obtained in exchange for
public expenditure (e.g. degree of adoption
by farmers).

– Outcomes: the response of the targeted sys-
tem in terms of behavioural change (e.g. re-
ductions of fertilisers’ rates per hectare).

– Impacts: the ultimate effect of the induced
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Figure 1. Evaluation frame-
work for assessing the effec-
tiveness, cost-effectiveness and
utility of environmental mea-
sures (modified from EEA,
2001).
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behavioural changes on the environment and
human health (e.g. reductions in emissions
from cultivated fields).
The collection of information related to each

of these categories allows various evaluations
related to the implementation of a particular
measure.

The effects of an environmental measure are
the results that can be directly attributed to its
implementation. By comparing the inputs with
the results or outcomes, an assessment can be
made of the cost-effectiveness of the measure;
while, by comparing the effects with the in-
tended objectives or reference thresholds, the
effectiveness of the measure can be assessed,
which is the main focus of this work. How these
effects contribute to the overall needs of soci-
ety can be further analysed in terms of welfare
changes (utility) induced by the implemented
measures – net of the implementation costs.

There are several factors which can provide
insights into how to select the most appropriate
policy evaluation methodology, such as (EEA,
2001):
– where links are few and predictable, stan-

dard models may be derived from examin-
ing case studies. These can be used as a
broad basis for making more precise projec-
tions and for assessing the effects of differ-
ent policy scenarios;

– where implementation chains are long and
policy players are numerous, more specific
empirical data need to be collected;

– where the application of a measure is dif-
ferentiated geographically or by target sec-
tor, comparative case studies may be used to
help identify relationships;

– where a target sector is relatively small the
effects of measures may be established by in-
depth interviews;

– where the link between a policy and its im-
pact on the environment is too diffuse or ex-
tended (e.g. general measures that establish
procedures only), it may not be possible to
evaluate the ultimate impacts of the measure
on the environment. It may be more practi-
cal to focus an evaluation on immediate out-
puts and outcomes as a rough proxy for im-
pact.
All the evaluation methods and approaches

require the evaluators to establish an effective
communication strategy to disseminate the re-

sults of the assessment exercise, and ensure im-
provements in the design or implementation of
the policy measures. Assessment indicators and
indices are widely recognised as useful instru-
ments to, on the one hand, facilitate the policy
assessment exercise – be it ex ante, in itinere, or
ex post – and, on the other hand, communicate
the results in an easily understandable and use-
ful format to both policy makers and stake-
holders.

2.2 Indicators and criteria 

The OECD (1997) defines three major desirable
functions of environmental indicators in agri-
culture. Firstly, they should provide information
to policy makers and the general public about
the state of the environment influenced by agri-
culture. Secondly, they have to help policy mak-
ers to better understand the cause-effect loops
between agricultural activities and the state of
the environment. Thirdly, they have to assist in
the evaluation of the effectiveness of agri-envi-
ronmental policy instruments. These major func-
tions can be performed only if the chosen set
of indicators is framed within a conceptual
framework that facilitates the work of policy
makers in investigating the cause-effect loops,
and in evaluating the effectiveness of the poli-
cy instrument.

In the present context, indicators are need-
ed to quantify the elements of the policy eval-
uation framework, and tracing the policy
process. Two main categories can be identified,
according to the scheme described in Figure 1
and to the EC Working Document on Common
Indicators for Monitoring Rural Development
Programming (EC, 2005): firstly, monitoring in-
dicators – and in particular the input (or re-
source) and output (or performance) indicators
– enable operators to report on the use of re-
sources allocated for the design and implemen-
tation of a policy, as well as on the activities for
which they are fully responsible in terms of ef-
fects on the targeted human system1. Secondly,
evaluation indicators go one step further mon-
itoring, reporting and auditing, by providing an
analysis of the effectiveness of the schemes in
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terms of outcomes and impacts. Information
provided by monitoring indicators can serve as
a basis for evaluation.

Having defined the general framework for
the assessment of the environmental effective-
ness of policy measures and of AESs in partic-
ular, the problem emerges of identifying an ad-
equate set of indicators for policy assessment,
and defining how they should be used to derive
evaluation criteria. The document with common
evaluation indicators for the evaluation of rur-
al development programmes is a key reference
with this respect (EC, 2005).

Indicators need to be framed within a well-
defined conceptual framework, allowing a clear
understanding of the system of reference, and
providing means for effective communication
with policy makers. Therefore, a rather simpli-
fied communication approach is needed, able to
trace, through the use of indicators, the causal
links between human activities (agricultural
production systems), and their ultimate impacts
on the environment (e.g. water quality) and so-
ciety in general (e.g. health, nutrition). The DP-
SIR (Driving force – Pressure – State – Impact
– Response) environmental reporting frame-
work proposed by the European Environmen-
tal Agency (1999) is widely used for similar pur-
poses.

The DPSIR framework leads on from per-
formances in terms of human behaviour to the
consequences for the biophysical environment
(outcomes/impacts). It also emphasises the im-
portance of tracing through the causality of ef-
fects, thus linking the effects of a driving force
(e.g. agricultural activities) to a certain pressure
(e.g. nitrogen surpluses) to a change in the state
of the natural resource (e.g. depletion of water
quality) to a final impact (e.g. eutrophication of
water bodies).

Thus, in order to evaluate the effects of a
policy measure (i.e. a response in the DPSIR
terminology), we need to trace through the
strength of the arrows linking the different DP-
SIR elements, as well as tracing the policy
process chain of performances to impacts (CEC,
2000).

At the centre of the framework is the cur-
rent State of the agricultural environment and
how this has changed over time. State indicators
bring to the fore any undesirable changes which
need to be combated (for example, nitrate or

pesticide concentrations in water) as well as par-
ticularly desirable states which should be pre-
served (for example, the diversity of agricultur-
al landscapes or valuable habitats) (CEC, 2000).

The second step is to identify the Pressures
which have brought about undesirable changes
or environmental benefits resulting from farm-
ing which have helped to preserve or enhance
the environment. These have a negative and
positive Impact, respectively, on the environ-
ment. The third step is to link these pressures
and processes to the Driving Forces of the econ-
omy that are directly influenced by agricultural
policy (i.e. farmers’ activities), and it is here
where the integration process is applied (CEC,
2000).

Finally, are agri-environmental measures
(Responses) having the desired effect, are they
responding quickly enough, or are they produc-
ing unforeseen problems?

The DPSIR framework allows the relevant
questions to be posed, and identifies the infor-
mation needed to answer these questions, i.e.
the indicators. The next paragraph will elabo-
rate on this point.

Understanding the nature of the links among
all the elements in the DPSIR is of key impor-
tance in analysing the causes, intensity and con-
sequences of environmental problems, as well as
the effects and effectiveness of the policy re-
sponses designed to address them.

Regarding the effects of policy responses,
once the main features of the socio-ecosystem
of interest are known, the problem is usually de-
fined in terms of estimating the effects of one
or more response on the whole system, i.e. in
terms of variations of the D, P, S, and I indica-
tors. This requires in theory a model which in-
tegrates the various components (social, envi-
ronmental, etc.) in a dynamic simulator. Such a
dynamic model is rarely available or designed,
but at least a model intended as a mental rep-
resentation of the system’s behaviour is need-
ed, in order to estimate the variations of indi-
cator values expressing the effect of the re-
sponse to be implemented. Here the techniques
for experts’ knowledge elicitation can provide
operational solutions to the problem.

2.3 The role of experts 

The ideal AESs evaluation should be based on
both performance and outcome measurements
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to be used for the quantification of indicators
and evaluation criteria. The former reveal pos-
sible problems in the policy implementation
process, whereas the latter inform about the ap-
propriateness of the policy design and of the im-
pact model on which the design is based (Prim-
dahl et al., 2002).

As stated above, calculating the effectiveness
of a measure requires establishing a model of
causal links between the measure and its ulti-
mate impacts on the environment, but also on
relevant socio-economic variables. In order to
do this, it is essential to trace the link between
the performances and outcomes of the measure
and its potential impacts. For this reason it is
necessary not only to collect data and identify
suitable indicators of performances and out-
comes of the measure, but also to categorise
those indicators in a causal framework and to
develop dynamic assessment procedures, based
upon conceptual models providing explicit for-
malisations of the cause-effects relationships.

The formalisation of the agricultural system
and its driving forces in a conceptual model
should be considered as a prerequisite of the
evaluation exercise, since it provides the knowl-
edge about the causal chains among the various
components of the system, and, in particular, the
links between policy measures and their ex-
pected outcomes.

Finally, with a clear assessment model in
mind, agri-environmental indicators can be the-
oretically measured in different ways:
– Ecological monitoring.
– Empirical or mechanistic modelling.
– Farm surveys.
– Local experts’ opinion.

The feasibility of the first three approaches
is often limited by various constraints, such as
lack of data, of financial resources, limited time.
This drives the attention on the use of experts’
opinions for the evaluation of the efficiency and
effectiveness of AESs, in order to fill the gaps
in systematic scientific evidences. It is however
clear that experts’ opinions cannot be informal-
ly collected and collated, as the knowledge gath-
ered should later be integrated with other quan-
titative data, and translated into a coherent set
of evaluation indicators, a prerequisite for the
application of evaluation methods such as
MCAM.

The main issue at this stage is therefore the

definition of a theoretically robust and practi-
cally feasible methodology to integrate experts’
knowledge in a robust and transparent evalua-
tion framework.

3. Methods 

3.1 The NetSyMoD approach for the elicitation
of experts’ knowledge

NetSyMoD stands for Network Analysis – Cre-
ative System Modelling – Decision Support. The
NetSyMoD2 methodology represents the result
of several years of research at FEEM, Natural
Resources Management Research Programme,
in the field of environmental evaluations and
decision-making. It has been designed as a flex-
ible but comprehensive methodological frame-
work which uses a suite of methods and support
tools, aimed at facilitating the involvement of
stakeholders or experts in environmental deci-
sion-making processes, in particular in those de-
cision-making or evaluation processes charac-
terised by the participation of multiple actors,
typical in the field of environmental sciences. In
such context, decisions and evaluations are in-
tended in a broad sense to include any process
in which a choice or a judgement has to be tak-
en by examining the available information on a
given problem. The problem itself, the informa-
tion, the choice set and the judgement are de-
fined with the contribution of different actors,
who may be various experts in the relevant dis-
ciplines for the solution of a certain problem, or
they may be the stakeholders and decision mak-
ers that are formally or informally involved in
decision-making, for instance during the defini-
tion of a local development plan.

The main emphasis is on the integration and
implementation, within the NetSyMoD frame-
work, of state-of-the-art approaches in the field
of modelling: from the more traditional ap-
proaches of bringing simulation models in the
decision process through the development of ad
hoc decision support systems, to the more in-
novative creative thinking approaches for par-
ticipative modelling design.

In the first phase the – iterative – identifi-
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cation of actors (stakeholders, experts…) to be
involved is carried out, and their reciprocal rela-
tionships within the social network assessed. Once
a sort of community of interested parties has been
formed, mental modelling and techniques in the
field of cognitive mapping are applied to analyse
the problem, and to produce a shared conceptu-
al model (i.e. a simplified representation of the
part of the reality of interest). In other words, a
formal description of the system and its causal
links (as described above) is built in such a way
that it can be easily understood and recognised
by the actors involved in its development.The sys-
tems of interest for the proposed approach are
those in which human activities interact with each
other and with the natural resources.

The final phase of decision support may be
of several natures, from cases in which group
decision-making techniques are applied for sup-
porting choices from a given set of alternative
options, to others in which the opinions of ex-
perts have to find a common ground in the de-
bate about a specific problem.

3.2 The identification of experts

The approach proposed in this paper aims at be-
ing flexible enough to be applied in different
contexts and at different scales; it is designed to
reduce the risks of omitting important actors in
the evaluation process, and to ensure that their
opinions are elicited in a transparent and robust
manner, as well as integrated within a common
framework. The approach suggested for involv-
ing experts is described in the remainder of the
paper, with reference to a specific case study.

The first step of the identification process is
suggested by different sources3 and it consists in
forming an ad hoc steering group, hereafter re-
ferred to as task force group (TFG), involving
a small number of people. The first task of the
group is to take part in a brainstorming work-
shop aimed at drafting a list of the experts to
be involved and at compiling their profiles ac-
cording to a predefined set of categories. A
team approach is likely to be more effective
than an individual doing the identification
process alone. In fact, a team can compensate
for, and neutralise, individual biases. It can pro-
vide a more objective perspective of stakehold-
ers/experts position and interests (Varva-
sosovsvszky and Brugha, 2000). The TFG should
be composed by:

– a core group of experts: people who have a
sound expertise in the subject under consid-
eration, and a role to play in the evaluation
exercise;

– one facilitator: this person should support
the group and analyse the outcomes.
The ideal number of TFG members should

be determined on a case-by-case basis, even
though for the sake of meeting management ef-
ficiency it is advisable not to involve a large
number of participants (i.e. less than ten, in gen-
eral).

The first objective of the meeting is to clear-
ly define the issue at stake (i.e. the specific in-
terest within the broad context of AESs ap-
praisal). The second step is to provide the TFG
with a set of criteria for drafting the list of ex-
perts to be involved in the policy assessment.
The set of criteria (ad hoc boundaries) has to
be defined beforehand by the research team.

As far as the experts are concerned, the ad
hoc boundaries defined for their identification
should depend on several factors, such as the
scale of the investigation, the specific issue, etc.
It is always good practice, however, to include
a good mix of experts with a strong scientific
background and with sound empirical knowl-
edge.

The identified experts will then take part in
a group assessment exercise/workshop. On the
practical side, one needs to bear in mind that
finding a suitable date for the meeting may be
time-consuming, and this factor is worth con-
sidering when planning for the consultation
process – in particular with experts. Moreover,
researchers should be aware of the potential
competition existing among experts: this should
be kept to a minimum, in order to avoid a sit-
uation in which experts are not willing to speak
their mind in front of people whom they per-
ceive as competitors. If this appears to be an is-
sue in the local context, Social Network Analy-
sis (Wasserman and Faust, 1994; Wetherell et al.,
1994) – usually adopted when a broad commu-
nity of stakeholders has to be involved – will
help minimise and manage this risk. Social Net-
work Analysis entails building a network of the
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community of experts with an interest in the
problem under investigation, or with the poten-
tial to influence decisions or their implementa-
tion. In the case of experts’ consultation, net-
work relations can be constructed through a
desk review, on two accounts: (i) history of col-
laboration among the experts identified by the
TFG through, e.g., searches in international
journal databases to identify authors and co-au-
thorships, as well as cross-citations, or member-
ships in commissions, professional registers, con-
sultancy work, etc. and (ii) by clustering experts’
expressed views and expertise, with the purpose
of carefully selecting participants representing
views as well as fields and disciplines, and avoid-
ing the participation of experts with similar
views.

Whenever the boundaries of the population
are not clear-cut or easy to impose using a set
of identified criteria, a snowball sampling
methodology can be adopted. This technique
can be used to complete and improve the reli-
ability of the first draft list, ensuring that all the
relevant experts have been included. The sam-
pling process begins when the research team se-
lects a small number of participants, the so-
called “seeds”, who are the first to be involved
in the process. These seeds should suggest oth-
er actors to be involved. The basic idea behind
this kind of method is that respondents are not
selected from a sampling frame, but from the
linked network of existing members of the sam-
ple. This sampling process continues until the re-
search team is reasonably sure that all the main
actors have been identified (Salganik and
Heckathorn, 2004).

The results of the experts identification
phase and the following Social Network Analy-
sis (when needed) should allow the identifica-
tion of the key actors to be involved in the sub-
sequent Creative System Modelling workshop,
and they will also provide useful information for
identifying the power relationships, the interest
groups, and the main conflicts within the net-
work of actors. A comprehensive flow-chart of
the proposed framework can be found in Fig-
ure 2.

3.3 Creative thinking and modelling techniques
for knowledge elicitation

Creative System Modelling (CSM) is a key com-
ponent of the NetSyMoD approach, that makes

use of the outcomes of the Actors Identification
and, when relevant, of the Social Network
Analysis steps in order to give inputs to the fi-
nal phase of evaluation.

In this field, the international literature is
rich and diverse, although there is no clear
agreement on terminology, methodologies, and
so on and so forth. There are several reasons
for this, such as the relative novelty of the top-
ic and its development in rather distinct re-
search fields (psychology, operation research,
physics, natural sciences). Thus, one of the first
concepts to be defined is that of mental models
as distinguished from the usually adopted con-
cept of model, which implicitly refers to the
mathematical formalisation of real world sys-
tems for simulation exercises. There are many
assumptions about mental models, and, even
though the literature addressing this concept in
various scientific fields is vast, the explicit defi-
nitions are quite rare. What emerges from the
literature concerning mental models is that re-
searchers and practitioners employ, to a degree,

Giupponi C., Fassio A., Sgobbi A.

154

Figure 2. The NetSyMod approach for the environmental
appraisal of AESs in the ITAES Project.

•Italian Journal  2008 n.  3  12-11-2008  15:25  Pagina 154



different techniques for eliciting and mapping
mental models, which are based on their own
unique definitions. A review of the literature
dealing with the definitions of mental models
was done by Doyle and Ford (1998), who con-
centrate on the definitions within the system dy-
namics and related system thinking literature,
thus relevant in the present context. The authors
offer a conceptual definition of mental models
of dynamic systems: “A mental model of a dy-
namic system is a relatively enduring and ac-
cessible (conscious), but limited (not too com-
plex to help decision making), internal, concep-
tual representation (cognitive structure not a
process4) of an external system5 whose structure
maintains the perceived structure of that sys-
tem”. Thus a mental model exists in mind, and
an external representation of an internal mod-
el is a cognitive map (Axelrod, 1976; Eden,
1994).

Cognitive Mapping (CM) is a general term
that applies to a series of methods for provid-
ing external representations of mental models,
functional to the further development of simu-
lation models. Most researchers treat cognitive
maps as a tool that can usefully summarise and
communicate information, rather than as a lit-
eral description of mental images (Huff, 1990).
Cognitive mapping was described by Downs and
Stea (1973) as a process composed of a series
of psychological transformations by which an in-
dividual acquires, codes, stores, recalls, and de-
codes information about the relative locations
and attributes of phenomena in their everyday
spatial environment.

In this context, CM provides a means for fa-
cilitating the process of participatory modelling
and, more specifically, for eliciting knowledge
and preferences from actors. CM techniques aim
to provide a tool for revealing people’s subjec-
tive beliefs in a meaningful way, usually ex-
pressed as networks of nodes connected by
causal links. They are useful to gain insights in-
to the problem from different perspectives, and
this may then facilitate the evaluation process
by identifying divergences and convergences, as
well as encouraging negotiations and helping to
reduce conflicts.

The key experts selected in the previous
steps of the NetSyMoD approach take part in
a workshop where, with the help of a profes-
sional facilitator, they apply the CM technique

most suitable for the specific case. Although
many alternative approaches are available,
when dealing with experts for the elicitation of
cognitive maps, techniques based on the Hodg-
son’s hexagons approach (Hogdson, 1992) can
be utilised. This approach allows an interactive
creation of scenarios and alternatives, or, as in
the case of AES assessment, the identification
of the elements to be considered for the evalu-
ation and the visions of the experts about the
AESs to be evaluated. This technique is rela-
tively simple and can be supported by the use
of a specific software6.

The experts’ workshop is organised in sev-
eral phases. In the enrolment phase, the facilita-
tor explains the CM exercise idea and its goals,
and introduces participants to the workshop
technique by interactive games. During the
brainstorming, individuals contribute ideas
through a semi-structured, open discussion, ini-
tiated by open questions projected with a beam-
er on a screen, and providing blank hexagons to
be filled with the statements of the experts.
Once all participants’ perceptions are collected,
the concepts are roughly clustered by the facil-
itator and shown back to the group. Further
comments are integrated as participants review
one another's contributions and piggy-back on
one another's ideas in a plenary session. Link-
ing concepts and building causal loops for fur-
ther evaluation is exploited to initiate discussion
around causes and effects, and to come to a
shared understanding of the problem. Open
questions and the following phases are designed
in order to have, in the end, the DPSIR frame-
work as a sort of standardised approach to a
shared conceptual model about the problem at
hand.

The CSM as described above can provide the
common view of the causal links between the
measures and the objectives. Such common view
being shared at the workshop by all the experts
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4 Cognitive structures store information whereas cogni-
tive processes are the mental operations that transform,
elaborate, and reduce this information during decision
making or problem solving.
5 Mental model that refers to the one’s own internal cog-
nitive structure is named metamodel.
6 Creative Thinker. For more information about the soft-
ware see at http://www.cul.co.uk/software/rev3.htm.
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will subsequently serve as a basis for the quan-
tification of causal loops, i.e. the identification
and assessment of indicators, which is the final
outcome of the CSM workshop, to be further
elaborated in the multi-criteria analysis.

The association of quantitative indices to a
closed list of possible answers allows the calcu-
lation of an “Environmental Effectiveness In-
dex” (Finn and Kurz, 2004), as a combination of
a series of indicators, i.e. criterion values with-
in an MCA scheme. For that purpose, experts
should also be asked to assign weights to each
category of impact contained in the Environ-
mental Effectiveness Index, that reflect political
or other types of priorities. In practice, once the
general evaluation of the AESs has been car-
ried out, the experts are involved in the quan-
tification of the indicators to be utilised later in
the multi-criteria analysis. This can be done by
means of an ad hoc questionnaire.

The CSM workshop has been designed to be
last one day: approximately 3 hours in the morn-
ing for the Enrolment phase, Brainstorming and
Clustering and 2-3 hours in the afternoon for
the Analysis of causal loops through the com-
pilation of a matrix. Alternatively, the latter
phase could be carried out by the experts inde-
pendently and, in this case, the workshop should
last 3-4 hours (e.g. morning and social lunch).

The report on the Venice Lagoon Watershed

case study summarised below will bring more
concrete insight into how the NetSyMoD ap-
proach can be applied for AESs evaluation ex-
ercises.

4. Case study: AES evaluation in the Venice La-
goon Watershed

4.1 The case study

The Venice Lagoon Watershed (VLW) is the
portion of the alluvial plain of the Veneto Re-
gion (north-eastern Italy) that discharges into
the Lagoon of Venice (Fig. 3). It has a surface
area of around 1,850 km2, comprising 115 mu-
nicipalities and around one million inhabitants.
The VLW is almost entirely flat and is charac-
terised by a very complex hydrography, with
rivers and artificial canals and 27 outlets in 
total.

The VLW is considered by the national leg-
islation a sensitive area for the protection of wa-
ter against pollution (D.Lgs. n. 152/99).

The land use is distributed as follows: 75%
rural land (65% cultivated lands), 15% urban
and 5% industrial, the remaining 5% compris-
es vegetated areas, touristy infrastructure, urban
parks, etc. The predominant crop is maize which
is grown in over 56% of the cultivated lands.
According to census data, about 210,000 bovines
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Figure 3. The Venice Lagoon
Watershed.
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and 130,000 swine are reared in the VLW. Agri-
culture has a high input of fertilisation and the
livestock production is intensive and scarcely in-
tegrated with crop production. During the
1980’s and the early 1990’s, high nutrient loads
in the VLW have been responsible for a severe
eutrophication of the Venice Lagoon (Sfriso et
al., 1988).

While municipal and industrial pollution
loads have been significantly reduced during the
past decade by means of waste water treatment
plants, nutrient loads from agriculture and ani-
mal rearing activities still remain a significant
source of pollution, in particular because nitro-
gen has been shown to play a major role in the
dystrophic cycle of the Lagoon (Bendoricchio et
al., 1994; 1999) and its abatement is therefore of
primary concern.

In the Lagoon Master Plan (Regione Vene-
to, 2000) the Regional Government has planned
interventions and actions to reduce the pollu-
tant loads from a total of 9,000 t of nitrogen dis-
charged in the average hydrologic year to a
maximum of 3,000 t.

According to the estimate of the Master Plan
2000, nitrogen from agricultural and animal
farming sources accounts for about 65% of the
nitrogen generated in VLW (around 9,000 tons
on the average).

In 2002 the Regional Government has made
available a substantial amount of financial re-
sources for the implementation of agri-environ-
mental measures in the VLW and issued a call
for farmers’ applications for the adoption of the
practices supported by the measures (Del. n.
2116 2/08/2002). Farmers could apply for one or
more of the measures listed in Table 1.

A great wealth of studies has been carried

out in recent years on the VLW. Nevertheless, a
comprehensive quantitative knowledge and an
operational model allowing the estimation of
the environmental benefits of the agri-environ-
mental measures implemented is still lacking.
On the other hand, monitoring activities are not
suitable to assess the direct effects of the mea-
sures, as it is not practically feasible to measure
the variations of nutrient releases from every
single farm and track their fate along surface
(and ground) water bodies, down to the final
discharge to the lagoon.

Expert knowledge, acquired through ade-
quate elicitation strategies and managed with
robust and transparent methodologies, can help
building a system of information that can be
used to infer the effectiveness of agri-environ-
mental measures, at least in comparative terms,
if not in terms of quantitative absolute estima-
tions.

4.2 The evaluation context

This section presents the results of the applica-
tion of the NetSyMoD approach described
above. The cognitive workshop for the evalua-
tion of AESs was designed to manage the in-
volvement of experts with different background
and origin (farms, public administrations, uni-
versities) in an evaluation exercise to provide a
preliminary assessment of the effectiveness and
efficiency of the agri-environmental measures
implemented in the VLW. Further research ac-
tivities based on the use of nutrient balance
sheets should provide a parallel, more tradi-
tional contribution to the evaluation of these
measures.

The specific objective of the workshop was
thus to involve a group of experts in the agro-
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Table 1. Agri-environmental measures adopted in the VLW.

Description

Measures C.5.1.3a Integrated agriculture, envisaging the implementation of 5-year crop rotations, with limits on
the surface area of maize, the adoption of a rational fertilisation plan, etc.

C5.1.3b Buffer strips and set aside, financing the plantation or maintenance of existing vegetated
buffer strips for 5 years, along field margins (5 to 30 m wide), or land set aside for 10 years.

C5.1.3c Rational irrigation and subsurface drainage, financing the substitution of low-efficiency grav-
itational systems with pressurised sprinkler irrigation and controlled tile drainage systems.

C5.1.4 Investment on improved livestock rearing plant technologies, with various options, such as
new liquid manure storage tanks, improved feeding technologies, new machinery for liquid
manure distribution, etc.
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environmental field in a participatory exercise to:
– contribute to fill in the information gaps on

mechanisms and environmental effectiveness
of the policy measures adopted in the VLW
for reducing nutrient loads reaching the la-
goon;

– develop a scheme of the system under in-
vestigation, in which both the experimental
evidence and the monitoring data could be
contextualised within the assessment activi-
ties of local experts, for the benefit of the lo-
cal government managing the agro-environ-
mental policy.
At the roots of the methodology there is the

belief, supported by multiple experiences at in-
ternational level, that the involvement of ex-
perts and interested parties during the whole as-
sessment process can contribute to overcome
the frequent problems related to different vi-
sions and often conflicting interests in the man-
agement of environmental problems.

Local experts and the representatives of gov-
erning institutions, who have responsibilities for
planning and management, are jointly involved
in the process of developing conceptual models
as a first, and mathematical simulations as a sec-
ond step. The group setting facilitates the com-
prehension of such approaches and, as a conse-
quence, their acceptance in the sphere of deci-
sional and planning processes.

The main goal of the VLW application of the
proposed methodology was to contribute to the
adoption and correct use of information deriv-
ing from either models (conceptual and simu-
lating models) or other sources, during the de-
cisional processes in the agro-environmental
field. Furthermore, the specific case study was
designed to respond to the following problems:
– objective difficulty in analysing and tracing

the complex cause-effect links among all the
factors that determine the environmental ef-
fectiveness of different agri-environmental
measures with respect to the ultimate objec-
tives of the policies;

– plurality and diversity of agro-environmen-
tal schemes and objectives;

– lack of experimental monitoring data;
– lack of specific validated simulation models for

the different environmental and productive sit-
uations of the Italian and European territory;

– problems in communication between the sci-
entific community, policy makers and other
interested parties.

In such context, a structured process for the in-
volvement of experts and/or the wider public can
contribute to improve the current situation by:
– creating a common and comprehensive vi-

sion of the problem, or rather of the agri-
culture-environment system in the VLW in
this case, adopting a conceptual scheme that
focuses on cause-effect links among the agri-
cultural activities (crop and livestock pro-
ductions), the environmental impacts and the
measures of agro-environmental policy;

– evaluating the strength and weakness of the
agro-environmental schemes adopted, with
respect to the global process of policy im-
plementation.
The exercise ultimately contributes to de-

signing better – that is, more efficient and cost-
effective – agri-environmental schemes to re-
duce the pollution of the Venice Lagoon.

4.3 The involvement of experts

In order to select the experts to be involved in
the workshop, a TFG was established, including
a member of the research team, one represen-
tative of the Regional Environmental Protec-
tion Agency (potential user of the outcomes),
one executive of the Agri-environmental Policy
Department of the regional administration
(competent for the AESs design), and a profes-
sional facilitator, in charge of adaptating the
methodological framework to the case study
and management of the CSM workshop.

The two representatives of the regional ad-
ministrations identified the experts to be in-
volved, who belong to the following three cate-
gories:
– administrators and officers of the local gov-

ernment;
– academicians with specific experience in the

field in question;
– technicians, experts of the extension services,

and farmers who adopted the AESs.
Starting with a preliminary short list of key

experts, the snowball technique was then ap-
plied, whereby further suggestions were asked
from people included in the first list, in partic-
ular with regard to the identification of techni-
cians and farmers who have been involved in
the application of the measures. The individuals
identified through snowball sampling were then
included in the group of the experts compiled
by the TFG, and a final list of 24 people to be
invited at the workshop was produced. A po-
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tential problem with the involvement of experts
was that the assessment exercise had originated
in the sphere of project research, and not with-
in official institutional activities. This could have
caused a lack of interest in the invited partici-
pants, who could have perceived their contribu-
tion as an academic exercise, rather than in-
forming further decision-making. This critical
aspect was dealt with during the organisation of
the workshop, and it was clearly stated during
the involvement of local actors. Nevertheless,
the contribution of the experts was active and
concrete, and the workshop can therefore be
considered not simply an academic exercise, but
a significant test.

4.4 The CSM workshop

The workshop consisted of two phases. The first
phase concerned the framing of a mental mod-
el of the causal links between agricultural ac-
tivities and the environment based on the DP-
SIR approach, with the use of brainstorming
techniques such as the “Hodgson’s hexagons”
method (Hodgson, 1992); the second phase con-
sisted of the evaluation exercise of the set of
four measures, according to the approach pro-
posed by Simos (1990).

Following the DPSIR approach, the ideas of
the experts on the following issues were col-
lected:
– identification of the causes and processes

(Driving forces and Pressures) to be consid-
ered within the phenomena of agricultural
diffuse pollution;

– identification of the effects of the production
processes on the State of the environment and
the Impacts (positive and negative) expected.
The elaborated results are reported in the

following pages, consisting in:
– processing of the data on causes and process-

es to select the elements configured as Dri-
ving forces (i.e. human activities directly or
indirectly bound to VLW agriculture) and el-
ements that can be included in Pressures (i.e.
the processes and the mechanisms through
which the Driving forces affect the state of
the environment);

– clustering of the Driving forces and Pres-
sures into relatively homogeneous groups
within which to identify, according to the
DPSIR approach, D and P categories/indi-
cators at an upper synthesis level (see Tabb.
2 and 3);
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Table 2. Driving forces.

Agricultural driving forces

Inspections and • Sanctions
sanctions • Inspections and controls

• Corporate social responsibility
• Effluent disposal and control

Water management • Rigid water distribution 
and distribution system

Animal productions • Beef cattle breeding

Institutional and • Durability of the adopted 
normative context processes

• Bureaucracy and normative 
changes

• Evolution of the CAP
• Institutional context
• Normative uncertainty

Public management • Lack of control by the Public
and planning Administration

• Quality of services offered to
farmers

• Inaction of the Public Adminis-
tration

• Political support
• Planning and management
• Managerial approach

Crop production • Field crops
• Crop mix

Political and social • Union organisations and 
role of agriculture political influence

• Labour force reduction
• Sectoral dynamics
• Redefinition of agriculture’s

role, social expectations
• Ageing of farmers

Agricultural • Land values
structural aspects • Urbanisation

• Number and size of holdings
• Organisation of the productive

process
• Agriculture vs. non-agriculture

land uses
• Farm typologies
• Role of contractors 

Economic context • Production costs and incentives
• Crop market and opportunities
• Economic performance of the

measures
• Costs of fertilisation
• Protein food costs
• Prices of agricultural commodities

Training, technical • Knowledge of the nitrogen and
assistance and organic matter cycles
expertise • Technicians’ training

• Agro-meteorological services
• Part time agriculture and 

know-how
• Farmers’ behaviours
• Training and technical assistance
• Knowledge of the land
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– processing of the information on the State of
the environment and the Impacts, in order
to extract those elements that can be set as
State indicators (i.e. those elements that iden-
tify the modalities through which the envi-

ronment can change under the effect of the
Pressures in the VLW) and those that instead
can be included in the Impacts (whereby eval-
uation concepts are expressed in positive or
negative terms on the environmental state
changes);

– Clustering of the State and Impacts indica-
tors into relatively homogeneous groups, to
identify the categories/indicators of S and I to
an upper synthesis level (see Tabb. 4 and 5);

– Combination of synthesis indicators in a DP-
SIR global scheme for the analysis of agro-en-
vironmental issues in the VLW (see Fig. 4);
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Table 3. Pressures.

Pressures of agricultural origin

Typology and • Nitrogen balance of animal
distribution of production
cattle breeding • Cattle breeding process

• Spatial distribution of cattle
breeding plants 

• Wastewater volumes

Fertiliser • Use of chemical fertilisers
application • Nitrogen fertilisers’ fractioning
techniques

Wastewater • Wastewater releases
management and • Wastewater distribution 
distribution modality

• Adequate spreading surfaces for
liquid manures

Cultivation systems • Nitrogen needs over time
• Winter cover crops
• Field crops vs. other agricultural

land uses
• Nitrogen crop balance

Technological • Water treatment technologies
opportunities • Measuring technologies

• Technologies supporting the
farmer

Irrigation systems • Irrigation technology
• Water balance
• Irrigation

Table 4. State indicators.

Effects on the state of the environment 

Effects on • Landscape alteration
landscape

Effects on • Groundwater pollution 
groundwaters • Nitrates percolation

Effects on surface • Alteration of surface hydrology 
waters • Alteration of river quality status

• Nitrate concentrations
• Phosphate concentrations

Effects on water • Water resources availability
resources 
availability

Effects on soil • Heavy metal concentrations 
in the soil

• Erosion rate

Effects on air • Air quality

Figure 4. Organisation of
synthesis indicators within
the DPSIR scheme.
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Table 5. Impact indicators.

Impacts on man and the environment 

Impacts on • Consequences of reducing 
agricultural systems animal production

• Liquid vs. solid manures
• Introduction of new technolo-

gies
• Re-distribution of slurry
• Variation of cropping systems
• Lower maize production
• Evolved technologies

Social impacts • Tangible benefits on the 
on agriculture community

• Loss of competitiveness
• Loss of cultural capital
• Increase of agriculture vs. non-

agriculture conflicts
• Reduction of within agriculture

conflicts
• Conflicts among farmers
• Positive environmental exter-

nalities

Impacts on farm • Increase of bureaucratic 
management burden

Land use impacts • Agriculture vs. urban develop-
ment

Impacts on • Ecosystem evolution
ecosystem • Low environmental benefits

• Biodiversity decrease
• Availability of water resources

Impacts on soil • Loss of fertile soil
• Solutions of hydraulic problems
• Presence of wetlands

Impacts on water • Potable water quality
resources • Water treatment costs

Impacts on the • Algae bloom
lagoon • Lagoon eutrophication

• Recreational lagoon uses
• Quantity and quality of the

catch in the lagoon

Impacts on surface • Rivers’ degradation
water

Impacts on • Water table lowering
deep water • Groundwater recharge

Impacts on the • Increased presence of 
landscape hedgerows

• Agricultural landscape quality

Impacts on air • Greenhouse effects and the
Kyoto protocol

– Building of a so-called “recommendations
list” with the hexagons not suitable to be-
come part of the DPSIR scheme, but still
representing issues, aspects to be considered

or instances brought to the attention of the
group by the experts (not reported here for
brevity). Such interpretation seems to be
confirmed by the fact that we are dealing
with hexagons that originated at the end of
the elicitation process.

4.5 Comparative evaluation of four selected
agro-environmental measures

The evaluation of the effectiveness of environ-
mental policies is a very challenging process, re-
quiring analyses that very often are difficult to
perform. For instance, in order to estimate the
benefit of a specific agri-environmental mea-
sure, it is theoretically necessary to have two
identical, or at least very similar, territorial sit-
uations where the values of the relevant envi-
ronmental indicators can be assessed and com-
pared, in presence and absence of the measures,
over a sufficiently long – multiannual – time
span. Rarely can assessors access such informa-
tion, and therefore very often experts’ knowl-
edge is adopted to evaluate the effectiveness of
policies, integrating it with all the available
quantitative information resulting from moni-
toring and modelling.

Evaluation remains a complex process that
must analyse and possibly quantify a series of
factors such as the availability of financial re-
sources, the mobilisation of human resources
and the uptake by the interested people, etc., as
reported in Figure 1. In practice a series of fac-
tors, analysed together and in sequence, can
contribute to the comprehensive evaluation of
the effectiveness of a specific measure resulting
from an environmental policy. In particular agri-
environmental measures can be effective if:
– they are clearly referred to theoretically

sound objectives;
– they are adequately supported with financial

and administrative resources for their im-
plementation;

– they are technically feasible;
– they significantly differ from ordinary tech-

niques;
– the degree of uptake by the farmers is suf-

ficient to obtain tangible/significant results;
– they are applied with adequate geographical

targeting and distribution;
– they are properly monitored to avoid the

risk that agreement holders may not comply
with the management agreements.
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Having identified the above list of factors, in
the second phase of the workshop an evalua-
tion session was organised for the elicitation of
experts’ opinions within an evaluation frame-
work, designed in order to apply MCA and thus
derive a ranking of the alternative measures ac-
cording to their perceived effectiveness.

The measures considered at the evaluation
workshop are those described in Paragraph 4.1,
and coded as follows:
A: Integrated agriculture
B: Buffer strips with trees
C: Improved irrigation systems (more effi-

cient)
D: Improved livestock feeding systems.
The evaluation criteria according to the list of

factors stated above are:
SA: Theoretical relevance with respect to the

stated policy objectives 
RF: Financial support and human resources

made available by the competent adminis-
tration

A: Degree of uptake by farmers
DG: Adequacy of geographical targeting and

distribution
VP: Significance of differentiation from ordi-

nary techniques
P: Technical feasibility
AC: Control feasibility.

According to Simos (Simos, 1990; Figueira
et al., 2005), the procedure foresees the elici-
tation of weights through a ranking based on
the use of cards. Every participant has a set of
n cards where the names of the options (or cri-
teria) to be ranked (or weighted) are report-
ed, plus a series of m white cards to be used
to express the separation between the judg-
ments. In the present case cards have been re-
placed, for logistic reasons, with a series of n

+ m cells where the respondents were asked to
place the code of the criterion or option. Par-
ticipants could place on the same level (same
cell of the matrix) more criteria/options be-
lieved to be of same importance/weight they
could interpose one or more empty cells (i.e.
white cards) between criteria/options with dis-
tinct judgments, to emphasise the diversity of
the judgments.

Qualitative judgements expressed as de-
scribed above are converted into quantitative
values by first summing up the positions of the
various options/criteria including the empty
cells used, and then by dividing the rank of each
option/criterion by the obtained sum.

The evaluation was carried out focusing at
first on the analysis of the performance of the
four options against each of the seven criteria
(experts were to make a judgement as to how
adequate the measures were in relation to each
of the criteria, by filling the cells of a 7 by 4
columns matrix).

An evaluation matrix was produced (Crite-
ria on the rows and Measures on the columns)
by processing the 24 responses and averaging
the judgements of the experts (Tab. 6).

Similarly, the experts were asked to express
their opinions in terms of weights to be given
to the seven criteria considered and the results
are reported in Figure 5.

Interesting to note are both the average val-
ues of the weights and the variability of experts’
judgements. Experts considered criterion SA
(theoretical relevance with respect to the state
policy objectives) as the most important, fol-
lowed by RF (Financial support and human re-
sources made available by the competent ad-
ministration) and A (Degree of uptake of the
measure by farmers). The first and the second
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Table 6. Evaluation matrix, with scores and coefficients of variability of the judgements expressed by the experts.

Measures

Criteria A B C D
Score C.V. Score C.V. Score C.V. Score C.V.

Sa 0.387 47.7 0.260 64.2 0.213 71.8 0.140 41.9
RF 0.276 46.4 0.253 46.9 0.262 67.9 0.209 61.1
A 0.306 50.1 0.253 53.1 0.202 57.2 0.240 56.2
DG 0.266 45.2 0.270 47.8 0.225 63.1 0.240 59.0
VP 0.348 62.4 0.316 45.2 0.242 67.9 0.152 64.0
P 0.210 61.8 0.293 49.5 0.287 56.7 0.211 69.7
AC 0.112 72.4 0.477 28.6 0.249 40.2 0.162 87.3
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criteria showed broader dispersion of judge-
ments, while the third obtained a strong con-
vergence of opinions, as the DG (Adequacy of
geographical targeting and distribution) and VP
(Significance of differentiation from ordinary
techniques) criteria, but the latter have very low
average weights.

In the final step, a weighted sum was per-
formed by summing up the scores of the eval-
uation matrix weighted by the weight vector re-
ported in Figure 5, with numerical results re-
ported in Table 7. The experts involved in the
evaluation process expressed a clear preference
in terms of effectiveness for the first two mea-
sures (integrated agriculture and buffer strips),
while considering the measure “reorganisation
of irrigation systems” much less effective. Fi-
nally, experts’ judgment indicates that interven-
tions on livestock rearing systems are likely to
be of limited effectiveness.

These results are of clear interest for the
body financing agri-environmental schemes in

the region, i.e. the Regional Administration:
they provide not only a concise quantitative
(even if with relative meaning) judgement, but
also a systematic description of the motivations
that brought the experts to obtain such results,
i.e. the values reported in the first part of Table
7, where the weighted scores are reported.
Moreover, according to the policy evaluation
framework described in section 2.1, the final
ranking scores (bottom of Tab. 7) assume the
meaning of a comprehensive Comparative Ef-
fectiveness Index which can inform the future
strategies in terms of agri-environmental mea-
sures to be included in the forthcoming rural
development plans.

For instance, it is very interesting to note that
option A (integrated agriculture) showed a re-
markably better performance in terms of crite-
rion SA (theoretical relevance) as compared to
the other options, while the overall ranking
shows a performance which is not much differ-
ent from option B (buffer strips). The reason
being the relatively bad performance of Option
A for what concerns the feasibility of controls,
which are clearly much easier for Option B, con-
sisting in checking the presence of the vegetat-
ed buffer strips on the field, instead of analysing
declarations of farmers in terms of techniques
adopted, for instance in terms of fertilisers rates,
as for Option A.

5. Concluding remarks 

This paper reports the experimental application
of a new participative method for the elicitation
of experts’ judgement in support of the evalua-
tion of the environmental effectiveness of agri-
environmental measures.

The conceptual model developed in the first
part of the workshop involving local experts in
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Figure 5. Results of the weighting
of the evaluation criteria: average
weights on the left in the table and
box (25th to 75th percentiles) and
whiskers (min-max) plot of vari-
ability of experts’ opinions on the
right.

Table 7. Results of the multi-criteria analysis (MCA) of the
four agri-environmental measures. Comparative effective-
ness indices reported as final scores of the procedure.

Weighted scores

Measures
Criteria A B C D

Sa 0.097 0.065 0.054 0.035
RF 0.050 0.046 0.048 0.038
A 0.048 0.040 0.032 0.038
DG 0.027 0.027 0.023 0.024
VP 0.030 0.027 0.021 0.013
P 0.029 0.040 0.039 0.029
AC 0.010 0.041 0.021 0.014

Ranking

Measures

A B C D
Score 0.290 0.286 0.237 0.191
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a group exercise is of general interest for de-
picting the physical and socio-economic system
of the agriculture of the Venice Lagoon Water-
shed.

Monitoring activities aimed at acquiring ex-
perimental evidence of policy effectiveness
could be framed within the agreed conceptual
framework, but also mechanistic models, capa-
ble of simulating the diffuse pollution phenom-
ena and the scenarios deriving from policy mea-
sures implementation, can use the DPSIR con-
ceptualisation as a concise and effective com-
munication interface.

In the present case study, parallel activities
have been conducted for analysing the effec-
tiveness of AESs, with a view to combine tra-
ditional methods based upon the nutrient bal-
ance sheets with participatory approaches to
elicit experts’ knowledge. Balance sheets may
provide quantitative empirical assessment of the
effectiveness in terms of relevance of the mea-
sures for the declared objectives of limiting the
discharge of nutrients in the Venice Lagoon.
They can also take into account the interaction
between farming practice and environmental
conditions and they can be weighted in terms
of uptake rate by farmers in the various parts
of the Venice Lagoon Watershed. In other
words, traditional methods can provide empiri-
cal assessments of the theoretical relevance of
criteria with respect to the stated policy objec-
tives, degree of uptake by farmers, and adequa-
cy of geographical targeting and distribution, ex-
cluding the other relevant criteria.

As for the results of the first part, which rep-
resent a useful communication framework also
for other approaches, the outcomes of the sec-
ond part (i.e. the participative MCA) can pro-
vide a framework for combining the outcomes
of more traditional approaches (e.g. balance
sheets) in a more comprehensive evaluation of
policy effectiveness. Different and more sophis-
ticated MCA decision rules could be considered
to replace the weighted sum procedure used for
this explorative application (e.g. other algo-
rithms which are not completely compensatory),
in case of application in an official evaluation
process.

Even though the organisation of the work-
shop and in particular the contacts with the par-
ticipants in order to ensure their participation
required remarkable efforts during a period of

approximately three weeks, we consider the
amount of work and the results achieved in a
half-day workshop quite remarkable.

The experience shows that in a situation of
application in the real world one should prefer-
ably extend the workshop duration to the ear-
ly afternoon, to allow more time for a series of
checks on the consistency of the collected data.
For instance, some experts provide answers that
are in contrast with the most common opinions.
In those cases the correct comprehension of the
evaluation method should be double checked.
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