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Abstract

Aim of study: Diagnosing the degradation degree of forest ecosystems is the basis for restoration strategies. However, there is
no literature documenting how to quantify the forest degradation degree by using synthetic indicators, also because there is not a
widely accepted definition for “forest degradation” and “degraded forest”. Although there are many definitions of forest degradation
that converge on the loss of ecosystem services, still today there are no largely accepted methods that give operational guidance to
help in defining it. In the present research, with the aim to assess the degree of forest degradation, an integrated index - FDI, Forest
Degradation Index - was developed.

Area of study: In this first application, the FDI was applied and validated at stand level in two different Mediterranean forest
types in two different case studies: Madonie and Nedrodi regional Parks (Sicily, Italy). The first dominated by sessile oak [Quercus
petraea (Matt.) Liebl. subsp. austrotyrrhenica Brullo, Guarino & Siracusa], the second dominated by cork oak (Quercus suber L.).

Material and methods: FDI is a synthetic index structured starting from representative and relatively easily detectable parameters.
Here, we propose a set of six indicators that should be assessed to determine the forest degradation: Structural Index (SI), Canopy
Cover (CC), Natural Regeneration Density (NRD), Focal Species of Degradation (FSD), Coarse Woody Debris (CWD), and Soil
Depth (SD). FDI, here proposed and discussed, has been based on a MCDA (Multi-Criteria Decision Analysis) approach using the
Analytic Hierarchy Process (AHP) technique, and implemented in order to contribute in finding simple indicators useful for forest
restoration purposes that have an eco-functional basis.

Main results: An integrated index of forest degradation has been defined. FDI values are comprised in the closed interval [0, 10],
ranging from class I (Higher ecological functionality) to class IV (Lower ecological functionality). A forest fallen in the FDI-IV
class can be defined degraded. In this first application, degradation occurs in SA-4 and in SB-4 where the lowest values (qualitative
and quantitative) of the indicators were recorded and the FDI reach the minimum value.

Research highlights: FDI has proved to be a useful tool at stand level in identifying a threshold value below which a forest can
be termed as ‘degraded’. In turn, FDI assumes the meaning of descriptor of the ecological functionality. Future development of the
FDI will provide an extension of the application at landscape scale exploiting the potential advantages in coupling MCDA and GIS
(Geographical Information Systems) techniques.
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Introduction

Mediterranean forests have been degraded since the
ancient time mainly by overgrazing and forest fires
(Quezel & Medail, 2003). As a response to widespread
forest loss and degradation, restoration of forest eco-
systems is increasingly being implemented in many
parts of the world (Lamb ez al., 2005; Rey Benayas
et al., 2009; Van Andel & Aronson, 2012). In this direc-
tion, forest degradation being increasingly considered
in global policy processes that deal with biodiversity,
climate change, and forest management (Thompson
et al., 2013), and it is directly related to human well-
being (depletion of water resources, spread of induced
flooding, limitation of the forest resources use) (Mer-
curio, 2010). This is specifically true for two of the
most interesting forest native species such as Quercus
suber L. and Quercus petraea (Matt.) Liebl.

Moreover, the restoration of the degraded sites should
represents one of the major target for the conservation
of biological diversity in Mediterranean area. Neverthe-
less, still today one of the current scientific questions
is focused on detecting a “degraded forest” (Holl &
Aide, 2011). Assessing forest degradation is a very
complex question, first because there is not an accepted
definition of “forest degradation” and/or “degraded
forest”. In fact, stakeholders differently perceive forest
degradation in relation to their different cultural back-
grounds (e.g., biodiversity conservation, carbon seques-
tration, wood production, soil conservation, etc.)
(Simula, 2009; Lund, 2009; Sasaki & Putz, 2009; Putz
& Redford, 2010; FAO, 2011). The definition proposed
by FAO (2001) according to which “Forest degradation
is changes within the forest which negatively affect the
structure or function of the stand or site, and thereby
lower the capacity to supply products and/or services”
represents the start point of the present research. Fol-
lowing what stated in this definition, forest degradation
must be expressed through indicators able to provide
quantitative information, but to be of practical use they
need to be easily measured, repeatable, cost-effective
and of ecological significance. Lacking a holistic ap-
proach, single-indicators are selected to face single
aspects. In this way, if “forest degradation” focuses on
biological conservation, indicators such as species com-
position, stand structure and functional processes should
be chosen (Larsson, 2001). On the other hand, if “forest
degradation” is related to the global change mitigation,
indicators should point out the loss of trees and their
carbon stocks down (Sazaki et al., 2011). Synthetizing,
a comprehensive index able to detect “forest degrada-
tion” and to support the prioritization of sites for forest
restoration is needed (Wang et al., 2010; Ochoa-Gaona
et al.,2010; Orsi et al., 2011; Thompson et al., 2013).
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Generally speaking, to guarantee adequate goods and
services for future generations and solve many conser-
vation problems, forest policies should be addressed
according to three main lines: managing the forest areas
sustainably, protecting remnant natural forests with
minimal human alteration that provide the baselines
for scientific research, and restoring the degraded for-
est areas. Sustainable Forest Management (SFM) re-
quires methods and approaches that recognize many
variables and conflicting objectives and constraints. In
more details, requires Decision-Making (DM) ap-
proaches that examine trade-offs between often compet-
ing/conflicting managing objectives (timber harvesting,
biodiversity conservation, recreation, etc.), according
to the economic, environmental, and social dimension
of sustainability. Multi-Criteria Decision Analysis
(MCDA) can support Decision Makers (DMs) in
evaluating alternatives by taking into account multiple
criteria in an explicit manner. The analysis of the spe-
cific literature shows that MCDA is a useful and
widely used approach for suggesting solutions in the
SFM. More specifically, MCDA methods and proce-
dures have been widely applied over the last three
decades in solving forest resource management prob-
lems (Ananda & Herath, 2009) and several scholars
have previously made a comprehensive review: Men-
doza & Martins (2006) reviewed the use of MCDA in
natural resource management while with specific refer-
ence to the forest planning and management the works
of Pukkala (2002), Kangas & Kangas (2005), Diaz-
Balteiro & Romero (2008), Ananda & Herath (2009)
provide the on-going state of the art. These reviews
also highlight that there is an increasingly interest on
MCDA by DMs and planners involved in forest plan-
ning and management, also outside the scientific com-
munity. To deal with numerous and often-conflicting
objectives/alternatives, at least two critical issues must
be faced in DM problems (Tzeng & Huang, 2011):
defining the preference structure expressed by DMs
and identifying the correct weights of criteria/alterna-
tives matching their preferences. Over the last 50 years,
an extensive literature has proposed several multi-
criteria methods and techniques dealing with theoreti-
cal and practical issues on DM (Vizzari & Modica,
2013). Among these, the Analytic Hierarchy Process
(AHP) (Saaty, 1977; Saaty, 1980) has been proposed
to derive the relative criteria/alternatives weights ac-
cording to the appropriate hierarchical system (Saaty,
1977; Saaty, 1980). Moreover, with specific reference
to the objective of the present research, since its first
application (Mendoza & Sprouse, 1989), AHP has been
widely applied in forest planning and management.

Practitioners appreciate AHP for its simplicity and
flexibility, and because it allows relationships between
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factors — criteria and alternatives — to be established
according to the DMs preferences expressed as ordinal
language (judgments) and then converted into cardinal
numbers. Considering its specific approach, AHP helps
to capture both qualitative and quantitative aspects of
a decision and provides a powerful yet simple way of
weighting criteria, consequently reducing bias in DM.
Indeed, most relevant criticism on the AHP concerns
the lack of mathematical foundation of the scale used
to convert ordinal judgments into cardinal numbers and
the resulting limitation caused by this structure (Ozcan
et al.,2011). The use of a Pairwise Comparison Matrix
(PCM) to obtain a ratio scale of measurement both for
tangible and intangible factors is another recognized
advantage of the AHP. In fact, the PCM effectively
allows to overcome the human difficulty in simultane-
ously evaluating the importance of all the factors in-
cluded in the evaluation. The AHP does not assume the
complete transitivity of DM’s preferences and a certain
degree of inconsistency is allowed, which is realistic
in most decision scenarios. In this respect, one of the
most important advantages is that AHP allows for
checking the inconsistencies in judgments provided by
experts reducing bias in DM.

In the general framework of MCDA methods applied
in defining SFM, the aim of the present research is to
propose a transparent, synthetic and adaptive index at
stand level — i.e. the Forest Degradation Index (FDI) —
focusing on forest ecological functionality. FDI is a
holistic index developed through an AHP-MCDA ap-
proach and based on representative ecological and
silvicultural parameters. Referring to the different

nature of data and indicators considered for the FDI
implementation, the AHP procedure is currently one of
the most popular methods for obtaining criteria weights
in MCDA from a large amount of heterogeneous data.

Materials and Methods

Study-sites

The first study-site [Site A (SA)] “Bosco Pomieri”,
falls in the Madonie regional Park (Sicily, Italy), in a
strict natural reserve (category la Dudley, 2008) be-
tween 1,200 and 1,500 m a.s.l. (Figure 2).

Rainfall usually occurs between October and March,
with an average of 779 mm per year. The average an-
nual temperature is 13.8 °C (datasets refers to 84
years). According to the bioclimatic classification of
Rivas-Martinez (2008), this site falls within the oce-
anic-pluviseritonal Mediterranean bioclimatic unit,
supramediterranean thermotype, lower humid ombro-
type. The geological substratum is made up of nu-
midic Flysch quartz arenite (Lentini & Vezzani, 1974).
Soils are classified as Typic Xerochrepts, Lithic Xer-
orthentsand Typic Xerorthents (Soil Survey Staff,
1999). The forest cover is dominated by Southern Ital-
ian sessile oak [Quercus petraea (Matt.) Liebl. subsp.
austrotyrrhenica Brullo, Guarino & Siracusa] (Brullo
et al., 1999), whit a shrub layer of holly (/lex aquifo-
lium L.). The forest belongs to the Ilici-Quercetumaus-
trotyrrhenicae (Ilici-Quercetumpetraeae Brullo &
Marceno) (Brullo, 1984) phytosociological association.

= Forest Degradation Index

2 (FDI)
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Figure 1. Decomposition of the Forest Degradation Index (FDI) into a hierarchy for each of the two investigated study-sites (Site

A, and Site B).
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The second study-site [Site B (SB)] “Bosco Pantano
Scuro”, falls in the Nebrodi regional Park (Sicily, Italy),
in a general natural reserve (category Il Dudley, 2008),
between 400 and 800 m a.s.l. (Figure 2). Rainfall usu-
ally occurs between September and March, with an
average of 876 mm per year. The average annual tem-
perature is 16.6 °C (datasets refers to 30 years). Ac-
cording to the bioclimatic classification of Rivas-
Martinez (2008), this site falls within the
oceanic-pluviseritonal Mediterranean bioclimatic unit,
lower meso-mediterranean thermotype, lower sub-
humid ombrotype. The geological substratum is made
up of Flysch (Lentini & Vezzani, 1974). Soils are clas-
sified as Typic Haploxeralfs/Typic and/or Lithic Xer-
orthents (Soil Survey Staff, 1999). The forest is domi-
nated by cork oak (Quercus suber L.), sometimes
mixed whit a holm oak (Quercus ilex L.), Gussone’s
oak [Quercus gussonei (Borzi) Brullo] and downy oak
(Quercus pubescens, Willd.). Phitosociologically it
refers to the Genistoaristatae-Quercetumsuberis
(Brullo, 1984) association.

Data survey

Based on a deep analysis of the specific scientific
literature, a selection of the most significant descriptive
parameters able to allowing a synthetic measure of
forest degradation has been carried out. In more details,
these parameters are able to express a gradient of eco-
logical functionality and characterized by a relative
ease of detection. With the aim to evaluate these pa-
rameters in two representative Mediterranean forest

Figure 2. Location of the two study-sites.
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types, in year 2011 surveys have been carried out in §
sample plots (4 per each study-site) based on qualitative
and quantitative criteria of the variables under inves-
tigation. Each sample plot of 2,500 m* (50 m x 50 m)
differs in functionality degree, with maximum degree
in sample Plot 1 and minimum degree in sample Plot 4,
for each study-site (SA, SB). These plots were subjec-
tively chosen to illustrate different degrees of degrada-
tion.

Indicators of Forest Degradation

A set of six indicators was defined to implement
FDI: Structural Index (SI), Canopy Cover (CC), Natu-
ral Regeneration Density (NRD), Focal Species of
Degradation (FSD), Coarse Woody Debris (CWD), and
Soil Depth (SD). Figure 3 shows the adopted sampling
scheme according to which data n indicators of forest
degradation were surveyed in all 8 sample plots.

Structural Index (SI)

The Structural Index (SI) measures the stratification
of trees (vertical distribution) according to different
layers and can be used in measuring biodiversity in
forest ecosystems (Kimmins, 1997; Barbeito et al.,
2009). In each sample plot, a structural transect of
70.7 m x 12 m (848.4 m?) was located (Figure 3). For
each tree falling inside the transect, the following pa-
rameters were collected: geographical position, DBH,
total height, the height-to-base of the live crown,

40 km

Legend
[_] Madonie Regional Park # Study Site A (SA)
I Nebrodi Regional Park # Study Site B (SB)
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4-crown radii (measured orthogonally in the N-S and
E-W directions). Stand structure according to the
Latham index was obtained using TSTRAT algorithm
(Latham et al., 1998). TSTRAT defines multiple cut-off
points based on tree heights and crown lengths and
assigns individual trees to a vertical stratum depending
on the relative position of tree crowns to these height
cut-off points as follow:

CPS=0.40 - CL + HBLC (1)

where:

CPS is the cut-off point per stratum;

CL is the crown length;

HBLC is the height-to-base of the live crown;
0.40 is a competition coefficient.

Canopy Cover (CC)

Canopy Cover (CC) is an important factor modulat-
ing solar radiation along stand profile up to the ground
level and involved in many ecological processes (McEl-
hinny et al., 2005). In the present research, CC was
calculated (in percent) by means of the Forest Vegeta-
tion Simulator (FVS) software (USDA Forest Service)
and corrected for crown overlap.

N P
N
4 \
4 \
4 \
4 \
4
® ® ® ! "
’ 4
c ’I ’
o ® &’ i
(3p) 4 'd
4 4
4 'd
[ [ " O] O] "
/| ¢
4 4
O] 1' /'E‘
’ 4
’ ’
4 4
AN fo — e -
4 4
4 4
I’ I’
E|, ? O]
4 4
4 4
4 2]
¢ [ B . O] O]
’ ' d
'd 4
’ ’
P ,’® ®
4
4 4
4 ,I
" =, O} O] O]
4
\ ’
\ ¢
\ 4
\ L4
\N 7
L ) L
A /1
50 m
—— Sample Plot D Canopy Cover (CC)

Focal Species of Degradation (FSD)
—— Coarse Woody Debris (CWD)
D Natural Regeneration Density (NRD)
® Soil Depth (SD)

=== Structural Transect
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Figure 3. Sampling scheme of the field surveys.
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Natural Regeneration Density (NRD)

The analysis of the functional efficiency of the NR
processes is a key element in assessing long-term
population growth perspectives. NRD was sampled
recording all tree species through systematic sampling
of parallel alignment of subareas every 10 m along each
alignment (5 subareas of 1 m?per alignment) (Figure
3). It is considered NR all the tree species grown from
seed with a DBH <2.5 cm (Mercurio, 2010). In each
subarea, the number of seedlings, the species, the total
height (in cm) was detected. Moreover, each subarea
has been classified according to the position: (¢) under
canopy cover; (0) open area; (e) edge.

Focal Species of Degradation (FSD)

Many species are sensitive to forest degradation, and
several examples are available about the effects of forest
change on species populations and habitat quality (Lin-
denmayer et al., 2002a; Lindenmayer et al., 2002b; Colles
et al., 2009). Some functional species (i.e. keystone spe-
cies) are also the important ones that carry out roles in
ecosystems affecting many other species, such that their
loss results in progressive changes (Terborgh & Estes,
2010) and can indicate forest degradation (FAO, 2011).

For both two study-sites phytosociological surveys
were carried out following the Braun-Blanquet (1964)
method and its conventional scale of cover-abundance
(+: very poor coverage, 1: <5%, 2: <5-25%, 3: 25-50%,
4: 50-75%, 5: coverage >75%). Every syntaxon was
then classify as “focal species”, if typical of that as-
sociation, or “unrelated species” if not.

To evaluate the real CC degree and therefore domi-
nance/presence of the species, we proceeded to add
together the individual degrees of coverage of the two
types of species making then the ratio of the total using
the following formula:

1_ Y F-Y nF .
Y F-Y nF
where:

F is the sum of the coverage of focal species;
nF is the sum of the coverage of the unrelated species.

Coarse Woody Debris (CWD)
Coarse Woody Debris (CWD), one of the Pan-Euro-

pean indicators for SFM (MCPFE, 2007), is increas-
ingly used as an indicator for the assessment of biodiver-
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sity and forest ecosystems functionality (McComb &
Lindenmayer, 2001; Humphrey et al., 2004). CWD
consists of branches, stumps, stems of dead trees and
shrubs that have fallen and lie on the ground (Zhou et al.,
2007) and was estimated with the line intersect method
(Van Wagner, 1968). Sampling was conducted along 9
sample lines of 30 m length (Figure 3). With reference
to each piece of wood intersecting the sample line, only
logs with a diameter >2.5 cm were recorded (length and
diameter were detected). The CWD volume per hectare
was calculated according to the following formula:

_7r2 C

4 d?-10000 3)

i=1

where:

V is volume of wood per hectare [m® ha''];

n is the number of intersecting logs;

L is the length of the j-th sample line [m];

d is the diameter of the log where the sample line in-
tersects the log [m];

10,000 is a correction factor [m? ha'].

Soil Depth (SD)

Soil Depth (SD) has a great importance on forest
functionality and growth in the Mediterranean area
(Romanya & Vallejo, 2004). One of the direct effects
of SD concerns the greater or smaller quantity of stor-
able water exploitable by the root (Dezi & Magnani,
2007), so that plant growth is directly influenced by
soil water status (Campbell, 1985). Following the sam-
pling scheme used for NRD, in each subarea SD was
measured (in cm) through a soil auger.

The Forest Degradation Index (FDI)

The proposed FDI was tested and validated in two
study-sites corresponding to two different Mediterra-
nean forest types. The aggregation process of the
above-mentioned parameters included in the FDI was
carried out through the AHP, and differentiated for each
of the two forest types investigated in the present re-
search. Normally, in an AHP procedure, the decision
problem is decomposed into a general objective, a set
of criteria that specify the general objective decom-
posed into sub-criteria, and, finally, to the lowest level
of the hierarchy, the decision alternatives to be evalu-
ated. In Figure 1, a decision tree showing the decom-
position of FDI into a hierarchy has been provided.

FDI was implemented according to the following
four steps.

Forest Systems

Step 1. Weighting of indicators by means of AHP

Following the AHP method, to derive indicators’
weights, judgments provided by the experts are organized
as numeric data in a positive reciprocal matrix A (the
PCM). Therefore, in a PCM if the priority of element i
compared to element j is w; (relative weights), the prior-
ity of element j compared to element i is 1/w;. The prior-
ity of an element compared to it, is equal to 1 U (a; = 1).
So that, for a matrix of order n (where n is the total
number of compared elements/criteria, also correspond-
ing to the number of row/columns), (n (n—1)/2) com-
parisons are required. The PCM is created starting from
the PCs provided by the experts’ judgments. In formula:

a4y Qp 4y,
a a oo a

A= 21 22 2n (4)
anl anZ ann

where
a; represents the PCs rating for attributes i and j.
Each expert makes a judgment w;; of all pairs of the »
elements that include in the PCM as a number (a;) fol-
lowing the Saaty’s fundamental scale of absolute numbers
(Saaty & Shang, 2011). In this scale, values range from
1 (indifference) to 9 (extreme importance, preference or
likelihood); when compromise is needed, intermediate
values 2,4,6,8 must be used (Saaty, 1977; Saaty, 1980;
Saaty & Vargas, 2011; Saaty, 2013). In order to derive
priorities, the eigenvector method has been proposed by
Saaty (1980), in which the local priority vector w = (wy,...,
w,) is obtained by solving the equation Aw = A,,,w, where
Anax 18 the principal eigenvalue of the PCM. If all judg-
ments are perfectly consistent, then a; = a;ay for all i,j,
k =1,2,...,n. In practical problems with a large number of
criteria/alternatives, PCMs quite inconsistent are gener-
ally obtained. The degree of deviation from consistency
of judgments is measured by means of a Consistency
Index (CI) proposed by Saaty (1980):

A

‘max

n—1

cr=Lm "7

)

To obtain the Consistency Ratio (CR), the value of
CI shall be divided by a correction value, the Random
Index (RI) depending on the number of elements being
compared. RI is the consistency index of a randomly
generated PCM. In formula:

e

CR=—
RI

(6)
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If the value of CR<0.10, the judgments expressed
by the experts are consistent, otherwise it is necessary
to revalue the PCM.

In this first application, two PCMs (one for each of
forest types under investigation) were implemented.
Considering that AHP supports group-DM through
consensus (e.g., with the work of a facilitator), as well
as by aggregating the individual PCMs, a consultation
by means of a focus group of experts is expected in
FDI implementation. Following the Aggregating Indi-
vidual Judgment (AlJ) approach of Forman & Peni-
wati (1998), individual preferences/judgments pro-
vided by each expert are aggregated by means of a
geometric mean. To this end, only consistent PCMs
should be considered in the aggregation, excluding
those not consistent (CR>0.1).

Step 2. Data normalization

Considering that the sox forest degradation indica-
tors defining the FDI have different measurement
scales, for their further processing a standardization
procedure in a defined range of values is required. In
the present research, the so-called Min-Max normaliza-
tion technique has been used. This approach is suitable
to find the best operating condition in cases where are
known the limits of the scores produced by the variable
(Min and Max values). Given a set of values {s;},
k=1,2,....n, the normalized scores are given by:

s—min{sk}
’

° T max {sk}— min{sk}

(N

The Min-Max distribution resultant maintains
original distribution of the scores except for a scale
factor, and shows all the scores in a common range
[0, 1].

Step 3. Data aggregation

In order to obtain the FDI, the WLC method (Weight-
ed Linear Combination) was applied for each of the
two PCMs. Therefore:

n=6

FDI=10-) x;-w; )

J=1

where:
10 is a correcting factor so as to obtain a [0, 10] range
for the FDI;

Forest Systems

n=6 is the number of input variables (i.e. the six indi-
cators of forest degradation);

x; indicates the normalized value that the variable j-th
assumes (i.e. each of the six forest indicators);

wj is the weight of each indicator of forest degradation
obtained following the AlJ approach and normalized
so that the sum is equal to 1.

Step 4. Data classification

In this final step, the results were classified into four
classes ranging from I to IV, and each representing a
different condition of ecological functionality:

~1[8-10];
~ 11 [6-8];
~ 111 [3-6];
— IV [0-3].

A forest fallen in the FDI-I class shows a good eco-
logical functionality while a forest fallen in the FDI-IV
class can be defined as ‘degraded’.

Results
Site Analysis

The dendrometric characteristics (Table 1) vary
between Plot 1 (higher functional levels) and Plot 4
(lower functional levels) of the two study sites. The
Stems density (St) ranges from 428 to 224 ha™! in SA,
with the minimum value higher than the ones found by
Portoghesi et al. (2005) for Turkey oak woodlands
(Q. cerris L.) of central Italy. In SB, St ranges from
352 to 124 ha’!, far below the values found for other
cork oak woodlands (Aronson ef al., 2009; Barreca et
al., 2010; Rives et al., 2012).There is a marked de-
crease in G ha' (from 21.6 to 7.6 m?) in SA with values
below the minimum level of 13.1 m? found for the same
species in France (Bergés et al., 2005; Berges & Bal-
andier 2009). In SB values decreased from 23.7 to
2.7 m?%. Other authors reports 49.3 m? of G ha' (Bar-
reca et al., 2010) for cork oak woodlands in Italy and
23.9 m? in Morocco (Ajbilou et al., 2006). Volume per
hectare (from 278.6 to 72 m® in SA and from 191.2 to
10.1 m* in SB) is, in most of the plots, far below the
minimum value of 250 m?® (Agrimi et al., 1991) and
396 m* (Portoghesi et al., 2005) founded for other oaks
woodland in Italy.

Analyzing the results of the six indicators included
in the FDI, coming from the surveyed two study- sites
(Table 2), it is possible to note how in SA-1 and SB-1
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the highest values of NRD were detected (respectively,
6.2 and 10 seedlings m™) and so the stand can be con-
sidered well regenerated and therefore able to perpetu-
ate itself, as well as report Kelly (2002), Adam et al.
(2013) and Ligot et al. (2013) for sessile oak stands
and Aronson et al. (2009) for cork oak stands. Over-
grazing and human disturbances (such as the removal
of dead wood and illegal cuts) lead to the depletion of
the floristic composition and the presence of synan-
thropic species such as Asphodelus ramosus L., Urtica
dioica L. e Pteridium aquilinum (L.) Kuhn detected in
SA-4 and SB-4 where NR is absent. This indicates that
impacts are significant, or that the disturbances, if re-
peated over time, can drastically affect the net growth

rates which leads to strong negative effects on recruit-
ment and adult survival of trees. Disturbance can be
clearly highlighted analyzing the trend of the FSD
indicator. In fact, the increase in percentage of coverage
(and therefore presence) of the FSD, which is clear in
SA-4 and SB-4, coupled with a marked decrease in the
presence of typical species of the two forest types
(Table 2). Most of the species found in the herbaceous
and shrub undergrowth, are typical of open spaces or
at least of regressive ecological phases (Manning et al.,
2013).

Deep soils favor NR and long-term growth of forest
vegetation (WDNR, 2011). In that sense, low values
of SD founded in SA-4 and SB-4 (1.5 cm) can be con-

Table 1. Topographic and dendrometric characteristics of the eight sample plots surveyed in the two study-sites (SA, Study-
site A; SB, Study-site B). St: Stems density; G: Basal area; h: Height (min) average (max); DBH: Diameter at Breast Height

(min) average (max); V: Volume; +: standard deviation.

Plot l?xl:fvaa;lf? Aspect [n"sl:a"] [mz(l;la"] [11:1] ][)c?n}]l V [m’ ha'l
SA-1 1381 SE 428 21.6 (5'5)3_'75 e @ 352(87) 278.6
SA-2 1310 N 912 304 2) izz'ézo) 3) i(z)él. 6(95 ) 2722
SA-3 1322 N 727 13.3 3 )ié)_ﬁm) 3 );155258) 83
SA-4 1334 N 224 7.6 (6)::"(71 D ) 1i5é.19(25 ) 72
SB-1 600 NW 352 23.7 (3:5) i21_§13'3 ) ®) 237'.35(40) 191.2
SB-2 670 NW 408 14.2 (I'S)isl '(910'2) (4)£61'§34) 58.5
SB-3 660 SW 280 15.5 (4'217.3(10) (13) igg (40) 61.6
SB-4 500 S 124 2.7 S '1)0_77(8) (4 i?'_g (20) 10.1

Table 2. Forest degradation indicators of the eight sample plots surveyed in the two study-sites (SA,
Study-site A; SB, Study-site B). SI, Structural Index; CC, Canopy Cover; NRD, Natural Regeneration
Density; FSD, Focal Species of Degradation; CWD, Coarse Woody Debris; SD, Soil Depth

Plot SI CcC NRD FSD CWD SD
[n® strata] [%] [n° seedlings m?] [m? ha'] [em]
SA-1 2 81 6.2 0.9 20.2 90
SA-2 5 100 4.1 0.79 12.7 40
SA-3 2 100 3.6 0.77 3.7 10
SA-4 1 20 0 0.87 0.9 1.5
SB-1 3 85 10 0.69 40 40
SB-2 5 70 0.51 31 22
SB-3 4 50 0.16 15 10
SB-4 2 10 0.18 1 1.5

Forest Systems
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sidered critical. In fact, seeds, once fallen on the ground
do not find the conditions to germinate and grow. In
addition, it should also consider the loss of seed caused
by bird predation and overgrazing. SI indicator is 1 in
SA-4 and 2 in SB-4 (Table 2), where structure is
greatly simplified due to the lack of a vertical articula-
tion of the tree layer and for the absence of a shrub
layer. These two plots have also a low degree of CC,
20 % in SA-4 and 10 % in SB-4, which corresponds to
the minimum threshold in discriminating a forest ac-
cording to FAO (2001).

The amount of CWD is equal to 0.9 m* ha! in SA-4
(Table 2), below the threshold of 134 m® ha'! found in
sessile oak woodlands (Petritan et al., 2012), 91.4 and
214.2 m® ha'' (Schnitzler & Borlea, 1998; Wijdeven,
2004) in mixed woods with beech; in SB-4 is equal to
1 m® ha'! (Table 2), even this less than 65.4 m® ha'!
(Carvalho, 2011) and 83 m® ha™! reported by Manning
et al. (2013). Both plots do not exceed the minimum
threshold of 10 m? ha™', indicated by Vallauri (2005)
for the forests of the Central-Southern Italy.

Application of the Forest Degradation Index (FDI)

As reported in the Material and methods section,
considering significant ecological and silvicultural dif-
ferences of the two forest types investigated in the
present research, a different AHP procedure has been
implemented for each of them. With the objective to
discuss the general aspects of the problem and to assign
judgments to PCMs according to the goal, in this first
application, a focus group has been organized with 10
experts in the field of Ecology, Geobotanic, Silviculture

and Rural Landscape Planning. The discussion among
experts allows us to evaluate and to share the relative
importance of the considered factors in determining the
FDI for both forest types investigated. At the end, all
experts participating in the discussion expressed their
own preferences each filling out a PCM. At the end, one
PCM for sessile oak and three for cork oak were not
consistent (CR>0.1), and therefore excluded from the
aggregation. Therefore, individual PCMs for each of
the two oak species under investigation were aggre-
gated by means of the AlJ approach (Forman & Peni-
wati, 1998), and the following parameters were obtained
(Table 3): the importance weight of each indicator, the
Consistency Index (CI) and the Consistency Ratio (CR).

As reported in Table 3, good values of these indices
have been obtained: CI = 0.004 and CR = 0.003 for
SA; CI = 0.005 and CR = 0.004 for SB. The eigen-
value A, to which corresponds the normalized vector
of weights, is equal to 6.022 for SA and 6.027 for SB.
The sum of the parameters value, multiplied by their
importance weight, has provided a final value of the
FDI for each plot of each site, according to the follow-
ing general formulas:

Sessile oak (Site A)

FDI=[SI-(0,17)] + CC-(0,16) + NRD - (0,14) +
+ FSD-(0,22)] + CWD - (0,19) + SD - (0,12)]
Cork oak (Site B)

FDI=[SI-(0,12)] + CC-(0,16) + NRD-(0,15) +
+ FSD - (0,21)] + CWD - (0,20) + SD - (0,16)] (19)

Table 3. Preferences and ranking of the six indicators of the Forest Degradation Index (FDI) coming from the two Pairwise
Comparison Matrices (PCMs): Sessile oak (Site A) and Cork oak (Site B)

Sessile oak (Site A - SA)

Cork oak (Site B - SB)

Indicators Weighted Sum Normalized Weighted Sum Normalized
Vector weight Vector weight

(ST) — Structural Index 1.036 0.17 0.723 0.12
(CC) — Canopy Cover 0.9816 0.16 0.966 0.16
(NRD) — Natural Regeneration Density 0.8639 0.14 0.891 0.15
(FSD) — Focal Species of Degradation 1.3168 0.22 1.264 0.21
(CWD) — Coarse Woody Debris 1.1158 0.19 1.211 0.20
(SD) — Soil Depth 0.7085 0.12 0.970 0.16
Amax — Lambda max 6.022 6.027

CI — Consistency Index 0.004 0.005

CR - Consistency Ratio 0.003* 0.004*

* CR < threshold defined value (0.10 for matrices with n > 4).

Forest Systems

December 2015 * Volume 24 ¢ Issue 3 * €037



10 Giuseppe Modica, Angelo Merlino, Francesco Solano and Roberto Mercurio

Discussion and Conclusions

According to the overall priority rating obtained by
the AHP, FDI are sensitive mainly to two indicators,
FSD and CWD. For example, in SA-4 and SB-4, as it
results from the findings, high values of FSD coupled
with the absence of NR and with a shallow soil affect
the possibilities of success in regeneration dynamics,
leading to a final value of FDI, which reaches the low-
est values. This dynamic leads to a loss of functional-
ity in agreement with what was found also by Dezi &
Magnani (2007), Simula (2009) and FAO (2011). High
levels of FDI correspond to high levels of ecological
function and therefore a good chance of perpetuation
over time. A forest fallen in the FDI-IV class can be
defined degraded. Degradation occurs in SA-4 and in
SB-4 where the lowest values (qualitative and quanti-
tative) of the indicators were recorded and the FDI
reach the minimum value (Class IV) (Figure 4).

Forest degradation is an arising topic issue in SFM.
However, a rigorous evaluation to define the severity
(especially at spatial large scales) (ITTO, 2002) is still
lacking, also because of the different evaluations and the
complexity characterizing these assessments. Although

Figure 4. Study-site A (left) and Study-site B (right). SA-1 and
SB-1): Plots where Forest Degradation Index (FDI) reached the
highest values (I class); SA-4 and SB-4): Plots where FDI
reached the lowest values (IV class).

Forest Systems

there are many definitions of forest degradation that
converge on the loss of ecosystem services (Simula,
2009), still today there are no largely accepted methods
that give operational guidance to help in assessing it.

With specific reference to forest management,
MCDA methods have been applied to better meet the
many challenges that forest management is facing in
evolving towards sustainable management/adaptive
management (Kangas & Kangas, 2005; Ananda &
Herath, 2009). These techniques can usefully contrib-
ute in SFM by facilitating collaborative DM and con-
flict resolution and a large number of operational ex-
periences can be found in literature. Among these, due
to the ease of application coupled with flexibility and
transparency in its implementation, applications based
on AHP demonstrated an actual proliferation in the last
two decades. Using an AHP-MCDA approach it was
possible to consider more elements at the same time
considering the functionality of a forest ecosystem from
an ecological and silvicultural point of view and over-
coming the problem of working with individual indica-
tors, which do not permit a complete analysis of the
variables that lead to degradation. The AHP has allowed
both the interaction than the feedback within the set of
variables (internal dependency) and among variables
(external dependency). This feedback loop better re-
flects complex interaction effects in human society,
especially when the risk and uncertainty are involved.
The methodology has provided a way to combine
evaluations and measurements to derive the scaling of
the priorities for distribution of the influence of each
parameter in the decision.

FDI here presented and discussed after its first ap-
plication and validation in two Mediterranean forest
types, has proved to be a useful tool at stand level in
identifying a threshold value below which a forest
subjected to a regime of continuous and repeated dis-
turbances loses its ecological functionality and natural
resilience, and therefore can be termed as ‘degraded’.
Therefore it can be also useful in detecting the causes
of degradation and the “tipping point” beyond which
processes become irreversible if nothing is done. In
addition, there is the possibility that the index can take
a double biological meaning: as a Degradation Index
(DI) for determining the threshold of ecological func-
tionality and, in contrast, as a Restoration Index (RI)
to evaluate increasing levels of functionality. In turn,
the FDI assumes the meaning of descriptor of the eco-
logical functionality. Furthermore, through the FDI it
is possible re-defining a forest type joining, if neces-
sary, the appropriate adjective “degraded”, thus iden-
tifying those which require forest restoration practices.
In this direction, FDI can represent a useful tool in
defining planning actions leading to an effective SFM.
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The proposed index that will be further refined in
other forest types applications as well as further mon-
itoring the two study-sites, can be considered advanta-
geous both for its ease of application and the relative
simplicity of the surveys to be made for the establish-
ment of each indicator considered in the FDI calcula-
tion. Future development of the FDI will provide an
extension of the application at landscape scale exploit-
ing the potential advantages in coupling MCDA and
GIS (Geographical Information Systems) techniques
in the DM process. Moreover, a WebGIS platform al-
lowing accessing to data and maps of the project
through the Web will be provided. One of the most
recognized advantages of this methodology is in pro-
viding a very useful tool that improves land planning
and decision making also by favoring the e-participa-
tion of citizen since the earlier stages of the planning
process (Pollino & Modica, 2013). In this direction,
another development direction will deal with the in-
volvement of local communities in order to improve
public participation in forest management and planning.
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