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Abstract

The purpose of this paper is to offer a contribution to the study of integrated
assessment  procedures for evaluating the effectiveness of agri-environmenta  policy
drategies. While in the past the sudies in this context have typicaly concentrated on
the contents of methods in isolation, there is a growing trend towards methodologica
perspectives that support the linking of such methods. The focus here is on the
combination of discrete multicriteria  gpproaches used for handling quditative
information in a sequence of deps the regime method, the evamix method and rough-
st andyss. The firg two methods will be used to obtain a ranking of four dternative
scenarios of agri-environmental policies in a sdected area of dudy, in this case, Sicily.
The results obtained are discussed and re-analysed by using the rough-set gpproach as
a recent metaandyticd tool. Fndly, the andyss findings ae gpplied to an
investigation into the potentia effectiveness of agriculturd  policies in promoting
suganable rurd devdopment in Scly.
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L Sugtainable Land Use and Agriculture

Land use has become an important policy issue in the context of (globa)
sudtainable development. In the same vein dso the notion of sustainable agriculture has
become an important policy orientation in past years (see Hermanides and Nijkamp,
1998). The concern about environmentaly benign modes of land use and agriculture is
not only of locd or regiond importance, but highlights dso globd change issues and
threets imposed by climate change, deforedtation, desartification and the loss of
biodiversty in genera (see Meyer and Turner 11, 1994).

Land use increasngly has become a batle fidld of conflicting interests (see
Frederick and Rosenberg, 1994). Over the last centuries, a sgnificant and progressive
transformation of naturad aess into areas which support agricultura, urban, or
industrial functions has been observed. Apart from Europe, where both forests and
grasdands show a dight expanson, the overdl trend is towards a substantid loss of
naturd land in favour of cropland. The combined pressure of factors such as
population growth, food production, wood production, and land tenure arrangements
(Pearce, 1991) has influenced as much as forty per cent of the forests and grasdands of
some aress. This trend will continue in the future, as the demand for space and natura
resources will probably continue to rise. Irrigated land, cropland, rangeland and
pasture will increese in absolute terms, but ther avalability per capita will dso
decrease. Without countermeasures, this will necessarily lead to further pressure on
land, to an increesng load on the environmentd, and to an impoverishment of the
natural resources capitd. The negaive effects of land-use exploitation are manifested
in soil eroson, loss of habitats, increased vulnerability of the soil, a decrease in the
carying capacity of land, landscape modification and loss of naturd amenities (see
Beinat and Nijkamp, 1999).

Thus, it is dear that in our modem age land use is a source of much concern,
both localy and globaly. Externd factors and the limits to growth have become a new
focd point of economic research in the past few decades (with regard to both renewable
and non-renewable resources). In view of the long-term threats exerted by the (apparently)
inevitable and persstent changes in locd and globd environmental conditions, the mgor
policy chalenge is to avoid a “tragedy of the commons’ (Hardin, 1968). Againg this
background, land use and the spatid-environmenta aspects of the economy deserve more
attention from economists and scientists in generd. Land-use planning traditionaly has been
concerned with the solution of a fundamentd trade-off: conservation versus economic
exploitation (cf. Van Lier and Taylor, 1998). Consarvation refers to the preservation of
the naturd resources stock (eg. water, soil, air), of the biologicad sock (eg. the
conservation of the genetic pool), but dso the recreation of lost land (eg.
reforestation of fdlow land) and the rehabilitation of degraded land (eg. cleaning-up
contaminated Sites).

The relationship between conservation and sustainability is rather
graghtforward. Consarvation involves the prevention of disruptive developments and
the retracing of past developments in order to make environmental stock available for
future generations. The economic dimenson of land-use management, in contrad,
refers to the relationship between sustainability and a durable socio-economic system
(cf. Barbier, 1990).

Policies on sugtaindble development and land-use planning have increesngly
moved from a globa level to a meso approach (areal level or a sector intervention).
The introduction of the gspatid dimenson has dso permitted the development of




additionad sugtainability management concepts, such as strong and wesk sudtainability
(see van Pdt ,1993; Pearce and Turner, 1990).

Its multi-faceted feature attributes an integra economic value to land.
Consequently, the question whether some use of land leads to a sustainable outcome
depends not only on externd sugtainability criteria of land use (eg. land degradation
versus economic growth), but it is aso determined by internd sudtainability criteria
(e.g. agriculture versus tourism). Some of these trade-offs are of a long-range nature
and lead to inter-tempora trade-offs, adding a tempord dimension to land-use choices
(cf. PAmquist and Danielson, 1989).

The multi-functiondity and complexity of land use is a source of much ambiguity in
sugtainable policies. There is no uni-dimensiond denominator which can be used to assess
and evauate land-use changes and policies. Consequently, land-use planning requires an
“intellectud family” of approaches (Kooten, 1993), which combine the experience and
the drengths of many disciplines. In order to develop an appropriate methodology for
sudtainable land-use planning a a locd or regiond leve, a st of scientific research
methods and tools may be helpful. Examples are dynamic systems andyds, impact
andyss, economic and socid assessment, geogrgphic information systems, scenario
andyss, and multicriteria decison support (see for detals Giaoutzi and Nijkamp,
1994). The latter gpproach will be employed here as the mgor anaytica toal.

Multicriteria andyss (MCA) ams to evauae the outcome of dternatives and
possibly to choose certain best dternatives based on a set of multiple criteria. A basic
feature of land-use choices is that the effects and the information concerning spatia
decisons are multi-dimensond in nature. In addition, effects presented in the form of
monetary units, physicd units, or survey measurements, must be comparable within a
auitable methodology. To a large extent, multi-criteria andyss (Beinat and Nijkamp, 1998;
Beinat, 1997, Nijkamp et al, 1990) sarves to meet these requirements, because it
encapsulates an applicable andyticd framework and conflicting policy objectives. :

In this paper we will demondrate the ussfulness of MCA methods for sustainable
land use planning. After a presentation of some MCA techniques, we will present an Itaian
case study.

2. An Analytical Framework for Sustainable Land Use Planning

In order to develop an appropriate methodology for sustainable land use policy
evauation, two genera assessment methods will be concisdy discussed in Subsection
2. 1., viz. impact andyss and scenario anadlyss. Next, in Subsection 2.2 we will
introduce three multi-dimendona evaduaion methods viz. the regime method, the
evamix method, and rough-set andysis. They have assumed an increasingly important
role due to the importance of ther practicd applications in the fidd of operationd
sudanability polices These methods, manly gpplied separatdy until now, have
resulted in a series of andyses which are worthwhile exploring and applying to a
common case.

2.1 Assessment methods

Impact analysis is a scientific tool of andyss widdy used to assess the results
of policies or projects a different levels. It serves to andyse different types of impacts
on the rdevant subsysems of the sudanability objective (economic, socid and
environmental) and to offer a concise indicaion for the performance of each
dternative. It is generdly introduced into the planning procedure a a rather early




sage, before options and dternatives are narrowed down. Its flexibility permits us to
use severd types of andytical methods like econometrics modds, input-output models,
gmulaion and scenario methods, god achievement methods and quditaive decison
support models.

In our sudy, impact analysis will be applied to examine the effects caused by
EU agriculturd drategies concerning a sudainable devedopment a the loca leve of
the area andysed. In order to examine in a more operationa way the effects of
different development drategies, we may condruct a so-cdled impact matrix (see
Table 1). On the horizonta axis we lig the dternatives or the development drategies
under congderdion in the form of policy scenarios. On the vertical axis the rdevant
dements of our system represent the impacts of politica dSrategy on any policy
relevant atribute or criterion of the system. For example, entry Xia represents the
effects of policy devdopment drategy A on the first entry of the system.

Table 1. Impact matrix

Element/Effect Scenario A Scenario B Scenario N
Xy Xia Xis Xin

X2 XZA XZB X2N

X3 Xsa Xsp Xan

Xy XA X XN

In the framework of an assessment of the impacts on a system caused by a
given policy decison, two leves of information may be diginguished: hard information
and soft information. Hard information refers to data measured on cardind scde, while
soft information is used to denote quditative data (ordind or nominad scade). Often an
impact analyss includes both kinds of information (i.e, mixed).

In the evduaion of sudanability problems we frequently ded with quditaive
information. Essentidly there are two agpproaches to digest quditative informetion: the
direct approach where the quditative information is used directly in a quditative
evduaion method and the indirect approach in which quditaive information is firg
transformed into cardind data, whereupon one of the existing quantitative methods can
be used. Such a cardindisation is particularly useful in the case of available information
of a mixed type (both quditaive and quantitative).

Scenario analysis (Nijkamp, 1998) attempts to develop and judge a set of
hypothetical policy or development dterndatives for a compound and complex decison-
making system, in order to generale a rationd frame of reference for evauaing
different dternatives. By assessing the foreseesble and expectable impacts of various
selected future sStrategies (scenarios), we can identify a policy strategy which fulfils to a
maximum the am of a dedred or sustainable policy. Scenarios can assst decison-
makers in the:

o Sdection of proper policy solutions which produce robust results under varying

" conditions

o assessment of drategies to cope with thrests from particular natural and socio-
economic - conditions

o risk assessment of various uncertain future developments.




In order to evauate possble paths as a frame of reference for sustainable
agriculturd policies and to identify its impact on the future in the sdected area of study,
the assessment of qualitative scenarios based on the backcasting scenario approach is
utilised in our study. In the context of future-oriented studies, and in particular in the
dudy of complex sugtainability problems the backcasting scenario approach has
proved to be fruitful because it is based on trends that are likely to generate solutions
tha would presuppose the bresking of trends desrable for achieving environmenta
objectives. This gpproach should normaly consst of three parts (Nijkamp and Blass,
1994): a) an andysis of the current Situation; b) a design of a number of possble future
gtuations,

C) a destription of events that could turn the present dtate into future ones. Such
scenarios do not necessarily need to be redistic because they are used as a kind of game
- with the am of presenting a possible impact of policy options.

2.2 Evaluation  Methods
2.2.1 Introduction

Multicriteria decision support analysis isamethod of judging different policy
scenarios by means of explicitly formulated criteria. After the above steps have been
followed, we evduate the outcome of dternatives and sdlect the best dternative on the
bass of rdevant criteria. Multicriteria decison support analyss gppraises the effects of
each hypothetica scenario on al rdevant subsysems. The assumption here is that the
effectiveness of agriculturd policies in terms of promoting sustaingble development,
cahnot smply be measured in terms of an unidimensond choice criterion - in other
words, an overdl increase in income and employment. A review of recent literature
and of E.U. documents would suggest that the criteria used to judge policy success in
rurd areas should include three important dimensons of the agriculturd sugtainability
problem: economic, socid and environmenta. Undersanding the bdance of the
economic, socid and environmenta processes which shape the contemporary rurd
aress require, in fact, far more than a rigid agriculturd sector agpproach. As the
cgpcity to dimulate rurd development through a sectoral agriculturd policy is
extremdy limited, sgnificant change can only be brought aout by moving towards an
adjusted, more integrated rurd policy.

The advantage of utilisng these methods stems from the necessity to overcame
the limits of unidimensgond evduaion in dtuaions which present  unavoideble
ambiguity. In the debates about sustainable agricultura land-use, in fact, many choices
and decisond problems involve the evauation of impacts that are not only intangible
but adso incommensurable. For this reason they could not be messured with the
traditiona metric system. Also the potentid of quditaive discrete methods has a
concrete expresson in andysng a finite number of dternaive choices and of
information appraisds, and adopts both an ordind scade and a cadind scde
(quditative type). At the same time it dlows the use of mixed information, both
quditative and quantitative.

, To assess the effectiveness of agricultural policies in sustainable development,
we goplied fird, as ingruments of multicriteria andyss, the regime method and the
evamix method.
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2.2.2 Regime Analysis

The gpplication of the regime method dlows us to prioritise each dterndive
with regard to the criteria inserted into the mode. It involves two principa phases of
work:
a) condruction of the impact matrix for the purpose of individuaing the behaviour of
each dternative with respect to each criterion. A vaues scae of the type 1, 2, 3 is
usudly adopted:;
b) condruction of the regime matrix through the comparison between the aternatives
on the bads of the vaues presumed for each of them in the matrix of impact, In the
regime andyss, the Sgn of the differences between the impacts of the dternatives is
individuated by performing a par-wise comparison. When consdering two dternatives
i and 1I’, the sgn of the difference between these two dternatives according to the |
criterion could be described from the symbol 1y j , defined as follows:

rij =1 if pj > Py
'y =-1 if pij <P’

When the two dternatives are compared according to dl the criteria j= 1, J the regime
vector rii' is congtructed:

i’ = (rii’ 1, 6’2, hi* 3. . . .. rii’,J)

The above vector reflects a certain degree of pair-wise dominance in the choice
of option i with regpect to option i’ for the unweighted effect of al J judgement
criteria. Since there are | (I-) comparisons, we have | (I-]) regime vectors, so that
this procedure leads to a regime matrix with a number of lines equd to the number of
criteria (where the behaviour of the two dternatives regarding that criterion is
indicated) as wdl as a number of columns equa to the number of the possble
comparisons between the dternatives. The dominance of one dternative over another,
regarding the analysed criterig, is indicated by a podtive sign "+" or negative, "-". If
the comparison does not express dominance, the sign "x" is used. In order to evauate
the atractiveness of the i dterndive versus dterndtive i’, the following indicator is
generaly adopted:

J
wiir = 2 Aj rii'j
]

The indicator conditutes a linear combination of the weght vector and
indicates a preference among the various criteria, and of the regime vector that
corresponds to the pairs of consdered aternatives.

The information reldive to the weight vector is usudly ordind and the weights
are represented by means of a rank order in which hi >)j implies that criterion i is
regarded as more important than j. In order to treat this ordind information, it is
assumed tha the ordind weights are a representation of an unknown cardind
gochagtic weight vectorhc with max hi = 1, hi > 0.

The weght dominance of option i with respect to option i’ can 4ill be
described by usng the same indicator but is defined in terms of stochadtic weights:




J
Vi’ = 2 1ii’ j AC
i

in which a pogtive vaue for v;p> indicates that option i is preferred to option i'.

A cetan probability is then introduced in the event and an aggregate
probability measure is obtained for the event that option i is on average more highly-
vaued than any other dternative on the bass of the pair-wise comparison. A ranking
of options is determined by using the aggregate probability measure. This implies that
some assumptions can be made on the probability digribution function Ac. If no
prdiminay information is avalable a uniform dengty function is chosen (Random
sampling method). The regime method then dlows us to individuae the pertinent
subsets of the n-dimensond Smplex representing dl the admissble weights by means
of an appropriate agorithm.

Once the probability of occurrence of each subset is evaluated, the last step of
the regime andyss gives the dedred find ranking of dterndives expressed by a
frequency matrix whose generic ement Fik represents the probability that aternative i

has rank number k for al i and k.

2.2.3 The Evamix Method

The evamix approach is another method designed to deal with impact matrix E
with ements ¢;;, where i(i=1, . . .,I) represent an dternative and j (=1, . . . ,J) mixed
information an evauation criterion. The st of criteria can be divided in two subsets
denoted as 0 and C, containing respectively criterion score having ordind vaue and
criteria that can be assessed on a cardind measurement scale:

O= {j| ] takes ordina value}
and
C= {j| j takes cardind vaue}
The difference between the two dternatives can be expressed by means of two
dominance measures. a dominance scores q; for the ordind criteria and b, for the

cardind criteria. These scores represent the degree to which dternative i dominaes
dternative 1 ’. They have the following structure:

a, =f (ei,-, €ij>, Wj) for dl jEO
b,—, =g (e;,-, €ij°, Wj) fordl ]EC

where g;; the criterion score of criterion;j and dterndive i and w, the weight attached to

criterion j. The two functions f and g differ because the e; vaiables have different
metric characteristics. The two dominance measures can be expressed as follows:

a,~,-v=[{wj Sgn (eﬂ- eﬁ')}c]llc, c= 1,3,5
b [{w; SN (e;; - eji)}c]l/c, c=13,5

where




+1 if i ~ €
0n (ej, - ej-,-) = Oif €i = &’
-1if € < &ir

The symbol ¢ in the formula denotes an arbitrary scaling parameter, for which
any podtive paameter may be chosen. The larger ¢ is , the less influence will the
difference between the dternatives based on minor criteria have on the vaue of the
qualitative dominance measure (Voogd, 1982).

The methods require quantitative weights but can be used in combination with
any of the methods deding with ordina priority information (Janssen, 1991). As a;
and b; will have different measure units, a dandardisgtion into the same unit is
necessary, because otherwise no comparison can be made between the two outcomes
(Nijkamp,1990). A totd dominance measure is caculated as the weighted sum of the
quaitative and quantitative dominance scores.

2.3 A Multidimensional Classification Method: Rough-set Analysis
23.1 Introduction
Rough-set theory, which was proposed by Pawlak in the early 1980s, provides
a useful ingrument for decison gStuation andyss in the presence of vagueness of a
decison maker's preferences caused by the granularity of the preferentid information
(Pawlak, 199 1).
In rough-set theory knowledge is understood as an ability to classfy objects
(states, events, process €fc.), i.e. it is assumed that knowledge is identified as a family
of various classfication patterns. Objects belonging to the same class are indiscernible
by means of knowledge provided by dassfication, and congtitute eementary building
blocks (atoms, granules) which are employed to define al basic concepts used in
rough-set theory. The fundamental concepts of the proposed theory of knowledge are
classifications and categories. Categories are features (i.e. subsets) of objects which
can be expressed by usng knowledge available in a given knowledge base. Certainly
some categories can be defingble in one knowledge base but are non-definable in
another. Thus, if a category is non-definable in a given knowledge base, the problem is
whether it can be defined ‘gpproximaey’ in the knowledge base. The concept of
vague categories is the centrd point of this goproach. Through the use of rough-set
methodology we can obtain the following results on preferentid information:
a) evadudion of the importance of particular criteria
b) congtruction of a reduced subset of independent criteria having the same ability to
approximate the decision as the whole set
c) intersection of the reduced subset giving a core of criteria which cannot be
diminated without disurbing the ability to gpproximeate the decison;
d) dimination of redundant criteria from the decison table
€) geneaton of the sorting rules (deterministic or not) from the reduced decision
table that involves only the rdlevant criteria; they explain a decison policy and may
be used for sorting new objects.

In order to discuss rough-set theory, some basic concepts will be described.
2.3.2 Information System

The information sysem consss of a finite st of objects (U), a set of
characterigtics or atributes (Q) with which these data can be described, a domain (V)




of these atributes and findly, an information function which permits the classfication
of data and therr attribute to a given domain f (x,q)—V such tha fix,q)e V, for every
qeQ and xeU. Hence, an information system can be expressed as 4-tuple S= <U, Q,
v, f>

The information system is represented in a finite data table in which rows
correspond to objects and columns correspond to attributes. To each par (object,
atributes) there is assgned a vaue cdled descriptor. Each row of the table contains
decriptors  representing  information about the corresponding object of a given
decison gtuation. In generd, the set of attributes is then partitioned into two subsets.
condition attributes and decision attributes. The information sysem is dso cdled
knowledge information system.

2.3.3 Indiscernibility Reation

The observation that objects may be indiscernible in terms of descriptor is the
dating point for rough-sst methodology. Let S= <U, Q, V, f > and Pc Q. Two
objects X, y € U are sad to be indiscernible by means of the set of attributes if and only
if they have the same description. Because the st theoreticd intersection of
equivaence relations is dso an equivaence rdation, the resulting family of equivalence
classes (partition) can be viewed as a P_family of elementary set (atoms, granules).

We will say that X is P-definable, if X is the union of the basic categories,
otherwise X is P-indefindble. The P-definable set are those objects of the universe
which can be exactly defined by knowledge base K (P-exact set), and P-indefinable set
cannot be defined in this knowledge base (P-inexact or Rough).

2.3.4 Approximation of Sets

The indiscernibility of objects by means of condition attributes generdly
prevents their precise assgnment of a st following from a partition generated by
decison attributes. In this case the only sets which can be characterised precisdy in
terms of the classes of indiscernible objects are the PL lower and the PU upper
approximation. These are numbers from an interval [0, 1] which define exactly how
one can describe the examined st of objects usng available information.

The lower approximation is the union of dl dementary sets which are induded
in X, whereas the upper approximation is the union of dl dementary sets which have a
non-empty intersection. Hence, these gpproximations correspond, respectively, to a
minimd sat induding objects surely bdonging to X, and to a minima set which
possibly belongs to X.

The difference between the lower and the upper gpproximétion is a boundary
set (doubtful region of clasdfication) condgting of al objects which cannot be
classfied with certainty to x or to its complements.

BNp (X)= PUX - PLX

We can imagine the indiscernibility relation (assumed here to be an equivaence
relation to define a grid that we use to overlay our universe U, with each
indiscernibility set (equivdence dass) being displayed as a square in the grid. The grid
forms our gpproximation space. The subset of objects Xc U that we want to
goproximate is drawn as the line tha crosses the pixel boundaries and cannot be
defined crigoy within our approximation space.




an equivalence class
lower  approximation
_ ) rough-set
1Y upper  approximation

Figure 1. lllugtration of a rough set

The inaccuracy of a st (category) is due to the existence of the borderline
region. We define two measures to describe inaccuracy of gpproximeate classfications:
the accuracy and the quality of the dassfication.

If the borderline region of a set is greater, the accuracy of a set is lower. In
order to express this idea, the accuracy coefficient can be introduced, i.e. a numerica
characterisation of imprecison:

cardP, X
*PX)= cardR, X

The accuracy of the measures aRr(X) is intended to capture the degree of
completeness of our knowledge about set X. Obvioudy, 0< ap (X) <1 ;if ap(X) = 1,
the P-borderline region is empty and the st X is P-definable; if ap(X)<1 the set X has
some non-empty R-borderline region and consequently is P-indefinable.

The accuracy coefficient expresses the sze of the boundary of the region of the
s, but says nothing about the structure of the boundary. Whereas the classfication of
information gives no information about the sze of the boundary region, it provides us
with some indght into how ‘the boundary region is sructured. Knowing the accuracy
of a set dill does not tell us its precise topologica sructure.

In a practical gpplication of rough-set theory we combine two kinds of
information about a borderline region: the accuracy measures and the information
about the topologicd classfication of the set under scrutiny.

2.3.5 Approximation of the Classfications

Let Y = (Y1, Y1 Y2 -.Yn) beapatition of Uin S and P C Q. The subset Y;
(j=1.. - n) are classes of Y. The P-lower and the P-upper approximation of classification
Y ae respectively PLY={ PLY1, PLY2 ..  PLYntand PUY={ PUYI, PUY2, . .
PUYn} . BNp=PUY - PLY is cdled P-boundary of Y. We define two measures to

describe the inaccuracy of approximate classfications
- the accuracy of classficaion :
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icard(PLYj)
ap(V)= 4

n

> card(P,Y,)

Jj=l

- the quality of dassification:

anrd(PLY;.)

YY(Y) == card(U)

that expresses the percentage of al P-correctly classified objects to al objects in the
sysem.

2.3.6 Reduction of Attributes

In the reduction of knowledge, another basic role is undertaken by two
fundamental concepts, a reduct and a core. A reduct is its essentid part, which
aufficiently defines dl basc concepts occurring in the consdered knowledge. The
reduct is the minima subset of knowledge that provides the same qudity of
classfication of objects to dementary categories of knowledge. The minima subsst R
cPcQ such that yR(y) iscdled y- reduct of P (or smply reduct). y- reduct of Q isdso
cdled minima st or subset in S, Reducing conssts of the removad of superfluous
partitions (equivalence relation) and/or superfluous basic categories in the knowledge
bases in such a way tha the set of dementary categories in the knowledge bases is
preserved. This procedure permits us to diminate al unnecessary knowledge bases and
preserve only the knowledge which is redly useful.

It must be noted that knowledge can have more than one reduct. Knowledge
with only one reduct is, in a sense, determinidtic, i.e. there is only one way of using
edementary categories of knowledge when cdassfying objects into an dementary
category of knowledge. In the event of non deterministic knowledge, i.e. where there
are many reducts, there are generdly many ways of using dementary categories when
classfying objects into eementary categories. This non-determinism is particularly
grong if the core knowledge is empty. The core, is in a cetan sense, its most
important part. The use of the concept of the core is twofold. Firdly, it can be used as
the basis for computation of dl the reducts and its computation is straightforward. In
the second place, the core can be interpreted as the most characteristic part of the
knowledge that cannot be diminated without disturbing the ability to dassfy objects of
elementary categories.

2.3.7 Decison Table

An information system can be seen as a decison table DT assuming that Q=Cu
D and CnD=0, where C is a s&t of condition attributes and D is a set of decision
atributes. Decision table DT= < U, CuD V f > is deeminigtic (consstent or certain)
if C-»D or nondeerminisic (inconssent or posshle). The deeminigic table
uniquely describes the decison to be made when some conditions are satisfied. In the
case of a non-determinigtic table, decisons are not uniquely determined by conditions.
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From a decision table, a set of decision rules can be derived. If U | IND(C) is a
family of C-dementary set called condition classes in DT denoted by Xi (i=l ... k) and
U | IND(D) a family of al D-dementary sets caled decison classes in DT denoted Yj
g=1...,n), Desc(X1)=Desp(Yj) is caled (C,D) decison rule. The rules are logicd
statements (if.. .then) which represent the rdationship between the description of
objects and thelr assgnment to paticular classes. The st of decison rules for al
decison classss is cdled a decison dgorithm.

The dgorithm may dso be used for classfication of new objects. It must be
noted that not dl decison rules are equdly important or reliable. Some rules are built
by usng information about a greater number of objects. This difference in importance
in derived rules can be described by an additional parameter for each rule. This
parameter, cdled ‘strength’ of the rule, is expressed by the numbers of objects in the
information system supporting the consdered decison rule and has a paticular
interpretation for non-determinigtic rules. In these rules, decisons are not uniquely
determined by conditions, so that parameters describe each possible assgnment.

When cdlassfying a new object it may be that there is no decison rule consstent
with the description of the classfied object by the condition attributes. In this case the
concept of ‘nearest’ rules can be employed. The nearest rules are rules that are close to
the descriptions of the considered objects.

2. A Case Study on Land Usein Sicily

The application of an integrated assessment methodology is verified in
evduating dternative scenarios of EU  agro-environmentd policy in an aea of
particular interest from an agriculturd and environmental point of view (Nebrodi Park)
gtuaed in Sdly.

The area of the park is subdivided into four specific zones with different levels
of protection according to the degree of the ecosystem’s anthrophisation, the modality
of management and the admitted activity. Zone A (integra reserve) has a totd of
24,540 hectare (28,7 % of the totd area delimited); zone B (genera reserve) is 44,870
hectare (52,4%) and is comprised of meaningful woodland systems, the pastures insde
or near the woods, wetlands, and reevant mountains. Zones C and D (protection and
control), respectively 578 hectare (0,7%) and 1349 hectare ( 15,8%) present a high
degree of anthropisation, but at the same time they are dso suitable for economic
activity that contributes to a baanced socio-economic development, and have a
remarkably high nature vaue.

The Nebrodi area is characterised by infertile land, which is mainly used for
livesock farming, low productivity of the naurd environment, which generates
economic results below the national average, and a low population density, or even a
tendency towards a dwindling population, predominantly dependent on agricultura
activity.

The dominant form of production is catle faming in the mountan and
medium-high hilly areas. The other mgor agriculturd activity is the cultivation of
hazel, which has particular importance from an environmentd and productive point of
view.

In the Nebrodi Pak, fam activities are essentidly performed by the family
work force, rather than paid workers. Employment is characterised as multi-activity,
snce both sructurd weskness and limited opportunities resulting from a traditiond

12




family-based production system, oblige famers to redy on dternaive sources of
income,

Following the ‘Agriculturdl Strategy Peper” (E.U. Commission, 1997), the
range of hypotheticdl options for an integrated agricultura policy can fdl into four
main caegories

S1 - Business as usual: this is a scenario based on the maintenance of existing
agriculturd production methods. This option rationalises agrarian dructures as much
as possble to dlow for an increase in agriculturad productivity and a rise in agricultura
income. It is based on EC Reg.2328/91 regarding the improvement of agriculturd
dructures. Even if little atention is given towards ecologicd vaue or landscepe
patterns, this regulation does finance farm investments designed to protect the natura
environment. EC Reg.2328/91 incorporates the regime of compensatory alowances
for farmers in less favoured aress, established by Directive 75/268 EC. This regime
covers mountain aress, areas with a risk of depopulation where it is necessary to
ensure the maintenance of natural space and areas of smdl sze where the continuation
of agriculturd activities is necessary to presarve the environment. This scenario, which
ensures continuation of farming and encourages the maintenance of a cultivated
landscape, may have beneficid effects on the environment.

S 2 = Opportunity seeking: this scenario emphasises the environmenta
dimenson of agriculture, so that it is oriented towards a ‘farming sysem’ which is
environmentaly friendly rather than specificaly amed a defined wildlife conservation
objectives. This means that a number of requirements compatible with the environment
are outlined. The conservation objectives are subsumed under the agricultura systems
specified in management prescriptions that st a minimum qudification standard.
Therefore, most important are the agricultura production methods which are designed
to reduce the negative effects on the environment and sSmultaneoudy ensure an
adequate income. Following the logic of the 1992 Mac Sharry reform, this scenario
will implement the so-cdled Accompanying messures based on the principle of
decoupling. This involves the separation between market price, which would move
towards the internationd market, and income support, through the compensation of
directly supporting farm incomes. It is gpplied mainly through EC Regulation 2078/92,
which provides compensation for farmers who make a commitment — genedly five
years — to practise more environmenta-friendly agricultura production methods and
less intengve agriculture. The objective of the regulation is twofold: @ to combine
beneficid effects on the environment with a reduction of surplus production, and b) to
compensate the farmers directly for income loss and/or high codts triggered by the
adoption of environmentally senstive production methods. The core of the agri-
environmenta regulation is an ad scheme condging of a lig of undertakings which
famers can make in return for annud payments. These include reduction in use of
fertiliser and pedticides, extending or converting to organic production methods,
traditiond extensve system and rare breeds, countrysde management, including the
management of abandoned famland and woodland, long term training and advisory
Per-vices.

S 3. Ecological: this is a scenario in which gtrong limitations are placed on the
agrarian dructure in order to promote and enhance wildlife conservation interests. A
goecid feature of this scenario is the preservaion of origind vegetation. Highly
polluting forms of agriculturd ae therefore to be avoided. There are dgnificant
possibilities for linking various forms of direct regulaion to environmentdly sengtive
land management practices such as zoning, sandards and licensng. Protection of
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landscape and wildlife percelved to be threatened by either farming or neglect arising
from week economic conditions of the loca farming system, are prioritised. Given that
uplands and marginad grazing lands are vulnerable to eroson and habitat, this scenario
provides a means of gmultaneoudy achieving economic viability for samdl fams and
consarving sengtive land aress

S 4 - Market oriented: this is a scenario oriented towards the liberdisation of
the agricultura market. It could be seen as a consequence of the latest agriculture
agreement of the GATT-WTO. This implies a reduction of price support and
compensation for farmers, where necessary, by direct payments. It would involve the
reduction of the price support to world market levels, income compensation (partid or
tota through direct payments), abolition of quotas, supply management measures and
payments for environmenta sarvices manly on a naiond bass. Compensatory
payments are meant to compensate farmers for sSgnificant price support cuts. This
would lead to a clear distinction between market policy and income support. It could
be less digorting from an economic vantage point, by increasing the market orientation
of the productive sectors, and help make them more competitive. This dtrategy
towards more open markets and competition separates market policy and income
support, thus reducing the gap between its interna price leve and world market prices
for a number of key products. It could be a useful way to integrate agricultural market
policies. Where interna price levels are above world market prices, the risk of
dimulating the production of surplus and the consequences for the environment are
higher.

4, Results of the Regime and the Evamix M ethods

4.1 Introduction

The darting point of the evduation andyss is the cregtion of the effect table
which shows for al agriculturad policy aternatives the foreseesble effects on a st of
relevant policy criteria. Thus, we have used a two-stage evauation procedure. In a first
gep a set of latent vaiable has been identified in order to characterise the three
important aspects related to the economic, socid and environmental dimension of the
sugtainable policies. Next, for each latent varidble a set of observable indicators has
been specified.

The evauation scores of each CAP scenario on each indicator selected are
presented in Table 2. A quditaive ordind scae, indicating the degree of impact in the
four scenarios selected (going from a high senstivity 1 to a very low sengtivity 5).

The table shows dso that the number of economic indicators is higher in
respect to the socid and environmentd indicators, so we made an attempt to reduce
the economic data set to a limited but representative subset. In this context the
application of the regime method has proven to be a helpful tool of andyss As the
firsd step we then carried out a regime andyss for each individua man criterion of the
economic level. Next we repested this procedure for al the criteria together in order to
obtain the find ranking of the four scenarios for dl 12 criteria (Table 3). The
intermediate results of dl pair-wise comparisons of the dternatives are shown in Table
4. The scores in this table indicate the probability that - given the initid ordind
information - the dternative concerned is a dominant one. Table 5 shows on the left
the ordina weights and on the right the ranking scores of the dternative. In order to
veify if the same results are obtained adopting different method of evauation weight,
the par-wise comparison was adopted (Table 7). This method, dso known as
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Andyticd Hierarchy Process (AHP), dlows to sdect the most important of each par
of criteria and subsequently to determine to what extent the first criterion is more
important than the other . The method converts this comparison of al pairs of criteria

to quantitative weights for dl criteria

In order to test the results obtained from the regime method, we adopted the
evamix method and as it requires quantitative weights, we determined them again. The
pair-ware comparison (Table 9) and Expected value method (Table 10) were applied.

Table 2. Ordinal impact matrix for CAP scenarios

Alternatives

I ndicators selected Business | Opportunity { Ecological | Market

as Usual | Seeking Oriented
A. ECONOMIC:
1.General & structural:
a) Average income of agricultural activity 3 2 4 3
b) Number of farms 3 3 4 4
¢) Farm size 3 2 2 2
2Type of tenure (tenant):
d) Number of market-based farms 3 3 3 2
¢) Number of family farms (employing family labour) 3 4 4 4
3Production increase
f) Production of cereal 3 4 4 5
g) Production of meat 2 4 4 5
h) Production of permanent crop 2 2 3 3
4Agricultural Area in Use (AA)
i) Permanent pasture and meadows 3 2 3 4
1)12 arable land 3 2 4 3
m) Permanent crops 3 2 4 3
B. SOCIAL:
5. Total population 3 3 3 4
6. Employment in primary sector as %o of fotal employecs 4 4 5 5
7. Increase in labour requirement 3 1 1 3
8. Access to the amenities 2 2 1 3
C. ENVIRONMENTAL:
9. Management of abandoned areas 4 2 3 5
10. Forest_area 3 2 1 3
11. Wetland 3 2 1 4
12. Flora and fauna 3 3 ! 4
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Table 3. Reduced impact matrix using the regime method for the economic indicators

Alternatives

Indicators  selected Business | Opportunity | Ecological | Market

As Usual | Seeking oriented
A. ECONOMIC
1. General & structural: 0.667 1.000 0.333 0.000
2. Type of tenure (tenant): 0.667 0.167 0.167 1.000
3. Production increase 1.000 0.667 0.333 0.000
4. Agricultural Area in Use (AA) 0.667 1.000 0.056 0.667
B. SOCIAL:
5. Total population 3 3 3 4
6 . Employment in primary sectoras %oof tot. employecs 4 4 5 5
7. Increase in labour requirement 3 1 1 3
8. Access to the amenities 2 2 1 3
C. ENVIRONMENTAL.:
9. Management of abandoned areas 4 2 3 5
10. Forest area 3 2 1 3
11. Wetland 3 2 1 4
12. Flora and fauna 3 3 1 4

Table 4. Probahilities resulting from regime methods (rank order)

Business as usual [Opportunity Seeking | Ecological Market Oriented
Business as Usual 0.00 0.00 1.00 1.00
Opportunity  seeking 1.00 0.00 1.00 1.00
Ecological 0.00 0.00 0.00 1.00
Market Oriented 0.00 0.00 0.00 0.00
Table 5. Regime method with rank orders
Weights Ranking
Ranking
1. Genera & dructurd: Ranking probabilities
2. Type of tenure (tenant): 1. Opportunity  seeking 1.00
3. Production increase 2. Business as usua 0.67
4. Agricultural Area in Use (AA) 3. Ecological 0.33
5. Total population 4. Market oriented 0.00
6. Employment in primary sector as %o of total empl.oyees
7. Increase in labour requirement
8. Access to the amenities
9. Management of abandoned areas
10. Forest area
11. Wetland
12. Flora and fauna
Table 6. Probabilities resulting from regime methods (pairware comparison)
Business as Usua | Opportunity Ecological Market
Oriented
Business as usua 0.00 0.00 1.00 1.00
Opportunity  seeking 1.00 0.00 1.00 1.00
Ecological 0.00 0.00 0.00 1.00
Market oriented 0.00 0.00 0.00 0.00




Table 7. Regime method with pairware comparison

Weights Ranking
Ranking
1. Generd & dtructurd: Ranking probabilities
2. Employment in primary sector as %o of total employees 1. Opportunity seeking ~ 1.00
3. Agriculturd Area in Use (AA) 2. Business as usua 0.67
4. Production increase 3. Ecological 0.33
5. Totd population 4. Market oriented 0.00
6. Forest area
7. Management of abandoned areas
8. Type of tenure (tenant)
9. Increase in labour requirement

10. Access to the amenities
11. FHora and fauna
12. Wetland

Table 8. Total dominance resulting from evamix method with pairware comparison

Business as usual Opportunity Seeking| Ecological Market oriented

Business as Usua 0.00 - 007 0.04 0.09
Opportunity Seeking 0.07 0.00 0.10 0.14
Ecologica - 004 -0.10 0.00 0.03
Market oriented - 009 -0.14 - 003 0.00
Table 9. Evamix method with pairware comparison

Weights Scores Ranking
Ranking
1. Generd & structural: 0.264 ranking probabilities
2. inprimary sector as Yo aftotal employees 0.142 -1. Opportunity seeking  0.32
3. Agricultural Area in Use (AA) 0.124 2. Business as usual 0.06
4. Production increase 0.122 3. Ecological -0.11
5. Totd population 0.111 4. Market oriented - 026
6. Forest area 0.064
7. Management of abandoned areas 0.048
8. Type of tenure (tenant) 0.048
9. Increase in labour requirement 0.034
10. Access to the amenities 0.015
11. Hora and fauna 0.014
12. Wetland 0.012
Table 10. Evamix method with expected value method

Weights Scores Ranking
ranking
1. Genera & structurd: 0.259 ranking probabilities
2. Employment in primary sector as Yoof total employees 0175 1. Opportunity seeking  0.31
3. Agricultural Area in Use (AA) 0.134 2. Business as usua 0.08
4. Production increase 0.106 3. Ecologica - 012
3. Tota population 0.085 4. Market oriented « 028
6. Forest area 0.068
7. Management of abandoned areas 0.054
8. Type of tenure (tenant) 0.043
9. Increase in labour requirement 0.032
10. Access to the amenities 0.023
11. Hora and fauna 0.015
12. Wetland 0.007
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Table 11. Comparison of the rank between the two methods

Business as Usual | Opportunity  seeking | Ecological Market Oriented
Regime 2.00 1.00 3.00 4.00
Evamix 2.00 1.00 3.00 4.00
4.2 Ranking

From the andyss of the reaults, it is possble to observe that the comparison
between the probabilities of the ranking of the adternatives usng two different MCA
and different techniques of assgnments of weights, cannot be consdered as sgnificant.

As shown in Table 11, the opportunity seeking option has a high ranking. This
option certainly has the advantage that it would favour a continuation of the policy
begun with the 1992 Mac Sharry reform, which introduced the so-called accompanying
measures. These results aso seem coherent with the main orientation of the EU
document ‘Agriculturd Strategy Paper’ that suggests a ‘Developing 1992 approach.
The results dso match the suggestions contained in the recent GATT-WTO agreement
of Marrakesh where the environmenta support measures are included in the green box.

The high peformance of this scenario is furthermore linked to the uncertain
nature of the messures foreseen in the 2078/92 E.U. regulaion on which it is based.
On one hand, the premium in favour of the farmers who adopted this incentive scheme
is in relation to the loss of income derived from the adoption of environmentaly
friendly methods. On the other hand, the level of compensation is established on the
Studion productive standard, and identified on a regiond bass ingdead of gpecific
production Stuations. Since the loss of income can be different from case to case,
entrants can be overcompensated, in that they may enter the scheme a a lower
payment level. Recent studies on the effect of the compensation regime, as introduced
in the 1992 PAC reforms, showed it can increase the income of the farmers in reation
to the structure of the cost and the productive drategies adopted on the farms. The
adheson to the compensation scheme in reaion to the change of the production
methods can be an advantage for the areas characterised by extensve agriculturd
production. In particular, through flat standard compensations, farmers who aready
use extensve faming methods can obtan payments for the maintenance of the
condition of production. In this case the standard compensation can be an additional
payment for the farmers who adopt extensve farming techniques compatible with the
requirements of the environment in the absence of regulatory messures.

The business as usual scenario is a less attractive scenario for our case study.
The results show some wesknesses and an internd inconsstency of the EU dructurd
policy. One weakness is due to the presence of severa schemes that operate in the
same area (LFA, 5b programs the LEADER program). If the schemes overwhem and
mitigate the effects of the dominant market policies rather than of territorid bases, they
could in some cases be complementary between the programs, but in other cases could
generate a duplication, thus causng complexity and confuson. Not only may
modernisation actions increase production but they may adso encourage the extension
of faming into fragile areas in a manner which is capitd intengve and environmentaly
damaging. The dructurd development policies, especidly the invesment ads in line
with the objective to improve productivity and raise living standards, can threaten the
environment when they occur in environmentaly fragile aress.
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The environmental scenario does not appear to be a plausible choice for this
aea. The low probability emergent from the results indicates a policy Strategy mainly
based on protection and conservation of habitat, and landscape could be inadequate.
Where the objective of this policy is less demanding in terms of a decrease in
agriculturd production and maintaining good levels of employment, the conservationd
efficiency of the environmenta instruments may be more acceptable.

Although current pressure towards more liberd trade policy is prevdent, a
market oriented scenario does not seem to be a good choice in this context. Despite
some authors who argue that free trade is favourable to economic growth, and that it
will increese incomes and hence the demand for protection and enhancement of the
environment, our results show that this option could compete with sudtanable
development in poorer areas and put pressure on natural resources. As a smal area
with an economy largely based upon local resources, it is likdy that the actors within
this context will continue to favour a supported agricultural policy. Without
compensation for the reduced revenue from a libera trade policy, it can be supposed
that direct agriculturad employment will decrease.

4.3  The Application of Rough-set Analysis
The results of the regime andyss presented a@ove show some plausble
impacts of the sdlected scenarios in our area of study. Now we are interested to know
how these results can be transferred to other stuations. Rough-set theory alows us to
individuate some characteridtics that are not dways easy to find, particulaly when we
ae coping with a quditaive technique of andyss which is characterised by the
absence of precise information. The implementation of rough-st andyss has
proceeded in three successive steps:
« achoice of the information contained in Table 3, which has been anaysed
« a dasdficdion of this origind information: al objects (in this case, the scenarios)
subdivided into separate classes, according to the results obtained from the regime
andyds
e an invedigaion of the obtaned information sysem by cdculaing reducts of
atributes and gpplying the minima decison adgorithm.

The following table shows the information that is known about the area of study we
have consdered.

Table 14. Condition atributes (1-12) and decision attributes ()
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. The question now is whether dl information contained in the Table is necessary
for a conggent decison dgorithm. In rough-st andyss a decison agorithm can be
reduced without decreasing its degree of consstency. A decison agorithm which does
not contain redundant information is cdled a minimal decision algorithm. The results
obtained usng rough-set andyss, and in particular, the reduction attributes and the
decison dgorithm, have great practical importance for our case study. The decison
dgorithm in fact shows the importance of usng a minimum number of decisgon rules
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and/or attributes appearing in dl decigon rules so that the decison dgorithm is more
reedable than the origind information sysem. In addition, these results represent
knowledge gained by the decison-maker in al cases from his experience recorded in
the information system.

The method has been implemented in a computer program RoughDAS by
Sowinky and Stefanowsky (1990) that performs al man steps of the rough-set
approach. This software has been used to identify the reducts of the condition
atributes and to derive minima decison agorithms.

Table 16. Lower and upper approximation of the classification

Class 1 lower approximation; 1 object Class 2 lower approximation: ] object
Objects: 2 objects: 1
upper approximation: 1 object upper approximation: 1 object
objects: 2 objects: 1
accuracy: 1.0000 accuracy: 1.0000
Class 3 lower approximation; 1 object Class 4 lower approximation: 1 object
Objects. 3 objects: 4
upper approximation; 1 object upper approximation: 1 object
objects: 3 objects. 4
acurary. 1 .0000 accuracy:  1.0000

Accuracy of the classification: 1.000
Quaity of the classfication: 1.000

The reduction mentioned in the lower part of Table 16 reveds tha there is
some redundant information, because there are 21 different reducts of condition
atributes. Each reduct forms the bads for a conddent decison dgorithm. The
relatively large number is plausble, however, as the number of condition atributes is
rather high compared to the number of objects. The Table dso shows that some
condition atributes are more important than others.

Table 16. Reducts of condition attributes and frequency of attributes in reducts

Attributes Reducts of condition attributes

1. Genera and structura {11},{10,12},{9},{7,12},{4,12},{3},{2,12},

2. Type of tenure {1},{8,10},{6,10}, {5,10},{4,10},{2,10},{7,8},
3. Production increase {4,8},{2,8},{6,7},{4,7}3.{4,5},{2,6},{2.,4}.

4. Agriculturdl area in use

5. Totd population

6. Employment in primary sector

7. Increase in labour requirement

8. Access to amenities

9. Management of abandoned areas
10. Forest area

11. Wetland

12. Flora and fauna

We have focused on the decison dgorithms that are able to generae
statements about the classfication of the sdected scenarios. This means that we have
to identify decison adgorithms in the form of logica Statements of an ‘if-then’ nature.
So from the 21 reducts we have sdected reducts that can be used to predict an
unknown classification of the scenarios. It should be noted that dmost dl the reducts
containing the attribute ‘Forest area, ‘Type of tenure and ‘Agriculturd area in use
have the higher score. The presence of reducts congtituted by two variables means that
it is impossble to desgn a conggent decison dgorithm in which one dtribute is
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considered without including the other one. Consequently, a subset of reducts has been
isolated in order to consder the atributes that present the higher frequency. It should
adso be noted that the sorting rules of dl these decison dgorithms are determinigtic
and contain the attributes with the highest frequency.

Decision algorithm |

rule#1 ifal0=2thend=1
rue#2:ifaB=2andal0=3thend=2
rule#3:ifa8 =5 then d =3

rule#4 :ifa8=3 thend=4

Decision algorithm 2

rule # 1: if a4 = 2then d=1

rue# 2: if 4 =3 and & =3 then d =2
rule #3: ifad=4thend=3

rule # 4 if & = 4 then d = 4scenario

Decision algorithm 3

rue# 1. ifal0 =2, thend =1

rule# 2. ifa=4andal0=3,thend=2
rue# 3. if al0=1thend =3

rue# 4. if ad6=5Sandal0=3thend =4

The application of the rough-set gpproach shows how knowledge about the
impact of agricultura policy scenarios can be andysed and reduced. The man
problems were to reduce the origind knowledge in such a way tha the decison (the
scenaio suitable for the case dudy) can be made usng a minima sat of condition
atributes. All the reducts sdected have generated deterministic rules.

By andysing, for example, the reduct which forms the bass for the minimal
decision algorithm 2, we see that it contains the attributes ‘Agricultura area in use
and ‘Total populaion’. According to the decison rules, we can suppose that if in a
protected area the ‘Agricultural area in use has a high score, the scenario ‘business as
usud’ has an high probability for being suitable because it offers good opportunity for
the improvement of agriculturd sructures. If ‘Employment in primary sector’ and
‘Forest area are conddered together and they have intermediate scores, then the
scenario ‘opportunity seeking' is likely to be more appropriate, because it is based on a
compensation sysem for logt income derived from adopting environmentaly friendly
methods. If we congder in the decison agorithm only the attribute ‘Forest ared with
a high score, then we can sdect the environmental scenario since it has conservation
objectives. Findly, if the attribute ‘Employment in primary sector’ has a very low score
and is associated with ‘Forest ared, and has an intermediate score, we can Suppose
that the scenario fals into ‘market oriented’, since it competes with the sustainable
-development of poor areas especidly from a socid point of view.

5. Conclusions
In this paper a methodology is presented to evaduate the effectiveness of

agricultural policies in promoting sustainable rurd development in a representative area
of sudy in the south of Italy.
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The tools of andyss described aove have shown themselves to be suitable for
predicting the effects of agricultura policies and for anticipating the consequences of
the different policies by consdering a multilevel Strategy.

The integrated methodology presented has permitted us to develop a procedure
for exploring the data obtained in a primary analysis, to evauate the ranking of the
dternatives sdlected, and in a secondary analysis, that is a re-andyss of data that has
aready been used and has been conducted, to reaffirm answers to the question raised
in the regime andyss as wel as to atempt to answer possble new questions. In
particular, rough-set theory in this contest has been conddered as a tool to support
knowledge accumulation and to improve the efficiency of the research.
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