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Abstract

This study adopts a twofold methodological approtxlassessing the suitability of olive
plantations in mountainous areas for wildlife habitrestoration. Embedding expert
judgements through an Analytic Hierarchy Proces$iRA about the effect of specific
elements of the landscape on ecological diverstynits the most suitable agricultural areas
to be selected by means of Geographical Informa@gstems (GIS). The case study is the
olive (Olea europaed..) plantations of Andalusia (Southern Spain). Tésults suggest that
the edge of major agricultural areas (mostly otiveves), and areas adjacent to Natural Park
with oaks would be most suitable for wildlife haitrestoration. These results are in
agreement with those of studies carried out byrasearchers on ecological diversity, based
on either individual or groups of species.
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1. Introduction

The restoration of habitats for wild flora and fauand its coexistence with agricultural
activity is one of the main objectives of many eammental programs around the world
(United Nations Development Programme, United NetiBnvironmental Programme, World
Bank and World Resources Institute, 2000). Focusma@gricultural fields in the EU, we can
identify three main trends that have characterizbd recent evolution of European
agricultural landscapes (Wolters, 1999):
« Intensification in some Member States of the EUntéad and Eastern Europe).
* Extensification of agricultural lands as a resdlthee EU’s environmental protection
programs (intensified after the decoupling of thbssdies proposed by the EU Mid
Term Review of the Common Agricultural Policy).
* Abandonment of agricultural land, a particularlypiontant process in Mediterranean
mountainous areas.

Mountainous agricultural areas with a high prohgbof being abandoned could be used for
wildlife habitat restoration. However, there is mldem of how to evaluate agricultural land
in terms of its suitability for wildlife habitat séoration. The competition between agriculture
(particularly intensive agriculture) and wildlifeabitats has been pointed out by several
authors (Donald et al., 2006; Osinski, 2003; Samaein et al., 2006; Waldhardt, 2003). The
negative influence on wildlife habitats of the agitural activities through the use of
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agrochemicals and the modification of natural tebithas also been well documented
(Pimentel et al., 1992; Sullivan and Sullivan, 2006

It is clear that some indicators are needed forogowal diversity and wildlife habitat
assessments of agricultural areas. Most of theatolis that have been developed to assess
biodiversity and ecological diversity refer to sggacrichness and the habitat requirements of
particular species (Bichs, 2003; Duelli and Ob26103; Jeanneret et al., 2003; Waldhardt,
2003). On the other hand, the OECD recommends gatiention to man-made objects and
their influence on the surrounding habitat (OECB92; 2001). Gilbert et al. (2000) illustrate
an original approach to assess the viability oblerdand to be transformed into semi-natural
habitat using the decision support system simidahé one used in this paper.

A number of ways to include wildlife habitat exiSthese include Cost-Benefit Analysis
(Brauer, 2003; Polomé et al., 2005), GeostatistRababilistic Modeling (Bayliss et al.,
2005), Scenario Modeling (Santelmann et al., 2@d@) Multi-Criteria Decision-Making. The
latter is the approach adopted in the present stady within this paradigm, we have utilised
the Analytic Hierarchy Process (AHP).

The AHP technique uses expert judgments as inmutsvéighing criteria and alternatives
(Saaty, 1980). In our study, expert knowledge deitees the relative importance of each
criterion of the optimising function for the poteity of habitat restoration. Empirical
studies that have used multicriteria evaluationhoés$ for the solution of spatial problems
include that of Malczewski (1999), which broughgether two approaches developed much
earlier: Multi-Attribute Utility Theory (MAUT) andthe use of Geographical Information
Systems (GIS) as a platform for representing tteiagpdimension of the problems. A large
number of studies have since adopted Malczewsgpsaach, including Hoctor et al. (2000),
Store and Kangas (2001), Tseng et al. (2001), Wataivasan et al. (2003), Ayalew et al.
(2005), Strager and Rosenberger (2005), and Neaugrash Piantanakulchai (2006), this last
dealing with different fields of landscape assesdrpeocess.

As an example of the use of AHP for spatial proldesolution, Thirumalaivasan et al. (2003)
predicted areas that are more likely than otherbdoome contaminated as a result of
activities on or near the land surface. The AHPhoe@tcomputes the ratings and weights of
each criterion on the parameters of the model. TG&8 software provides the spatial
representation of the optimum solution. Similayyalew et al. (2005) deal with landslide
hazard area prediction using both the AHP and fiogregression techniques. The results
compare two susceptibility maps. According to thasthors, the AHP map was closer to
capturing the reality on the ground than the lagisegression. Strager and Rosenberger
(2005) focus on the identification of high-prioritreas for land conservation. For this
purpose individual stakeholders and expert judgesnemere combined using the AHP. A
recent study by Neaupane and Piantanakulchai (20&@&ymined landslide hazard zonation
but, unlike Ayalew et al. (2005), the authors usieel latest modification of AHP known as
Analytic Network Process (ANP). This method pernpigssible interdependences among the
criteria of the model to be taken into account.

All of these studies, irrespective of their fieltlapplication, share the same methodological
approach: the combination of AHP and GIS. The tesiuthis research will allow assessing
the potential of restoration of wildlife habitats a criterion to be included in the decision-
making process for the selection of the optimatitmape conservation measures.



From a practical point of view, the study idensfithe more valuable plots of the olive
plantations in the area of study that are potdptisiitable for the restoration of wildlife
habitats. On the methodological side, we have d@esl a method based on expert
knowledge that is capable of identifying potentiglidlife habitat areas with relatively small
input information requirements, and applied to dipalar landscape pattern.

Taking into account the information generated iis #tudy, some policy reconmendations
can be made about the places most suitable fae#teration of habitats for focal species. In
this sense, this methodology can be used to maugdifsc and spatially targeted policy
incentives for agricultural lands in environmentalaluable areas.

2. Thearea of study

As Map 1 shows, the municipality of Montoro is ltegh in the province of Cordoba in
Southern Spain. The territory enjoys typical Madédaean continental climate conditions
with irregular precipitation distribution duringetyear (less than 600 mm/year). Montoro was
chosen for this study due to the presence of &tyaoif agricultural ecosystems (pasture, olive
groves and annual crops) and natural vegetation agrcultural areas (Map 2 shows the
range of land uses). Its 58,103 hectares are divid® olive plantations (34.2%), arable
crops (8.1%), forest and natural vegetation (46, Déhesa(8.7%), water reservoirs (1.1%),
urban area and infrastructure (0,8%) and other les&$ (1.0%). The part of the area of the
Natural Park Sierra de Cardefia and Montoro is appdd with other land uses and occupied
26% of the municipal territory of Montoro.

Map 1. Location and physical map of Montoro
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Map 2. Principal types of land use in Montoro
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Note: Dehesa is grassland with scattered treesamell-developed herbaceous formations (Spanishegofor
Pasture Research). These agrosilvopastoral sysieeneharacterized by a savanna-like physiognomyrt(Ma
and Fernandez, 2006).

The central and northern parts of Montoro are mdstjhlands with steep slopes that make
agriculture extremely laborious. For this reasowstragriculture in this region is based on
extensive olive plantations and pasture.

3. Methods

The methodology involves three phases: First, aantory of man-made and natural objects
on the territory is drawn up. Then, the AHP meth®dmplemented based on the expert
knowledge. Finally, the Geographical Informationst&ns analysis is used to assess the
potential of the study area for wildlife habitastaration.

3.1. Man-made and natural landscape objects ascatdrs of potential for wildlife
habitat restoration

Some previous studies have used man-made elemeras andicator to delimit landscape
protection areas (e.g. Osinski, 2003). Forman aodr& (1986) and Forman (2001) pointed
out that the landscape is a matrix of roads, udraas, natural vegetation, and agricultural
plots. Turner (1989) noted the influence of man-enatljects on the ecological process (for
example road infrastructure reduces dispersal piateof the wildlife species). Some

theoretical approaches such as metapopulation ythéloe ecology of the landscape and



macroecology (Rosenzweig, 1995; Hanski, 1999) kasaled that the configuration of the
landscape has a powerful impact on the diversitipcdl species. Duelli (1997) thus claims
that habitat quality is the most important factor ibocal species. Such “matrix effects” have
been identified by several authors (Jonsen andikght997; Miller et al., 1997; Burel et al.,
1998; Thies and Tscharntke, 1999; Weibull et @&IQ® Dauber et al., 2003).

Although general indicators for all types of lanaises and purposes do not exist (OECD,
2002; Waldhardt, 2003), both natural and man-madetofs should be taken into
consideration, depending on the local conditionsheflandscape matrix and availability of
the spatial data. Another important issue is thexigs under consideration: depending on the
focus species selected, as an indicator for thenpat of wildlife habitat restoration, the
results could vary considerably.

The wildlife species considered in our study weseesal vertebrate carnivore speéiend
one bird speciés These species are rare, some of them are onotiderbof the extinction
(Iberian lynx) and quite sensitive to the humarspnee (Gil-Sanchez et al., 2004; Fernandez
et al., 2007). The approach followed in this reskeas based on the influence of landscape
elements, rather than on habitat requirements aHl fspecies. However, the requirements of
the focal species are explicitly considered ingpproach.

All landscape objects were divided into two groufpsitive” and “negative” according to
their influence on the habitat of focus speciesb{@al and 2). This division was made
following the literature review and experts opirson

Table 1. Evaluation of the surrounding influencaedistances for “positive” objects
Evaluation of the landscape elements surroundifigeince zone (m)

Landscape objects

1=Min 2 3 4 5 6 7 8 9=Max
. 500- 400-300 300-200 200-100 <100
Water bodies 400
. 500-400 400- 300-200 200-100 <100 Natural veg.
Natural vegetation
300 structures
Protection of the 500-400 400- 300-200 200-100 <100 Natural Park
Natural Park Sierra de 300

Cardefia and Montoro
Clarifications for Table 1: Water bodies includeseevoirs, rivers and streams. Natural vegetatiatudes
natural Mediterranean forest, shrub lands and Medihean pastures (dehesa).

Table 2.Evaluation of the surrounding influenceedrstances for “negative” objects

Landscape Evaluation of the landscape elements surroundifigeince zone (m)
objects 1=Min 2 3 4 5 6 7 8 9=Max
900- 800-700 700-600 600-500 <500 Urban
Urban areas 800
Roads 500-400 400-300 300-200  200- <100
infrastructure 100
High power <100
electricity lines
Agricultural Low .Moderate Intensive
plots intensi- intensi- crops
fication fication systems

2 Iberian lynx Lynx Pardinu}, Wolf (Canis lupu}, Red fox Yulpes vulpes).
% Bonelli's eagle Kieraetus fasciatys



Clarifications for Table 2: Urban areas include maiban areas in the study area. Road infrastreichaiudes
high speed motorway, motorways and railways. Higivgr electricity lines include main high power etaity
lines. Agricultural plots include olive plantationgth different level of intensification and araldeops.

In the first group we place all landscape objebtdt have a positive influence on ecological
diversity and wildlife habitat restoration. All naél objects within the landscape matrix are
grouped intro this first group. Depending on thHeirctions within the landscape matrix, man-
made objects can have either a positive (e.g. theirlll Park) or a negative effect (e.g.
agricultural plots, buildings, roads and power $inerhe Montoro Natural Park is regarded as
a positive element since it involves administratpretection from actions that would have
negative implications for ecological diversity.

The main model assumption is that both naturalthtsb{positive landscape object) and man-
made elements (negative landscape objects) haveeadf influence. The type of influence
varies depending on the landscape object. The elemarked as a positive is supposed to
enhance the dispersal of the wildlife species, avtiie negative landscape object impedes the
dispersal of the species. This negative influesamare evident for more sensitive species. In
addition the intensity of the olive production sss has a negative effect on the adjacent
habitat due to the pesticide spraying drift.

3.2. Literature review on influence distance ofdacape objects

Guzman-Alvarez (2004) has developed a model ofpthtentiality of colonization using a
range of distances of between 0 and 500 m as tlk@mam possible for natural regeneration
from existing vegetation. Blab (1993) took a dis&mf 400-800 m as appropriate for birds,
small mammals and flying insects. Knauer (1988tdesd distances between 100 and 400 m
as the longest for an ecological network in agtizal landscapes, while Osinski (2003)
regarded a distance of 300 m for the landscapeegitnas a suitable mean value for setting
priorities for landscape protection on a spatiaeleof the state. The negative influence of
road density on wildlife habitats has been welldoented by Joly and Myers (2001) within
the usage of the indicator of road density.

The selected zones of influence varied from 1080@ m, depending on the landscape object
concerned. (See Tables 1 and 2 for the range afiygosnd negative landscape objects,
respectively). The values of the different zonesnfiience were assigned according to the
literature review and the expert opinions. A 1 tor8inal scale was adopted for this purpose
(Saaty, 1980).

The distances selected for the zones influencedrbgn areas (see Table 2) —between 500
and 900 m- are justified by their great impact anraunding areas (Whitford et al., 2001,
Palomino and Carrascal, 2006; Jones and Paine,).2608 high-tension power lines a
distance up to 100 m was considered (S6éderman,) 2086 road infrastructure distances are
based on the general indicators elaborated byalalyMyers (2001). Since the evaluation of
the potential for wildlife restoration of olive fis the aim of the study, no buffer zone was
created, only an estimate based on the agriculplaatation intensification. Agricultural land
was reclassified according to its management typkits influence on ecological diversity
and thus on the possibility of restoration. It fien accepted (Duelli et al., 1999; Reidsma et
al., 2006) that arable crop systems (cereals), tduiés annual soil disturbance, are more
harmful to ecological diversity than permanent eyst (olive orchards and other tree
plantations). Thus, three types of agriculturaltphlvere considered (see Table 2): intensive
crop systems (cereals and new intensive olive giowveoderately intensive crop systems (old



olive groves with average yields) and low intensivep systems (old olive groves with low
productivity). The olive groves were classified the basis of their productivity and tree
density maps (both variables positively correlated)

3.3. Analytic Hierarchy Process multicriteria dgois-making technique

The Analytic Hierarchy Process (AHP) belongs tofdmaily of multicriteria decision-making
techniques. Saaty developed this technique with d@ime of supporting arms-reduction
negotiations between the USA and the Soviet UnimoGeéneva (Saaty, 1980). The principal
interest of this method lies in the possibility measuring as tangible relatively intangible
commodities during the decision-making process t{Sat al., 2003). A review of applied
studies that have employed this technique can dredfin Vaidya and Kumar (2006).

3.3.1. The AHP algorithm description

There are two specific characteristics that distisig this method from the other methods of
this family: the construction of the hierarchy sture of the problem to be solved, and the
pair-wise comparisons made between different caitey weight them with respect to the

overall objective. Saaty (1980) recommends a schlg-9 for the pair-wise comparisons,

where a score of 1 implies similar importance &f ¢hiteria being estimated, while 9 indicates
an extreme level of importance of one over therthe

If we assume that there anmecriteria, andw represents the scores on the 1-9 scale, then the
next Pair-Wise Comparison Matrix (or Saaty matdah be written:

w/w w/w, L Ww, W, nw,
W, /W W W, W W o W | | NV
w/w o w/w, W w ) w nw,

The same formula in algebraic notation would Be;] x [W1j] = [N"Wa ],

whereA is ann xn Pair-Wise Comparison Matrix which represents thgorof ratings to
weights, W is the vector of weights of the criteria, ands the order of the matrix under
consideration. The problem to solve is to findketor of weightdV from theA matrix. This
kind of problem is quite common in physics and eegring and is known as the nonzero
solution of the eigenvector/eigenvalue problemspite of the existence of more than one
solution to this problem, Saaty and Hu (1998) aadt$ (2003) insist on the application of
this method via a system of equations equal to (@aaty, 1980; Forman and Selly, 2001;
Saaty and Vargas, 2000). In the present study wd tiee MATLAB platform with the free
extension of Scott (2001) for the mathematical cotagon. The ideal mode of AHP (Saaty,
2005) is the approach followed in the simulation.

3.3.2. Checking the consistency of the responses

The above algorithm for the solution of the eigarteeproblem is applied only in the case of
total consistency of the Pair-Wise Comparison Matn general, however, this condition is
rarely met, so the eigenvector problem for the mststent case is written as: [A[W] =
Amay W], where,Amax is the maximum value of the eigenvector of ma&iandW represents
the corresponding weights of the right eigenvectdormally Amax is rounded off ton



(Amax= ). The closer thénax to n, the more consistent is the judgment recollectegipusly

in the Saaty matrix. Thus, the differeriggyn could be used as an indicator of the degree of
inconsistency (this difference should be zero forcampletely consistent matrix).
Nevertheless, an alternative kind of measuremeatvknas the Consistency Index (Cl) has
been proposed (Saaty, 1980; Saaty and Vargas, B3y, 2003) . If we defing; = (W
Iw;)d;, then:

1 1
CI=( Mmaxn)/ (N-1)==-1+ o(h=1) > [dij +—]

Isi<jsn dij

where CI is interpreted as the average inconsigtascumulated in the matrix. In the next
step Saaty (1980), Saaty and Vargas (2000) propmsaparing the Consistency Index with
the Random Index (RI). This Rl is calculated lik€labut for randomly composed reciprocal
matrices with an order from 1 to 15. On the basihese two indices, the Consistency Ratio
(CR) is calculated as CR=CI/RI and, according tat$41980) and Saaty et al. (2003), it
should be lower than 0.1. This means that the instarey of the responses should not
exceed 10%. An inconsistency between 0% and 10%bearegarded as normal. In cases
where the CR is higher than 10% the responses éHgutevised in detail and the evaluation
guestions must be repeated until the CR<0.1.

In this study six experts in the field of ecologydafocal species from the Montoro Natural
Park authorities (one expert), the University ofdida (two experts from the department of
Botany, Ecology and Plant physiology), the Agricteluand Training Research Institute of
Andalusia (two experts) and the National Universitfy Dnipropetrovsk (Ukraine) (one
expert) were interviewed according to a standardPAjdestionnaire and asked to estimate the
importance of the selected landscape elements erretovery of agricultural land. The
experts were selected based on either their kngelem the study area or the focal species
requirements. There are several methods of aggnegatiividual judgments in this case we
use the aggregation of individual priorities by &edric Mean method (Forman and Piniwati,
1998).

3.3.3. Establishing positive and negative prioritrethe AHP

Originally, the AHP evaluated the ranking of a fesll-defined alternatives. Later, with the
development of GIS methods, Carver (1991) and Maltzewski (1999) suggested applying
Multicriteria Decision Analysis to the solution tife spatial problems. With this method, the
linear additive function is accepted as an accéptapproximation to reality (Saaty, 1980;

I=m
Malczewski, 1999) and takes the for\d‘r.—'ZWiUi , Where, in our case is a relative value
i=1
of the potential for wildlife restoration in eachkritorial unit; w; represents the experts
weighting of the landscape matrix object represkrig spatial layersly; represents the
values of each class of the landscape objects.

In our study we found it necessary to incorporaggative priorities in the AHP model.
Originally the AHP technique did not consider negapriorities, and when they were found,
they were incorporated in the models as small pesgriorities. But it was observed that this
kind of procedure led to some reversals of rankingke results (Millet and Schoner, 2005).

* The example of questionnaire and the divergeneaseen the experts’ answers are in the Annex.



Utilization of the Bipolar AHP (BAHP) is one poskbway of dealing with negative
priorities. Recognition of the natural zero concepain obligatory condition of the BAHP
procedure. As Stevens (1946) comments, the real satle has a natural zero that can be
interpreted adack of magnitude Saaty and Ozdemir (2003) advocate utilizationthod
negative priorities to deal with the costs andgiskd the zero in the same mode. Since the
Expert Choicesoftware package that provides solution of the AP problems does not
deal with negative figures, forcing to the researdb rethink its problem in a positive mode,
we handle the problem without employing this roetin

In order to avoid the undesirable bias from thesateration of negative priorities as small
positive numbers, we thus included the negative @wsitive priorities in the same model.
Saaty and Ozdemir (2003) describe the theoretmekdrounds of this approach, while Millet
and Schoner (2005) propose some practical way® tio. @driefly, the technique that allows
the possibility of incorporating the negative pitiprinvolves utilizing the AHP ideal mode
(Saaty, 2005). This technique separates the positihtk the negative priorities into two
hierarchical structures that are added at the eénthe procedure. The weight of each
hierarchy is reached through the ratio of relapvierities. The ratio of relative priorities can
be defined as "the absolute value of the relatirefgnence of the extreme priorities values
under each criterion” (Millet and Schoner, 20053p70). In some AHP cases, the separation
of the positive and negative priorities into twefairchies is not possible, since some criteria
attain both positive and negative values (for edanmpe observer’'s visual preference). In
such cases, it is recommended to employ both negatd positive numbers in the same
hierarchy. Since such cases did not occur in auglystwe separated the positive and negative
landscape objects into two hierarchies.

3.3.4. The sensitivity analysis

Performing a sensitivity analysis is recommendea asean of checking the stability of the

results due to the subjectivity of the expert juégits (Mészaros and Rapcsak, 1996). The
most common method is to modify the weightings miatéh from the experts. The assumption

of equal weightings is also used for this purpodee maps obtained from the sensitivity

analysis are included in the Results section.

3.4. GlS-aided analysis

The analysis of the area of study on a territoradi® involves the use of GIS, which is
defined as an information system for the managensrd analysis of geographical
information, and the geographical information asaéstraction or representation of the real
world (landscape) (Santiago, 2005).

The GIS software used as a platform for the reptasen, management and analysis of the
spatial information was ArcGis 9.1. The input datarev land use map (1999; 1:50,000)
corresponding to the study area (EGMASA, 2001);ahenonochrome orthophotos (2001-
2002; 1:5000) and color orthophotos (2005; 1:10,09t:ld map of the olive plantations

(2004; 1:25,000); road infrastructure map (199251000). The materials were provided by
the Cartography Service (Junta de Andalucia, 2Q005). All geographical materials are
represented in European Datum 1950, Zone 30N (SpainPortugal). Several trips to the
study area were made with a GPS device, in ordehéxk and if necessary, correct, the
accuracy of the geographic information. Figure dvshthe structure of the spatial problem to
be solved.



Fig. 1. The structure of the spatial problem to be solved
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The second phase of the GIS analysis involves thiaittlen of the size of the zone of
influence. The distance (or size of the influencede) depends on the particular qualities of
each landscape element. A decreasing influenceistande increases was assumed. A
distance of 100 m was selected as the smallesiiy@skie to the accuracy limitations of the
cartographic information.

The third phase of the GIS analysis consists ohtap layer overlays produced by the raster
calculations from either the shape format or diyeict raster mode. The type of geographical
information data and the type of analysis deternhitiee choice of format. The result is
presented in raster format with a cell size of 10Am example of the methodology employed
is depicted in the Map 3, with two layers (one riemd one road), and one class (area of
influence of 200-300 m) per layer.

3. Example of the AHP-based landscape evaluation
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In this example of olive plantation landscape eaadn, there is an interaction of two
landscape elements: a river (blue line) and a m@gpi(red line). Each landscape element has
its own area of influence (dotted area for theriaed striped area for the motorway). The
interaction is marked with stripes and dots. Ineortb simplify the example, we assume an
area of influence of 200-300 m (unlike the simaatmodel which considers decreasing areas
of influence) for both elements (river and motoryva&ccording to Tables 1 and 2, both
rivers and motorways have values of 7 on the expemte. This value is equivalent to a
normalized value of 0.75 (see Table 3). Consideangtio of relative priorities for positive
and negative objects, 0.405 and 0.595, respect{gely Section 4.1) and the weight of rivers
and roads, 0.33 and 0.27, respectively (see Tabtal®b), their inclusion in the additive AHP
function yields an interaction factor of 0.41*(0*83/5) — 0.59*(0.27*0.75) = -0.018, with
the negative sign indicating the overall negatiViea® of motorway on the potential for
wildlife restoration.

As Figure 2 shows, the first step in the cartogm@a@malysis is verify the accuracy of the

geographical information. For this purpose the tnpaps and aerial photos were compared.
On the basis of recent aerial photographs, an iaddit highway and an urban area were
added, and some corrections to the size of oliggag were taken into account.

Fig. 2. Algorithm of map overlay analysis
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The next step was the reclassification of the infdrom presented in the land-use map. All
existing land use types were classified into fourugs: natural vegetation areas, agricultural
lands, urban areas, and reservoirs and lakes. @ih@roccupants such as rivers, streams and
roads were considered as line landscape structures.

We used the new land use map of the study areaetergte the zones of influence
surrounding the selected landscape elements. Tgesatbon was carried out through the
ordinary routines of ArcGIS 9.1 called “buffer ctiea”.

For the AHP implementation it was necessary to aisa the values assigned to classes of
each layer, on the basis of the following the folaeu

X =X

Xnormalised= —+——""-

Xmax - Xmin

whereXnomalisediS the normalized rank valu;,,, is the raw rank value in the ordinary scale
from 1 to 9;Xnin Is the minimum value of the scale utilized; atg«is the maximum value of
the scale utilized. The results appear in Table 3.

Table 3. The results of the normalization from the ordinario 9 scale
Old values 1 2 3 4 5 6 7 8 9

New values 0 0.125 0.250 0.375 0.500 0.625 0.750 0.875 1.000

The AHP ideal mode was implemented using the nomedlvalues. The evaluation of classes
for each layer makes the procedure more flexibld ahthe same time, helps to avoid the
possible irregularity in the results produced byhgshe “distributive” mode of the AHP
technique, that is, theink reversalphenomenon that sometimes occurs (Saaty, 1994etMill
and Saaty, 2000). The selection of the AHP mode dpeific implications for spatial
modelling using GIS: In the assessment of thetteyrieach layer has a different number of
classes to be evaluated. According this procedbesefore, layers with more classes tend to
reduce the value of each class since the totalyalwguals one. To resolve this limitation, the
ideal mode of AHP takes this irregularity into agob Thus, in the present study the expert
judgements determine the value of each spatial Iégee Tables 4 and 5), then each class
within the layer is given a value according to Table and 2, and this value is finally
normalized in accordance with the weights of Tabll3re the sum is not 1 but a decreasing
value according to the 1-9 scale.

For example, the layer of water bodies, accordinthe AHP expert evaluation, has a value
of 0.3332 (see Table 4). This layer has five clagses Table 1), with a range of relative
importance between 5 and 9. The first class (500MP® assigned a relative importance of
5; therefore, according to Table 3, this class hagighting of 0.500. The final weight of this
class on this layer is calculated by multiplyin@382 x 0.500 = 0.1666. However, the same
class (500-400 m) on the layer of natural vegatasoveighted 0.2647 x 0.375 = 0.0993.

4. Results
4.1. The hierarchy of the problem and expert evizbna

As noted above, the positive and negative landsadpects were processed separately
(Tables 1 and 2). Following the recommendations adtys and Ozdemir (2003) and Millet
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and Schoner (2005). Six experts were then askethéar evaluation of the importance of the
landscape objects in terms of its influence on ébelogical diversity and wildlife habitat
restoration. The aggregated judgements of the expegtpresented in Table 4 for the positive
landscape elements and Table 5 for the negativeealsn(see Annex for the elicitation
procedure and experts’ judgements).

Table 4. Aggregated matrix of the experts’ evaluation far fositive landscape objects

Water bodies Natural vegetation Natural Park area  Weights
Water bodies 1 1.21 1/1.16 0.333
Natural vegetation 1/1.21 1 1/1.58 0.265
Natural Park area 1.16 1.58 1 0.402

CR=0.0015; CI=0.0078;na=3.0016

Table5. Aggregated matrix of the experts’ evaluation far tregative landscape objects

Urban Roads Agricultural High power Weights
areas plots electricity lines
Urban areas 1 2.61 7.86 7.98 0.591
Roads 1/2.61 1 3.91 4.83 0.270
Agricultural plots 1/7.86 1/3.91 1 1.82 0.082
High power electricity lines 1/7.98 1/4.83 1/1.82 1 0.057

CR=0.0181; CI=0.0161na=4.0483

As Table 4 shows, Natural Park territory was evaldaas a more important landscape
element with a 40% weighting, followed by Water Resdwith 33%. Natural Vegetation
obtained the lowest weighting (27%). However, treximum difference between weightings
(less than 7%) suggests the absence of extremer@nebs among objects.

On the negative side, Urban Areas, with a weighb@#, was the most important element
among the negative landscape objects (see TablEhB)next most important element was
Road Infrastructure, with a weighting of 27%. Agiiaral Plots (8%) and High-tension
Power-lines (6%) were evaluated as less importantan as potential for restoration was
concerned. Consideringe absolute value of the relative preference efaktreme priorities
0.591 and 0.402 (see Table 5 and Table 4, respegtie weight of the positive hierarchy is
0.402/(0.591+0.402)=0.405, whereas for the negativerarchy the value equals
0.591/(0.591+0.402)=0.595.

Once each class has been assigned a value thaiddem®ethe layer on which it is locatdide
next phase of analysis consists of the calculatiotihe territorial values of the positive and
negative hierarchies. This overlay analysis is e via the linear weighted sum
recommended by Saaty (1980) for classic AHP caasd, by Malczewski (1999) for
Multicriteria Analysis in GIS, as discussed above.

The final phase overlays both the negative and igesdreas of influence using the map
algebra calculation in a raster layers analysiscé&the analysis considers negative priorities
some parts of the resulting map have negative sallibese values can be interpreted as
implying a very low potential for wildlife restoian in this territory, due to the strong
influence of negatively weighted human factors. Tihal map values range between —1.568
and 1.333. In order to compare scenarios in thsitbaty analysis and to make interpretation
easier, the scale has been transformed into a faoniéar -1, +1 scale.
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Map 4. The resulting map of evaluation of wildlife habitastoration potential
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As Map 4 shows, the olive orchards close to theirahibbjects such as natural vegetation,
water bodies (rivers, streams and reservoirs) hadNiatural Park yield high positive values,
indicating their relative suitability for wildlif@abitat restoration.

4.2. Sensitivity analysis

It is recommended in any Multicriteria Analysis thlaasensitivity analysis aimed at answering
the question “what if” should be performed. In tetady the analysis addresses the question
of the relative stability of the suitability mapsaa-vis changes in the inputs. Another use of
the sensitivity analysis would be to evaluate défe territorial development scenarios. In our
case, for example, it might analyse the effect aricelling the Natural Park protection or
assess the effects of a stronger influence of hegndscape objects. Among many possible
scenarios, we selected four types of changes imtidel (see Map. 5):
 Equal importance between the factors in each hieyafthis would imply three
weights of 0.3333 each in Table 4, and four weiglfit8.2500 each in Table 5). This
scenario is provided purely in order to check tladitity of the model.
« The negative landscape objects are assigned gregtertance than the positive ones
(1; 0.43); w=0.7; w,=0.3. This sensitivity analysis assumes that negdandscape
objects have a greater influence on the wildlifbites (w=0.7) than the positive
ones (W=0.3). These weights are transformed into 1 and, Ge&pectively, through
the ideal mode of AHP.
* Among the positive objects’ hierarchical structuve switch the weights of natural
vegetation and the Natural Park.
* The model omits the influence of the Natural Pagution.

The objective of the last two cases of the senspti@nalysis is twofold: First, to take into
account the uncertainties and disagreements raldaje the experts during the AHP

14



evaluation. Second, to assess the effect of thecamuental protection policy related to the
Sierra of Cardefia and Montoro National Park.

Map 5. Sensitivity analysis
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According to these four maps, it is reasonablectept the stability of the model, since the
changes observed in the potential for restoratfonildlife habitats of certain areas maintain
the trend depicted in the initial model.

5. Discussion

Due to competition between human activities anddMé for the same habitats in

mountainous areas of Andalusia, it is importanbeoable to identify the most suitable areas
for wildlife restoration now that the viability ofmany olive-growing areas is at stake.
Although most studies claim that there is a lack@feralized models of ecological diversity
and that it is impossible to apply the same indicah different spatial-temporal scales
(Waldhardt, 2003; Jeanneret et al., 2003), mangiestuoffer the selection of suitable places
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for either a particular species or for a group péaces with similar habitat requirements,
subject to a spatial-temporal scale (Store and Ksng001; Pedersen et al., 2004; Van der
Horst and Gimona, 2005).

The method adopted in this study is based on thsideration of the habitat requirements of
several wild species and its relations with langecanatrix elements, whose theoretical
background rises from Forman’s (2001) land modaoiy and the OECD studies on human
influence on the environment (“man-made objectsdigators).

Geographical Information Systems play an importaid in our study as a platform for the
preparation, management and representation ofaspatormation. Once more, GIS have
proved to be a valuable tool for any study at laage level. Combining the potential of GIS
with the AHP multicriteria analysis enables us tamlerstand the potential value of the olive
grove landscape for wildlife habitat restoration.

The concept of boundaries as a crisp or fuzzy cdnsegn important topic of discussion in
landscape ecology. We assume that in real lifeethee no clearly defined limits for wildlife

habitats. This is why we approximate the boundartédized in the model to a soft or fuzzy
pattern. This was done by creating zones of inflaefar landscape elements bordering
particular areas.

The major contribution of the presented appro&ithe consideration of the negative
priorities in the AHP spatial model through thetdlmition of landscape objects into positive
and negative hierarchies. In introducing the neggbriorities we avoided possible errors that
might have appeared as a result of transformingtnegvalues into small positive priorities.

The model offered here can be easily modified and teatively small input data

requirements. This enables the model to be implesdeint other parts of the world, always
bearing in mind the conditions that apply to thecfic site concerned. Furthermore, its
results could be used as input for other typesafysis.

It is interesting to report some similarities bedwehe results obtained in this study and those
provided by Van der Horst and Gimona (2005), whedumulticriteria spatial analysis to
determine the most suitable territories in agrioalk areas for the implementation of action
plans for biodiversity. Unlike the present studywhich we analyse the potential of the area
for the wildlife habitat restoration, these authoosnbine the requirements of 15 species as
map layers, weighted according to the importanceawh species. However, the results of
both studies emphasise the importance of the edgeszof major agricultural areas, the
riparian zones (in our case their natural vegatqtamd areas adjacent to mature pinewoods
(in our case the Natural Park with its oaks) adrwathe highest potential for wildlife habitat
restoration.

Albeit the split of the landscape objects into pesiand negative elements is a simplification
of the complexity of their influence on the wildif habitats, it seems a reasonable
approximation in order to assess the possibilityredtoration of agricultural lands with
limited data availability. Likewise, the classift@n of forest, shrub and pasture into the same
group (“natural vegetation”) has the same purp®ge.acknowledge that simplicity of these
assumptions and relatively general nature of tipaitimata. Notwithstanding, this approach
can be used to identifg priori those areas for habitat restoration for generafsicies in
areas where proximity to human structures is a mmgtortant component of habitat
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suitability. Also it can be used to assist in timgling of the areas that would be unsuitable for
restoration (for example for the species highlys#tere to the human presence).

Other issue is the consideration of the low intemsagricultural plots into the group of
negative objects: some authors claim that low sitenagricultural areas are very important
for the preservation of wild species. Being thatetby comparison with more intensive
production systems, most of these areas were Meahian forests and transformed into
olive plantations due to the production linked sdfps Now that the subsidy has been
decoupled, it seems more appropriate for the viddiabitat to return to their original state.

Another issue worth to be commented refers to thigestivity of the experts” opinions.

Although their answers showed clear divergences,Ghometric Mean aggregation method
(Forman and Peniwati, 1998) proved to overcome litrigation, as the sensitivity analysis

seemed to suggest.

In addition to the sensitive analysis, we checlesl \talidity of the results we selected at
random eight plots that, according to the suitgbiinap (Map 4), obtained the highest score.
The visual assessment of these plots confirmed shdbility in terms of the non-existence
of negative objects and the presence of posities.on

Finally, the combination of the model presenteceheith the models based on empirical data
for key species habitat suitability is an intemnegtline for future research. Other lines might
involve utilization of non-linear functions such amultiplicative AHP. Consideration of the
interdependences and feedback between the modetiarwith the negative priorities via
Analytic Network Process would be worth pursuinduture studies.

6. Conclusions

The present study provides a methodological apprdactassessing the suitability of
agricultural lands for habitat restoration. This hoetology combines cartographic data with
expert judgments about the effects of specific eleisof the landscape on wildlife habitats.

The evaluation of potential is applied empiricathythe olive groves of Montoro in Andalusia
in southern Spain through a combination of AHP &@i&. The first technique provides
weightings of the elements of the landscape foisthegial analysis based on defining areas of
positive and negative influence for each matrixradat. The GIS technology aggregates the
layers of elements in order to determine the mastalsle areas for wildlife habitat
restoration.

From a methodological point of view, the use of iteal mode of AHP avoids the bias that
arises from the weighting of elements in each laylkeen the number of elements differs in
individual layers. Consideration of negative pties instead of their transformation into
small positive priorities also gives the model morernal consistency and produces more
accurate results that are in accordance with tefepnces revealed by the experts. Also, the
data requirements of this approach are less rigotioan those of classical statistical models
based on historical data.

The sensitivity analysis indicates that the modstable on the basis of the results of the four

alternative scenarios considered. The simulationiezhout in the study identifies the edges
of major agricultural areas (mostly olive groveajeas of natural vegetation and areas
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adjacent to Natural Park with oaks as being mogalse for wildlife habitat restoration.
These results have similarities to those obtainedtbgr researchers on ecological diversity,
based on either individual or groups of species.

Finally, we must acknowledge the limitations ofsthnalysis. The rather simple input data on
species requirements makes this study a prior apprto a further analysis to spot suitable
areas for focal species. Therefore, this approachoisa replacement for more careful

analyses based on species-habitat associationgshandroposed configuration and spatial
extent of those habitats in a restored landscape.
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