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Green infrastructure and protected areas: A study concerning
Sardinia’

Sabrina Lai, Federica 1 eone, Corrado Zoppi

Abstract

According to the European commission, green infrastructure (GI) is
conceived as a strategically planned network of natural and semi-natural areas.
This definition highlights three important issues: environment protection,
ecosystems multifunctionality and ecological connectivity. Building upon a
methodology that identifies a Sardinian regional GI in relation to four values
(conservation value, natural value, recreational value and landscape value), this
study aims at assessing the suitability of areas situated within and outside
protected areas’ boundaries to be included in the above-mentioned Sardinian
regional GI. In relation to conservation value, outcomes reveal a higher
suitability of patches situated within protected areas to be included in the
regional GI, whereas in relation to the other three values, the behavioral patterns
are less evident. These results suggest specific policy recommendations such as
mitigation of land-taking processes, increase of Natura 2000 Network’s size,
accurate identification of landscape goods, and improved accessibility to sites
characterized by outstanding natural beauty.

KEYWORDS: green infrastructure; ecosystem services; Natura 2000 Network;
environmental planning,

1. Introduction

This study builds upon a methodology applied in previous studies by
Arcidiacono et al. (2016) and by Lai and Leone (2017), which both map a
regional GI taking an Italian region as a case study. In the former, a GI for
Lombardy was identified as a multifunctional GI taking into account three
values: natural value, recreation value, and landscape value. In the latter, a

! This chapter is extracted from: Lai S., Leone F e Zoppi C. (2018), “Implementing green infrastructures
beyondprotected ateas”, Sustainability, vol. 10, 3544; doi:10.3390/su1010354413
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Sardinian GI was identified based upon four factors, i.e., adding to the three
values used in Arcidiacono et al. (2016) a fourth layer accounting for
conservation value.

Conservation value (VAL_C) is based on the presence of areas whose natural
characteristics are particularly important because hosting habitats rare,
endangered, or representative of European biogeographical regions (i.e.,
habitats of community interest under the provisions of the Habitats Directive
(no. 93/43/EEC)). Such habitats are meant to be maintained ot restored in a
favorable conservation status, and their presence calls for the designation of
Natura 2000 sites, when criteria listed in Annex III of the Habitats Directive
(concerning representativity, size, conservation status, and significance of the
site) are met. According to a recent study (SALOMAAET AL. 2017) carried out to
explore Finnish experts’ perceptions on GI implementation, the importance of
Gl in relation to biodiversity conservation has been emphasized by the majority
of respondents. Moreover, GI can contribute to the reduction of habitat
fragmentation which is one of the primary causes of species extinction (WEBER
ET AL., 2000).

Natural value (VAL_N) is related to biodiversity’s capacity of providing
ecosystem services (ES); hence, it implies ecological integrity and current levels
of ecosystem functions, key to supplying human-demanded ES. As such, under
the Millennium Ecosystem Assessment (2003) classification it would be
categorized under the supporting services group. In the literature, trade-offs
between ES are often analyzed and assessed through land use/land cover
changes (SHARMA ET AL., 2018; POLASKY ET AL., 2011; YANG ET AL., 2018).
For example, Yang et al. (2018) studied the impacts of land use changes on ES
trade-offs in the case of Yahne watershed in the Loess Plateau, China. In
particular, their study investigates land use patterns that mitigate conflicts
between food supply and conservation measures in order to be included within
future restoration policies.

Recreation value (VAL_R) concerns the landscape attractiveness for
recreational activities. Landscapes and natural habitats are accounted for when
choosing holiday locations or doing outdoor activities (prominently, active
tourism), thus they positively affect both local communities’ and tourists” quality
of life and wellbeing, while also benefitting local economies. Therefore,
recreation value accounts for cultural ES, as classified by the Millennium
Ecosystem Assessment (2003). In the literature, recreation value is assessed
through monetary analyses (SERKAN, REHBER, 2008; MARTIN-LOPEZ ET AL.,
2009; LANKIA ET AL., 2015; MAYER, WOLTERING, 2018) or through non-
monetary analyses (HEAGNEY ET AL., 2018; FONT, 2000; RALL ET AL., 2018). In
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the last decades, non-monetary methods based on social media approaches have
been used to assess recreation value (WOOD ET AL., 2013; SONTER ET AL., 2016;
HAUSMANN ET AL., 2018). For instance, Cunha et al. (2018) evaluated recreation
services combining social media-based methods (using the InVEST recreation
model) and official data sources in the Northwest coast of Portugal.

Finally, Landscape value (VAL_L) accounts for the interactions between
natural and human factors that have shaped European cultures, as per the
European Landscape Convention, and it is here assessed based on the
endowment of natural and cultural resources, which are identified as landscape-
related goods by the Italian Code on cultural goods and landscape (Law enacted
by decree no. 2004/42). Vatious authors have highlighted the importance of
landscape value within spatial planning (ZOPPI, LAI, 2010; ORANTES ET AL.,
2017) and also in relation to the definition of GI (ARCIDIACONO ET AL., 2010).

Once a regional GI is identified, the eligibility of areas located inside and
outside protected areas (national and regional parks, sites protected under the
provisions of the Ramsar Convention and sites belonging to the Natura 2000
Network, identified with reference to the Habitats Directive and to the Birds
Directive (no. 2009/147/EC)) are assessed on the basis of the four factors
indicated above.

The discussion on the relationship between the regional GI and protected
areas provides important insights concerning the definition and implementation
of spatial planning policies aimed at increasing the ecosystems’ capacity of
providing services by spreading environmental protection beyond the
boundaries of protected areas, and by proposing a holistic planning approach
based on the implementation of the regional GI.

The study is structured as follows. The next section describes the
methodological approach and the regional context for its implementation. The
third section shows the results concerning the spatial taxonomy of the eligibility
of areal units to be part of the Sardinian regional GI, on the basis of the four
factors indicated above. In the final section, the outcomes and proposed
directions for future research are discussed.

2. Materials and Methods

The Sardinian region, an Italian island of approximately 24,000 km” in size,
is here taken as a case study. Protected areas (which include national parks,
regional parks, Natura 2000 sites, and wetlands of international importance,
hereinafter ‘Ramsar sites’) concern around 19% of the island’s land mass. Since
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2000, a Regional Landscape Plan (RLP) is in force; such plan does not contain
any provisions for a regional GI.

As Fig, 1 shows, two national parks, four regional parks, five marine protected
areas, 125 Natura 2000 sites and eight Ramsar sites are included in the study
area.

As stated in the introduction, VAL_C accounts for the presence of natural
habitats regarded as worth preserving in a favorable conservation status by the
European commission. VAL_C is here computed following the methodology
provided in a regional report (CRITERIA; TEMI, 2014a), where habitats of
community interest are classed and prioritized with a view to defining a regional
monitoring plan. VAL_C is assessed only in those areas where habitats of
community interest have been identified, as:

1) VA, C=Px R+ T+K)
where:

- P stands for priority; it accounts for the presence and significance, in a
given land parcel, of habitats of community interest as listed in Annex
I of the Habitats Directive, and can only take three values: P = 0 if no
habitats of community interest are present (which also entails that in
such cases VAL_C = 0); P = 1.5 in case of a priority habitat (these are
defined as natural habitat types in danger of disappearance, calling for
an early implementation of conservation measures, and marked with an
asterisk in Annex I of the Habitats Directive); P = 1 otherwise;

- R stands for rarity and, for each habitat, it is quantified based on the
habitat’s occurrences within the Sardinian Natura 2000 standard data
forms, normalized in the (1-5) interval. The fewer the occurrences, the
higher R is;

- T stands for threats and is quantified based on the number of threats
listed in the regional Natura 2000 standard data forms, normalized in
the (1-5) interval. The more the threats for a given site, the higher T;

- K stands for knowledge, which was assessed, for each habitat, by experts
in the field of natural conservation within a regional monitoring
program (CRITERIA; TEMI, 2014b) by using qualitative judgments
(good, acceptable, sufficient, poor). In this study, the qualitative score
was next turned into a quantitative one, within the (1—4) interval. The
maximum achievable score is lower than those of both R and T to take
into account the subjectivity embedded in the experts’ judgments.
Incorporating expert knowledge in assessing ecosystem values and
services is a common approach that can be found, for instance, in
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Burkhard et al. (2009; 2012), or in de Groot et al. (2010). The lower the
level of knowledge on a given habitat, the higher K is, because, in line
with the precautionary principle, low knowledge on a certain habitat’s
spatial distribution and conservation status calls for greater attention and
stricter conservation measures.

4
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Fig. 1 - Study area.

As for the spatial identification of the regional GI, the methodology
developed by Lai and Leone (2017) is applied here. Hence, four factors (VAL_C,
VAL_N, VAL_R, VAL_L) representing the landscape’s multifunctional character
are calculated and mapped using GIS.

As a result, VAL_C can range between 0 (where no habitats of community
interest are present) and 21. The values were next normalized in the (0—1) interval.
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VAL_N is assessed and mapped using the ‘Habitat quality’ model of the
‘InVEST’ software program and ranges between 0 and 1. Input data used to feed
the model are provided in Tab. 1.

VAL_R was assessed and mapped using the InVEST model “Visitation:
recreation and tourism’, which harvests data from the social media Flickt, whose
users can upload georeferenced pictures. The area of interest is fed into the
model, which next calculates the ‘photo-user-day’ (PUD), i.e., the total number
of pictures uploaded by each single user in a certain cell (whose size is set by the
modeler) and in a single day. PUD was assessed within cells of 500*500 meters
and considering pictures uploaded between 2010 and 2014. VAL_R equals PUD
normalized in the (0-1) interval.

VAL_L refers to landscape assets as listed in, and protected by, the RLP. For
each type of asset, a score ranging from 0 to 1 was assigned by experts. The
higher the score, the stricter the rules provided within the plan to preserve that
specific type of asset, and hence the higher the landscape value implied within
the plan. In the event of overlapping landscape assets, the score corresponding
to the strictest protection level in that area was assigned.

Tab. 1 - Input data used for the Habitat quality model, data used and authors’ elaborations
Reguired Input Data Used

Regional vector land cover map produced by the Regional
Land use/land cover S o .
administration of Sardinia in 2008, third level of the CORINE
ma

P nomenclature, rastetized.

A list of threats to biodiversity, identified on the basis of
Natura 2000 standard data forms pertaining to Sardinian
) Natura 2000 sites. To each threat, a weight and a distance decay
Threats to habitats . ) :
were assigned based on the outcomes of a survey involving five
selected experts in the field of biodiversity and environmental

assessments.

A raster map showing the spatial distribution of each of the 10
Impact sources .
above-mentioned threats.
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A vector map describing accessibility to sources of degradation,
under the assumption that the stricter the legal/institutional
protection, the lower the accessibility. On this basis, the

o following three protection levels were mapped: regional and
Accessibility to sources ) .
. natural patks, together with public woods managed by the
of degradation . . . -
Regional forestry agency (highest protection level: accessibility
set to 0.2); Natura 2000 sites (intermediate level: accessibility
set to 0.5); and the remaining part of the island (lowest level:

accessibility set to 1).

A matrix listing land cover types (third level of the CORINE
taxonomy) in the first column; for each land cover, a (0-1)
Habitat types and score of its suitability to be regarded as habitat (second
sensitivity of each habitat | column), and a (0-1) score of its sensitivity to each of the 10
to each threat above-mentioned threats (31 to 12% column) is given;
sensitivity levels were assigned through an expert-based

approach.

Half-saturation constant Default value (i.e., 0.5).

VAL_C, VAL_N, VAL_R, and VAL_L, all taking values between 0 and 1, were
mapped and summed using GIS techniques, which returned a map showing the
total value (VAL_T), ranging from 0 to 4.

This study aims to assess whether and how each of the four values affects
the suitability of areas (within or outside protected areas) to be part of a regional
GI. To this end, two macro-categories were differentiated: a) natural protected
areas (including national parks, regional parks, Natura 2000 sites, Ramsar sites);
b) the rest of the island (unprotected areas). Among natural protected areas,
marine protected areas were not included because the analysis only concerns
terrestrial areas. VAL_T occurrences were arranged into tertiles. For both macro-
categories (l.e., natural protected areas and unprotected areas), for each VAL_T
tertile and for each of the four values (i.e., VAL_C, VAL_N, VAL_R, and VAL_L),
parcels showing null values were observed and the percentage of their area with
respect to the total area of the macro-category in the tertile was calculated. For
both macro-categories and for each tertile, the means, medians and standard
deviations of each of the four values were also taken into account.

This study focuses on the definition of spatial planning policies aiming at
enhancing the environmental quality of the Sardinian region by increasing the
size of the regional GI. These policies concern areas that are not eligible to be
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part of the regional GI, that is, the patches taking null values in terms of VAL_T.
These areas are targeted for improvement in their present status of non-
eligibility in order to increase the size of the regional GI, and, by doing so, the
dissemination of its beneficial effects. Results, discussion and conclusions
compare the outcomes related to VAL_T and its four determinants with regards
to protected and unprotected areas, and identify policy recommendations taking
account of the findings coming from this comparative assessment, based on the
analysis of the spatial taxonomy of null values of VAL_T.

3. Results

The outcomes of the analysis are provided in Fig, 2 and 3, and Tab. 2.

The three smaller frames on the right-hand side provide, at the local scale,
some examples concerning (top to bottom) VAL_C, VAL_L, and VAL_N. As for
VAL_C, the detailed map makes it evident that in the surroundings of Bosa (a
historic town in north-west Sardinia, a quite renowned tourist destination), large
patches of habitats of community interest are located between two protected
areas (namely, SAC ITB020041 ‘Entroterra e zona costiera tra Bosa, Capo
Marargiu e Porto Tangone’ and SAC ITB020040 “Valle del Temo’ to the left, and
SpA ITB023050 ‘Piana di Semestene, Bonorva, Macomer e Bortigali’) outside
their boundaries. Thus, such habitats currently do not enjoy any protection
under the Habitats Directive.

With regard to VAL_L, the detailed map shows that inside the SCI ITB041112
‘Giara di Gesturi’, a basaltic plateau in the inner part of the island, known for
its temporary ponds, cork trees, and wild horses, some small patches of land
taking high values of VAL L can be found. These mainly refer to ‘nuraghi’,
prehistoric megalithic buildings that date back from the second millennium B.C.
to the Iron Age (DE MONTIS, CASCHILI, 2012) and that are a distinctive feature
of Sardinian prehistoric culture. Only some rough estimates of the total number
of nuraghi in the whole of Sardinia are available, ranging from around 7000
(BLAKE, 1998) to more than 7000 (MINCHILLI, TEDESCHI, 2017) to more than
8000 (RENDELL, 2017), with many either incorrectly located or not unearthed
yet. Finally, the third frame concerns the area between the Sc1 ITB041105
‘Foresta di Monte Arcosu’ (partly included in a regional park) to the left and the
SAC ITB040023 ‘Stagno di Cagliari, Saline di Macchiareddu, Laguna di Santa
Gilla’ (partly designated also as SPA), in the outskirts of the island’s capital city,
Cagliari, to the right. As the detailed map shows, while inside the two protected
areas, VAL_N takes very high values, between the two protected areas low values
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can be found. This is mainly due to three reasons: first, the land cover, when not
artificial, is seminatural as opposed to natural; second, the high accessibility due
to the presence of main road infrastructure; and third, the presence of a large
industrial site, including an incinerator, a windfarm, a saltpan, and what remains
of industrial buildings and activities installed in the second half of the 20th
century.

D Protected areas
VAL_C
000-0,10

B 0.1 - 100

G Protected areas
VAL_L
0,00-050

. os: 100

| [ Protcted armas
VAL_N
000-0,50

< o5 100

[ Protected amas
Total Value (VAL_T, tertiles)
[ looo-100
- — 001012157
lulometers [ BELEREL)

0 15 30 60

Fig. 2 - Spatial distribution of the total value (VAL_T), classed into three tertiles (left); some local examples
concerning VAL_C (a), VAL_L (b), and VAL_N (c) (right)

In Fig. 3, the spatial layout of the four values (VAL_C, VAL_N, VAL_R, and
VAL_L) is provided; for each wvalue, null and non-null occurrences are
differentiated. Furthermore, in each frame, the protected areas’ boundaries are
also shown, so as to qualitatively appreciate differences in each value’s
occurrences within and outside protected areas. For instance, VAL _N’s null
occurrences can generally be found outside protected areas; this also applies to
VAL_C, but, contrary to the previous case, null occurrences largely prevail over
non-null ones.
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[: Protected areas
P VAL x=0

VAL x>0

Fig. 3 - Spatial distribution of VAL_N, VAL_C, VAL_L and VAL_R showing patches having null and non-
null values

Table 2 shows the quantitative results of the analysis, grouped into the two
macro-categories of natural protected areas and unprotected areas (first column);
for each, the results are further grouped according to VAL_T tertiles (second
column). Next, let us denote VAL_x as any of the four values (i.e., VAL_C, VAL_N,
VAL_R, or VAL_L): in the third column, for each macro-category and for each
tertile, some descriptive indicators are provided: VAL_x’s mean value, median and
standard deviation; number of patches taking the null value of VAL x together
with the percentage of patches with reference to the total number of patches
belonging to the corresponding macro-category and tertile; total area of patches
taking the null value of VAL_x together with the percentage of the area taking the
null value of VAI_x with reference to the total area included within the
corresponding macro-category and tertile.
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Tab. 2 - Mean value, median, standard deviation, number and total area of patches with null value,
percentage of the number and of the total area of patches with null value in relation to, respectively,
the total number and total area of patches in the reference tertile, for both natural protected areas
and unprotected areas and for each of the four values

VAL _C VAL N VAL _R VAL L
Natural protected areas (467,635.13 ha)
mean 0.13 0.55 0.002 0.11
median 0.00 0.50 0.00 0.00
standard deviation 0.17 0.33 0.01 0.31
. no. patches VAL_x
1st tertile: ~0 17,366 4526 23944 24,401
VAL_T = [0-1] —
% patches VAL_x
(94,150.93 ha) Y 63.34 16.51 87.34 89.01
total area VAL_x =
87,332.79 2063.00 89,766.74 | 93,097.17
0 [ha]
% area VAL_x =02 92.76 2.19 95.34 98.88
mean 0.25 0.47 0.017 0.57
median 0.29 0.50 0.01 1.00
standard deviation 0.21 0.44 0.04 0.49
2nd tertile: no. patches VAL_x
16,661 20,482 24,064 20,825
VAL_T = [1- =0
1.57] % patches VAL_x
33.99 41.78 49.09 42.48
(148,548.90 ha) =01
total area VAL_x =
30,961.17 3244.88 | 123,262.52 | 120,388.14
0 [ha]
% area VAL_x =02 20.84 2.18 82.98 81.04
mean 0.34 0.89 0.024 0.95
median 0.36 1.00 0.00 1.00
standard deviation 0.24 0.23 0.07 0.18
3rd tertile: no. patches VAL_x
21,452 2102 44796 2741
VAL_T = [1.57- =0
3.53] % patches VAL_x
24.41 2.39 50.98 3.12
(224,935.30 ha) =01
total area VAL_x =
45,805.20 509.24 160,293.70 9970.11
0 [ha]
% area VAL_x =02 20.36 0.23 71.26 443
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Unprotected areas (1,940,665.60 ha)

mean 0.08 0.53 0.005 0.05
median 0.00 0.50 0.00 0.00
standard deviation 0.15 0.29 0.02 0.21
1st tertile: no. patches VAL_x
132,144 22,824 129,865 157,793
VAL_T = [0-1] =0
(1,015,579.00 % patches VAL_x
79.62 13.75 78.25 95.08
ha) =01
total area VAL_x =
963,608.81 | 50,825.56 | 940,178.56 | 999,186.97
0 [ha]
% area VAL_x =02 94.88 5.00 92.58 98.39
mean 0.15 0.60 0.012 0.61
median 0.00 0.50 0.00 1.00
standard deviation 0.21 0.33 0.04 0.48
2nd tertile: no. patches VAL_x
73,136 15,193 67,584 43224
VAL_T = [1- =0
1.57] % patches VAL_x
64.27 13.35 59.39 37.98
(563,003.30 ha) =01
total area VAL_x =
271,474.10 | 21,355.85 | 448,720.03 | 328,386.09
0 [ha]
% area VAL_x =02 48.21 3.79 79.69 58.32
mean 0.24 0.86 0.019 0.96
median 0.29 1.00 0.00 1.00
standard deviation 0.23 0.23 0.08 0.16
3rd tertile: no. patches VAL_x
40,890 868 64,398 2338
VAL_T = [1.57- =0
3.53] % patches VAL_x
43.43 0.92 68.41 248
(362,023.30 ha) =01
total area VAL_x =
198,254.15 | 1134.46 | 305,528.38 | 17,732.95
0 [ha]
% area VAL_x =02 54.76 0.31 84.39 4.90

! percentage of patches with VAL_x = 0 with respect to the total number of patches in the corresponding

tertile. 2 percentage of areas with VAL_x = 0 with respect to total area included in the corresponding tertile.
VAL_x = (VAL_C, VAL_N, VAL_R, VAL_L).
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4. Discussion

In Section 2 above it is highlighted that this study aims at identifying spatial
planning policies to improve environmental quality in Sardinia by increasing the
size of the regional GI. Such policies primarily target patches taking null values
in terms of VAL_T, therefore, from the multifunctionality standpoint, this refers
to areas that do not perform any of the functions implied by the four values. As
a consequence, planning recommendations provided in the following
paragraphs ultimately aim at achieving multifunctionality.

The outcomes of this study show evidence that VAL_N takes rather high
average values, both in the case of protected and unprotected areas, with
reference to the third tertile of the total value. Moreover, VAL_N takes
comparatively lower average values with regards to the first and the second
tertiles (0.55 and 0.47 respectively in case of protected areas, and 0.53 and 0.60
in the other case). In all three tertiles, the sum of the areas of patches showing
null values for VAL_N is relatively small, both in the case of protected and
unprotected areas, since it never exceeds 5%.

That being said, in terms of spatial policies aimed at strengthening the
eligibility of areal units to be part of the Sardinian regional GI, the taxonomy of
VAL_N suggests that two types of plan actions should be taken into account as
particularly effective, both in the case of protected and unprotected areas. The
most important of these is related to patches showing non-null values, especially
in case they belong to the first or second tertiles of the total value distribution.
In these tertiles, the mean and median values of these patches are in the range
0.4-0.6, and they are quite similar to each other in the case of protected and
unprotected areas; standard deviations are also quite similar. As a consequence,
they entail plenty of room for improvement. Indeed, two variables should be
targeted in effective spatial policies: 1) the reduction of threats, which, for
instance, can be implemented through the renaturation of soils sealed as a
consequence of urbanization, the removal of illegal (and legal) waste disposal
sites, the regeneration of undergrowth, monitoring pasture and grazing land
condition, and moving industrial facilities which generate dangerous
environmental impacts (as, for instance, in the Cagliari case mentioned in
Section 3, and mapped in Figure 2C); and 2) the mitigation of land-taking
processes and of land cover transitions characterized by qualitative degradation
(LAIET AL., 2017a; 2017b); indeed, it must be taken into account that the most
outstanding issue which influences VAL_N is the quality of land cover.

The implications concerning VAL_C are quite different. The mean and
median values of patches of protected areas concerning the three tertiles are

385



significantly higher than the corresponding values of unprotected areas (except
for the median value in the first tertile, which equals 0 in both cases); this
comparison is made robust by the similar values concerning the dispersion of
the distribution, as highlighted by the standard deviations.

Values are generally very low with regards to the first tertile, since, in both
cases, the share of patches which show null values is over 90% of the total area.
With regards to the second and third tertiles, the share of the area of null-value
patches of protected areas is quite lower than in the case of the first tertile
(around 20%). This occurs in the case of unprotected areas as well, even though
the share of the null-value area is more than double.

The most outstanding policy recommendation aimed at increasing the
eligibility of patches to be included in the regional GI is that the environmental
protection regime related to habitats and species should be extended beyond the
boundaries of the Natura 2000 sites (as, for instance, in the Bosa area in Section
3, mapped in Figure 2A), since conservation measures concerning Natura 2000
sites are already in force in these areas. Moreover, it has to be stressed that the
total surface of unprotected areas is about fourfold the surface of protected
areas, which confirms that planning and normative efforts should be
concentrated on additional measures to identify and protect habitats and species,
in order to increase the eligibility of patches to be included in the regional GI.

The taxonomy of VAL_L shows different features as well. The area of the
null value patches belonging to the third tertile is very low both in case of
protected and unprotected areas, and, consistently, the area of the non-null value
patches is high. The area of the non-null patches within the second tertile goes
down, dramatically and consistently in both cases, even though the share of the
area of null-value patches located in protected areas is higher than in the case
of unprotected areas, which implies that the number of landscape assets located
in unprotected areas is relatively higher than in the case of protected areas.
Finally, VAL_L is close to zero in protected and unprotected areas belonging to
the first tertile.

Policy planning implications concerning VAL _L are quite straightforward.
Planning measures with regards to protected and unprotected areas should aim
to analytically and extensively identify the landscape assets related to historic and
cultural resources (as, for instance, in the Giara area in Section 3, mapped in
Figure 2B, whose prehistoric remains might not be fully explored), and to the
environmental framework.

This is a fine-tuning operation entailed by the co-planning procedure
concerning the definition and the adoption of municipal masterplans, which
involves the national Ministry of cultural goods and activities and of tourism,
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the Sardinian regional administration, and the local municipalities. Moreover, the
identification of a GI can benefit not only environmental resources, but also
social and cultural resources, as exemplified by Orantes et al. (2017) who develop
a methodology to implement a GI plan, based on the integration of social and
cultural assets, in the case of Yesan, Korea.

Finally, with reference to VAL_R, the share of the area of the null-value
patches of protected and unprotected areas is higher than 70%, irrespective of
the tertile. The values related to protected areas within the second tertile are
comparatively higher than the other case, whereas the opposite holds for the
third tertile.

A possible explanation, in the case of the second tertile, is that the outcome
is likely to depend on the different environmental protection regimes in force,
which make unprotected areas comparatively more accessible, and, for this
reason, it is easier for tourists to post images concerning unprotected areas.
However, the low accessibility effect can be more than compensated by the
attractive features of protected areas within the third tertile, characterized by the
highest environmental and landscape quality, which might explain why the
number of images posted from these areas is comparatively larger.

Various studies (AMOAKO-TUFFOUR ET AL., 2012; HEAGNEY ET AL., 2018;
FONT, 2000) demonstrate that recreational attractiveness, conceived as
recreation demand, is influenced by different site attributes, such as accessibility
and presence of accommodation options. Heagney et al. (2018), by exploring
the influence of several site attributes on recreational demand in relation to 728
protected areas, located in the state of New South Wales, Australia, indicate that
accessibility represents a value added that needs to be assessed in terms of
recreational potential from the early stages of the site establishment-related
planning process, although the establishment of any protected area entails a base
level of recreational demand due to visitors’ expectations of the existing site
values.

5. Conclusions

This study evaluates the suitability of areas, inside and outside protected
areas, to be included in a regional GI, identified through four values
(conservation value, natural value, recreational value and landscape value). In
particular, this methodology attempts to operationalize multifunctionality, one
of the two key concepts that characterize GI, and to derive planning
recommendations that, by increasing the values of each factor, and hence the
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total value, focus on the multiple functions implied by the factors in order to
increase the eligibility of null patches to belong to the regional GI.

The first advantage of the proposed methodology is that it shows a certain
degree of flexibility which can be easily used to analyze other Italian and
European regional contexts, since the Natura 2000 Network spreads all over the
European union countries, under the provisions of the Habitats and Birds
Directives, and Natura 2000 sites are identified and described in the Standard
data forms, as stated by the Decision no. 2011/484/EU of 11 July 2011. The
other protection regimes that the study takes into account are easily comparable
to the European union’s regimes, even though the national contexts show
differentiated institutional frameworks. Moreover, the flexibility of the
methodology makes it possible to add new values for obtaining the total value,
in relation to the normative, social and economic characteristics of other
national contexts. A very interesting aspect with regards to comparative studies
concerning Buropean countries is the definition of recommendations related to
planning policies, with reference to both analogies and differences, and to public
institutions and bodies involved in the implementation of these policies. Second,
the proposed methodology uses data, such as land cover/land uses maps or data
from social media, that are readily available.

On the other hand, the study shows some limitations that should be
addressed in future research. First, the issue of leisure and tourist attractiveness
needs further specific insights and represents a promising field for further study,
since the recreational value is rather volatile and its measures are questionable.
Integrating the judgments of non-experts, such as citizens and local
communities, could be a possible future research direction in order to obtain
social-perceptual information on cultural and recreational services, by building
upon works such as Rall et al. (2018) who study the added value generated by
public participation on GI, in particular in relation to cultural and recreational
services. Second, there is room for improvement in the way the total value is
here calculated. As in the first case, non-expert judgments could be embedded
in the definition of the total value, which, in the present version, is calculated as
a sum of the four values. Future research could consider calculating the total
value as a weighted sum, where the specific weights of each single value are
defined through a combination of judgments from both experts and non-
experts. Itis expected that, by including non-expert opinions such as those from
local communities, weights would be location-specific and time-specific.
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