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Abstract The Il-Majjistral Nature and History Park, located
on the northwestern coast of the Island of Malta, is a protected
area with natural, cultural and tourist interests. The Park,
which was registered in 2008, is characterised by a landscape
dominated by limestone and clay. Geomorphological features
are highly controlled by the presence of faults and rockmasses
characterised by different physical and mechanical properties.
Coastal cliffs, bays and sandy beaches are the most
outstanding geomorphological features of the Park, creating
a breathtaking landscape which is an attraction for a number of
visitors. In the framework of an international research project,
a study for the identification, selection and enhancement of the
rich geomorphological heritage of the area has been carried
out. In particular, a recognition and a quantitative assessment
of geomorphosites on the basis of two different methodologies
has been developed, and the results have been compared to
establish the reliability of the methodologies. The results
represent the first step and the necessary basic knowledge for
possible enhancement of geomorphosites in Malta and the
promotion of tourism activities at the Il-Majjistral Nature

and History Park through the auspices of environmental
agencies.
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Introduction

The Island of Malta is situated in the Mediterranean Sea,
about 90 km south of Sicily and 290 km north-east of
Tunisia. Malta is an important tourist area that is especially
sought for its cultural and natural heritage and outdoor
activities, such as hiking, trekking and country-walking
(Magri et al. 2007; Soldati et al. 2008a). Although the
Island is intensively built up, it still conserves remarkable
geomorphological features. These are mostly found along
the coastal areas, where the aesthetic qualities of the natural
landscape are highly maintained (Soldati et al. 2008b).

The Maltese economy is mainly supported by tourism,
which has steadily increased since the late 1970s, mainly in the
coastal areas. However, the positive contribution of tourism to
the national economy is accompanied by some negative
implications in the use of coastal resources (Trumbic 2004).

The Il-Majjistral Nature and History Park, Malta's first
National Park, is located in the north-west of the Island of
Malta and includes a coastal stretch of about 7 km in length
(Fig. 1) covering the area from Anchor Bay to Golden Bay.
The Park includes elements of natural and cultural interest
and is, thereby, a valuable tourism product. Within this area
it is possible to find both areas of rural and military
heritage, unique habitats for flora, natural caves and
outstanding coastal cliffs. These create a landscape which
attracts many visitors, both local and foreign. The coastal
zone hosts a number of important habitats and represents an
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area of ecological importance, which now form part of the
list of Natura 2000 sites of international importance. The
rural, vernacular and military heritage of the area are
intimately linked to the geographical landscape in which
they are situated and form an important cultural landscape.
These features include cart-ruts, long rubble walls (dry
stone walls), farmhouses, small beehives, tombs dating to
the Classical period, natural caves and numerous corbelled
stone huts. Documentation on the cultural and biological
aspects of the park has been extensively studied, but there
has unfortunately been no specific research focussing on the
identification of geomorphological features in the area; such
information could be useful for tourism and educational
purposes.

Based on these premises, a research programme for the
recognition and assessment of geomorphosites at Il-Majjistral
Nature and History Park has been developed. In particular,
in order to better design the enhancement activities in the
study area, the assessment of the site's quality has been
carried out within the Park. Two different quantitative
methods (quantitative parametric and semi-quantitative)
have been applied to the selected geomorphosites, and the
results obtained have been compared to establish the
reliability of the methodologies. Both of the methods applied
have been developed and tested in previous studies (Bruschi
and Cendrero 2005; Coratza and Giusti 2005; Bruschi 2007)
and in different geological and geomorphological contexts.

Geological and Geomorphological Features
of the Il-Majjistral Nature and History Park

In terms of geological aspects, the main lithological outcrops
belong primarily to two distinct geological formations,
namely, Blue Clay and Upper Coralline Limestone. The
overposition of limestones on the clays has a direct control
upon the surface topography and landform evolution. These
formations generally lie almost horizontally and are dissected
by several sub-vertical faults and a series of joints (Geological
Map of the Maltese Islands 1993) (Fig. 1) which also
influence geomorphological processes.

The Blue Clay Formation (Middle Miocene) was
deposited in a deep-sea depositional setting and is made
up of fine-grained sediments with a large component of
organic material derived from planktonic organisms. It
consists of sequences of alternating pale-grey and dark-grey
banded marls, with lighter bands containing a higher
proportion of carbonate (Pedley et al. 1978). This forma-
tion, whose deposition corresponds to the major tectonic
phase of the Siculo-Maghrebid chain uplift, does not
present more than 30% carbonate material (Murray 1890),
which is usually made up of fossils restricted to microfauna
or crushed specimens of macrofauna. This lithology forms
gentle slopes that are generally covered by soil and
vegetation and affected by mass movements, in particular
earth flows and earth slides.

Fig. 1 Location and geological setting of the Il-Majjistral Nature and History Park. Left Geological setting of the Maltese Island (adapted from
Geological Map of the Maltese Islands 1993). Right Dashed line delimits the park boundary
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The Upper Coralline Limestone Formation (Upper
Miocene) comprises shallow marine sediments which have
characteristics derived from several different marine or
intertidal environments and contain different types of corals
and coralline algae. This formation displays a wide range of
lateral and vertical facies variation (Pedley et al. 1978), and
the lithology generally forms steep cliffs characterised by a
sparse vegetation cover (Pedley et al. 2002) and well-
developed karst topography (Pedley et al. 1976). These
geological features provide favourable conditions for perco-
lation and underground storage of rainwater (House et al.
1961). In particular, the presence of bedding planes and joints
is very important in controlling the underground movement of
water. The Island’s weather conditions, which are character-
ised by heavy and localised rain showers, coupled with rapid
surface runoff are factors that limit the availability of
underground water storage.

The overlapping of the Upper Coralline Limestone on
the Blue Clay also favours the onset of diffuse rock
spreading phenomena (Magri et al. 2007), due to the
different mechanical properties of the two formations,
which affect most of the coastal cliffs of the Park.

From a geomorphological point of view, the relief is
predominantly controlled by geological structure and, in
particular, by faults oriented ESE–WSW, which determined
the development of a horst and graben morphology
(Alexander 1988).

Landforms in the study area can be related to different
morphogenetic factors and processes.

Structural landforms include platforms and scarps
remodelled by coastal erosion and/or gravitational processes
occurring mainly within the Upper Coralline Limestone
Formation. The edges of the structural platforms are very

often characterised by faults and fractures, widened by
chemical weathering and rock spreading. Fissures play an
important role in the instability of the limestone cap rock,
favouring processes of detachment and the subsequent
displacement of the rock boulders.

In general, the northwestern coastal region is charac-
terised by gravitational processes which have induced the
occurrence of diverse types of landslides. Deep-seated
gravitational slope deformations (especially lateral spread-
ing), due to the different mechanical behaviour and diverse
hydrogeological conditions of the outcropping lithology,
are representative of the main types of landslides occurring
on the Island (Magri et al. 2007). Rock falls, block slides
and earth flows are sometimes closely associated to these
phenomena (Fig. 2: ID 6, 9, 10).

High and steep cliffs remodelled by the mechanical
action of waves (Paskoff 1985) and two sandy beaches
represent the main coastal landforms of the research area.
Marine erosion plays an important role in shaping the
landscape, producing inlets and bays with small pocket
beaches at the head of the bays.

In terms of fluvial landforms, both depositional and
erosional landforms can be observed. V-shaped small dry
valleys in the Upper Coralline Limestone are of particular
importance. These dry valleys, currently converted to agricul-
tural land or terraced fields, are relicts of former pluvial
conditions and extensive groundwater sapping. Other fluvial
landforms are large valley beds and alluvial/colluvial cones
consisting of Quaternary sediments transported and deposited
through the action of water as well as gravitational processes.
Examples of badland topography occur in the steep Blue Clay
slopes which, being bare of vegetation cover, are exposed to
the action of water (Fig. 2: ID 1).

Fig. 2 Examples of geomor-
phosites in the Park area related
to surface erosion and slope
instability processes: 1 badland
topography in a steep Blue Clay
slope, 6, 9, 10 areas affected
by rock spreading and related
landslides accumulations
(photographs 6, 9 and 10 were
provided courtesy of Ten. Col.
M. Marchetti). Numbers corre-
spond to the geomorphosites’
identification (ID)
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As Coralline Limestone terrain is very sensible to
dissolution due to its content of calcium carbonate and high
fissure density (Paskoff and Sanlaville 1978), karstification
is well developed in the area. The most widespread karstic
feature is the surface topography of plateaus characterised by
highly irregular and rugged shapes, resulting from dissolution
processes (Fig. 3). Two dissolution subsidence landforms
within the Upper Coralline Limestone have also been
recognised in the area (Fig. 4: ID 2, 5).

Several terrains in the Park have been significantly
influenced through time by human activity due to exploi-
tation for agricultural and tourism purposes. In particular,
both at both coastal and inland locations, slopes have been
remodelled into terraced fields retained by rubble walls (dry
stone walls) and used as agricultural land (Cyffka and Bock
2008). Archaeological features include rock-cart ruts, small
scale erosional landforms incised into the bedrock of
uncertain origin and age (Mottershead et al. 2008),
numerous corbel huts and notable remains of British
military architecture.

Geomorphosite Recognition and Selection

The research on geomorphosites at the Il-Majjistral Nature
and History Park started by examining existing thematic
maps and scientific papers on the geology and geomor-
phology of the Park, as well as tourist maps and guide-
books. Field campaigns resulted in the identification and
classification of the most significant geomorphosites and
the verification of the collected bibliographical data. The
above-mentioned parameters were also observed in detail.

According to Reynard (2004) “geosites are portions of
the geosphere that present a particular importance for the
comprehension of the Earth history”. More precisely,
geomorphosites are defined as geomorphological objects
that have acquired scientific, cultural/historical, aesthetic

and/or socio-economic value due to human perception or
exploitation (Panizza 2001). Therefore, we have tried to
select and evaluate those elements of the landscape which,
in addition to being spectacular, can make a significant
contribution to the understanding of the geomorphological
history of the region and also be of interest to tourists.
Indeed, the priority criteria for the choice of sites have
taken various factors into account, such as those related to
the social role attributed by communities outside the field
of Earth Science. The integration of these factors with those
usually recognised by geoscientists can contribute towards
the qualification of geological objects as having heritage
value in a socio-cultural perspective (Pena dos Reis and
Henriques 2009). In particular, the identification and
selection process concentrates on the following range of
values: scientific value, additional value and use value
(Table 1) (cf. Panizza and Piacente 1993; Reynard et al.
2007; Pereira et al. 2007).

Our field research identified 13 geomorphosites (Fig. 5),
including landslides (lateral spreads, block slides and rock
falls), dissolution subsidence structures, areas characterised
by dissolution surfaces, dry valleys and badlands.

The most significant landforms within the Park are land-
slides located along the coast and favoured by the overposition
of the Upper Coralline Limestone on the Blue Clay (Fig. 2).
These landforms have been selected especially because they
make up exemplary cases and are the result of key processes
that provide a comprehensive understanding of the geomor-
phological evolution of rocky-coastal areas.

Of particular interest is the badland landscape on the
Blue Clays slopes close to Rdum id-Delli Bay, selected as a
geomorphosite for its educational and aesthetic values.

Some epikarst morphologies can be considered as
geomorphosites for their educational value and for their
rarity. Worthy of note is the dissolution subsidence
landform at Rdum id-Delli that affects the Upper Coralline
Limestone; it was formed as a result of dissolution
processes, accompanied by ground subsidence (Magri
2009). This type of landform, although less evident, is
found inland from Rdum id-Delli, where a wide depression
is presently used as agricultural land. Other karstic land-
forms include the surface topography of limestone plateaus
and ridges characterised by irregular and rough terrain
where a garrigue vegetation community has developed
(Fig. 3).

Dry valleys are another type of geomorphosite identified
in the area; three sites have been selected, two in the
northern part of the park and the third in the south. They
correspond to V-shaped deep small valleys that developed
in relatively wetter climate conditions and are occupied
nowadays by agricultural land and terraced fields. These
landforms have been selected especially for their scientific
value, as witness to former pluvial conditions.

Fig. 3 Example of dissolution surface on the study area. Fissures due
to lateral sprading area clearly shown. Number correspond to the
geomorphosites' identification (ID)
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Geomorphosite Assessment

The Issue of Subjectivity

Numerous methods for the quantitative assessment of land-
forms are described in the literature. The earliest of these go
back to the 1970s and were generally developed by scholars
from English-speaking countries, in particular from the USA.
Worthy of note are the assessment procedures by Linton
(1968), Fines (1968) and Leopold (1969) which, neverthe-
less, present considerable limits because they are either
too subjective or based on an unnatural subdivision of
geomorphological assets. During the last decades, several
attempts have been made to evaluate the quality of geomor-
phological heritage in various contexts: environmental impact
assessment and territorial planning (Barba et al. 1997; Rivas
et al. 1997; Coratza and Giusti 2005; Bruschi and Cendrero

2005); inventories of natural heritage sites (Serrano and
Gonzalez-Trueba 2005; Reynard et al. 2007); tourist promo-
tion (Pralong 2005); management of nature parks (Pereira et
al. 2007; Zouros 2007).

The scientific quality of an asset is a purely indicative
numerical quantity which can be subject to variations
determined by the subjectivity of the operators and the general
characteristics of the area under examination. However,
despite these limitations, there has been a real attempt to

Fig. 4 Examples of dissolution
structures present in the Park area.
2 Very large dissolution struc-
tures. Dashed line delineates the
external limit of the sinkhole. 5
Dissolution structure located in
the coastal area (Photograph 5 is
provided courtesy of Ten. Col.
M. Marchetti). Numbers corre-
spond to geomorphosites’ ID

Table 1 Values and corresponding criteria used for the identification
and selection of geomorphosites

Value Criteria

Scientific value Palaeogeomorphological model

Rareness

Representativeness

Integrity

Additional value

Ecological value Ecological support role

Protected site

Aesthetic value Panoramic quality

Colour diversity

Spectacularity

Naturalness

Cultural value Religious importance

Historical importance

Artistic importance

Use value Accessibility

Visibility

Services

Importance for education

Fig. 5 Sketch of Il-Majjistral Nature and History Park and indication
of the selected geomorphosites. The numbers correspond to the ID of
geomorphosites (see Tables 2, 3, 4, 5), and the red line delimits the
park boundary
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express each geomorphological asset’s scientific importance
numerically so as to be able to compare them (Reynard 2009).

In general, it must be said that all methodologies inevitably
imply a degree of subjectivity since the intrinsic value of these
environmental elements cannot really be measured. In order to
reduce subjectivity, numerous assessment methods, each
based on several assessment criteria, have been developed.
Three of the criteria are recurrent in all methods, namely,
rarity, representativeness and integrity; others, such as
ecological value, paleogeographic importance, educational
value, among others, are dependent on the context of the
assessment and on the aims of the research (Reynard et al.
2007). Notwithstanding, even in these methods, it would
seem impossible to avoid subjectivity, as the allocation of
value and weights for most criteria again depends on the
opinion and the experience of the assessor.

Application of the Quantitative Parametric Method

On the basis of previous works (Bruschi and Cendrero
2005; Bruschi 2007; Bruschi et al. 2011), we have applied a
quantitative parametric method based on three sets of
parameters to assess the value of the geomorphosites
identified in the study area:

– intrinsic quality (directly related to scientific aspects),
– potential for use (as a cultural, educational or tourist

resource),
– potential threats and protection needs.

Bruschi (2007) has identified 19 numerical indices for
each set of parameters; these are based on the results of a
survey among experts in Earth Sciences and can be considered
to be necessary for the assessment of geomorphosite value.
Our approach consisted of first summing the values assigned
by experts and then normalising these to a 0–1 scale value.
The relative weight (W) of each parameter was then
calculated, and these were used for the geomorphosite
assessment. Each selected geomorphosite was assessed
assigning a value ranging from 1 to 3 to each parameter
considered. The results are shown in Table 2.

The quantification of the value of each set of parameters
enables the geomorphosite quality (QG) to be defined
through the following expression:

QG ¼ IQþ Pþ Cð Þ=3

where:

QG = geomorphosite quality (0–1),
IQ = intrinsic quality of the site (1–3),
P = potential for use of site (1–3) and
C = Potential threats and protection needs (1–3).

The value of each set of parameters has been defined on
the basis of the following expressions:

IQ ¼ WEPEPþWRRþWVEVEþWPPþWKK

where

Table 2 Parameter assessment for each site on a scale of 1–3

ID Geomorphosite EP R C EI N IP O F VE IC Pr H IR AC ENP K SA T E

1 Badland topography
in Blue Clay slopes

3 3 3 3 3 1 2 1 2 2 2 2 3 1 3 3 2 1 2

2 Solution subsidence
structure

2 3 1 2 3 1 2 1 1 1 1 3 3 3 2 1 1 2 2

3 Dry valley 2 2 2 2 3 1 3 1 2 1 1 1 3 3 3 2 2 2 2

4 Dry valley 2 2 2 2 3 1 3 1 2 1 1 1 3 1 2 1 1 2 2

5 Solution subsidence
structure

1 3 1 2 3 1 3 2 3 2 3 2 3 1 3 2 2 2 2

6 Area affected by rock
spreading

3 1 3 3 3 2 2 1 3 2 3 2 3 1 3 3 2 2 2

7 Badland topography
in Blue Clay slopes

3 3 3 3 3 1 2 1 2 2 2 2 3 1 3 3 2 1 2

8 Area affected by rock
spreading

3 1 3 3 3 2 2 1 3 2 3 2 3 2 3 3 2 2 2

9 Area affected by rock
spreading

3 1 3 3 3 2 2 1 3 2 3 2 3 1 3 3 2 2 2

10 Area affected by rock
spreading

3 1 3 3 3 2 2 1 3 1 3 2 3 1 3 3 2 2 2

11 Karst landform
(limestone pavements)

3 3 2 1 3 2 3 1 1 1 2 2 3 2 3 2 2 2 2

12 Karst landform
(limestone pavements)

3 3 2 1 3 2 3 1 1 1 2 2 3 1 3 2 2 2 2

13 Dry valley 2 2 2 1 2 1 3 1 2 3 1 1 3 1 3 2 2 2 2

For definition of the parameters, refer to the expression reported in the text
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IQ = intrinsic quality of site,
EP = good example of process (1–3),
R = abundance/rarity (1–3),
VE = diversity of elements (1–3),
Pr = other processes associated (1–3),
K = degree of knowledge (1–3),
WEP etc. = weight of parameters;

P ¼ WIPIPþWOOþWICICþWACACþWSASA

þWEEþWEIEI

where

P = potential for use of site,
IP = landscape interest (1–3),
O Observation conditions (1–3),
IC Cultural interest (1–3),
AC Accessibility (1–3),
SA Environmental services (1–3),
E Economic significance (1–3).
EI Educational interest (1–3).
WIP etc. Weight of parameters;

C ¼ WNNþWFFþWHHþWIRIRþWENPENPþWTT

þWCC

where

C = potential threats and protection needs,
N = naturalness (1–3),
F = fragility (1–3),
H = related with human issues (1–3),
IR = recreational interest (1–3),
ENP = natural protected area (1–3),
T = size (1–3),
C = degree of preservation (1–3),
WN etc. = weight of parameters.

Table 3 shows the quality of the selected geomorphosites
(QG). The geomorphosites with the highest values (0.777–
0.790) correspond to areas affected by rock spreading (ID 8,
ID 6 and ID 9) which, in particular, show high values of
Intrinsic quality (IQ) and Potential for use (P). Actually, rock
spreading geomorphosites, due to their representativeness
and exemplariness, may be easily and effectively exploited
for scientific and educational purposes.

Application of the Semi-quantitative Method

The second assessment procedure which was applied is
based on the methodology elaborated by Coratza and Giusti T
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(2005) carried out specifically for territorial planning,
environmental impact assessment procedures and for a
geomorphosite inventory of the Modena Province plain
(Emilia-Romagna Region, Italy). This methodology is easy
to apply and is best suited if used by experienced Earth
scientists who have either been working in the region or have
access to sufficient detailed geological and geomorphological
maps and literature. The methodology is quantitative, but a
series of qualitative guidelines have been elaborated in order
to give support to the attribution of values.

In particular, the scientific quality of a geomorphosite is
evaluated by means of several parameters, a number of
which are directly linked to the scientific identity of the
assets, whereas others are only indirectly related to it. These
parameters are Scientific value (S), Educational value (D),
Rarity (R), Degree of conservation (C), Exposure (E) and
Added value (Z). Various criteria are applied to weight the
Scientific value (S), such as number and quality of the
scientific publications on a particular geomorphosite;
whether there are research programmes in progress at a
specific site; how representative a geomorphosite can be for
the evolutionary reconstruction of the territory; whether a
geomorphosite is important for the history of geomorphology
in general. The Educational value (D) refers to representa-
tiveness of a particular form or process for educational
purpose. Questions to be answered are: (1) Is a given
geomorphosite quoted in educational textbooks or included
in a tourist/educational itinerary? (2) What is the educational
level of such itinerary? (3) Is the geomorphosite also known
outside the scientific community? Rarity (R) is related to the
quantity of similar geomorphosites present in the stretch of
territory considered, and it depends on the size of the study
area. The Degree of conservation (C) refers to the level
of intactness, which depends on both natural and
anthropogenic factors. Exposure (E) refers to the visual
impact and the accessibility to the sites. The Added value
(Z) is linked to the importance that a geomorphosite assumes
owing to non-geomorphological aspects which increase its
overall value (e.g. tourism, ecological characteristics, cultural
aspects etc.). The aim of this parameter is to highlight possible
links that may exist between geomorphology and other natural
and cultural aspects that can provide a high recreational
function.

Scientific Quality (Q) is calculated by means of the
following expression:

Q ¼ sSþ dDþ rRþ cCþ eEþ zZ

where S, D, R, C, E, Z are the values and s, d, r, c, e, z are
the related weights.

For the study area, the weights assigned to the
parameters, according to the main aim of this research,
range from zero (0) to very high (1). Of course the most

important parameter is the scientific value of the site, with
the assigned weight for this parameter having the highest
score (1). The scientific value, together with rareness and
degree of conservation, is directly linked to the scientific
identity of the asset and represents its intrinsic quality.
Nevertheless, according to the need to select sites of
geomorphological interest useful for educational and
tourism purposes, high values have also been assigned to
the other parameters. In order to select geomorphosites with
a high recreational function, criteria such as educational value,
exposure, both in terms of accessibility and visibility, and
evidence of importance in other contexts (e.g. biological,
ecological, archaeological, historical) are felt to be the most
relevant as they clearly reflect tourism needs. Indeed, the
weight of 0.75 has been assigned to those criteria.

The Q value thus obtained is then normalised in order
to obtain values of 0 to 1, according to the formula:
Q ¼ Qn=Qmax where: Qn = Scientific Quality of a geo-
morphosite and Qmax = maximum value that a geomorphosite
can express.

The results of numerical assessment and ranking of
geomorphosites are presented in Table 4.

This method also shows that rock spreading (ID 8, 9, 10)
is the most valuable type of geomorphosite in the Park,
being the strongest in terms of scientific and educational
value and also scoring highest in degree of conservation
and exposure.

Discussion of Results

The two methods applied for the assessment of geo-
morphosites in the study area are each characterised by
their own unique peculiarities, although they do ultimately
provide comparable results.

The first method adopted is quantitative, being based on
parameters that can be numerically measured by an expert
and do not depend on the expert's perception (e.g. rarity,
degree of knowledge, accessibility etc.). For “measuring”
these parameters, a series of indicators, with a three-term
(1–3) ranking has been established and used (Bruschi and
Cendrero 2005). The number of parameters to be taken into
account and the amount of data to be collected are,
however, relatively high, which makes the procedure rather
complex. It should be emphasised that this quantitative
method, due to its intrinsic characteristics, foresees a
standard procedure independent of the physical character-
istics of the area and the aim of the assessment.

The second method used is semi-quantitative and is
based on the use of qualitative parameters. The number of
parameters is lower than in the first method, thus making
the assessment simpler and easier to carry out. This method,
however, implies a higher component of subjectivity and,
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therefore, expert knowledge becomes very important.
Moreover, the allocation of values and weights to the
parameters used largely depends on the experience and
sensitivity of the expert involved in assessment as well as
on the purpose of the research. It should be noted that the
aim of this assessment procedure was to promote and
enhance the rich geoheritage of the study area. Therefore, in
applying this semi-quantitative methodology, particular
importance was given not only to the scientific quality of the
geomorphosites but also to other parameters, such as cultural,

aesthetic and ecological ones. In addition, parameters which
clearly reflect tourism needs, such as accessibility, visibility
and educational criteria, have been considered.

In order to identify the differences between such stand-
ings and to determine the reliability of the methodologies,
we have compared the results of the two methodological
approaches (Table 5). The degree of coincidence between
two rankings is quite good, as more than 84% of sites show
similar values. A Spearman correlation coefficient (Freund
et al. 2000) has been applied, which provides the degree of

Table 4 Geomorphosites quality assessment

ID Geomorphosites S D R C E Z S* D* R* C* E* Z* Q Qn

1 Badland topography
in Blue Clay slopes

1 0.75 0.5 1 0.75 0.5 1.00 0.56 0.12 0.75 0.56 0.37 3.36 0.85

2 Solution subsidence structure 1 0.,75 0.75 0.5 0.5 0.5 1.00 0.56 0.01 0.37 0.37 0.37 2.68 0.68

3 Dry valley 0.5 0.75 0.5 0.5 0.75 0.5 0.50 0.56 0.12 0.37 0.56 0.37 2.48 0.63

4 Dry valley 0.5 0.75 0.5 0.5 0.75 0.5 0.50 0.56 0.12 0.37 0.56 0.37 2.48 0.63

5 Solution subsidence structure 1 1 0.75 1 1 0.5 1.00 0.75 0.19 0.75 0.75 0.37 3.81 0.96

6 Area affected by rock
spreading

1 1 0.5 1 0.75 0.75 1.00 0.75 0.12 0.75 0.56 0.56 3.74 0.95

7 Badland topography
in Blue Clay slopes

1 1 0.5 1 0.75 0.75 1.00 0.75 0.12 0.75 0.56 0.56 3.74 0.95

8 Area affected by rock
spreading

1 1 0.5 1 1 0.75 1.00 0.75 0.12 0.75 0.75 0.56 3.93 1.00

9 Area affected by rock
spreading

1 1 0.5 1 1 0.75 1.00 0.75 0.12 0.75 0.75 0.56 3.93 1.00

10 Area affected by rock
spreading

1 1 0.5 1 1 0.75 1.00 0.75 0.12 0.75 0.75 0.56 3.93 1.00

11 Karst landform (limestone
pavements)

1 0.75 0.5 1 1 0.75 1.00 0.56 0.12 0.75 0.75 0.56 3.74 0.95

12 Karst landform (limestone
pavements)

1 0.75 0.5 1 1 0.75 1.00 0.56 0.12 0.75 0.75 0.56 3.74 0.95

13 Dry valley 0.5 0.5 0.5 0.75 0.5 0.5 0.50 0.37 0.12 0.56 0.37 0.37 2.29 0.58

The columns listed with an asterisk are multiplied by corresponding weights

Table 5 Comparison between results obtained from the two quantitative assessments (Spearman coefficient=0.84)

QG (0–1) Quantitative parametric method ID ID Semi-quantitative method Qn (0–1)

0.790 Area affected by rock spreading 8 8 Area affected by rock spreading 1

0.777 Area affected by rock spreading 6 9 Area affected by rock spreading 1

0.777 Area affected by rock spreading 9 10 Area affected by rock spreading 1

0.763 Badland topography in Blue Clay slopes 7 5 Solution subsidence structure 0.96

0.763 Badland topography in Blue Clay slopes 1 6 Area affected by rock spreading 0.95

0.757 Area affected by rock spreading 10 7 Badland topography in Blue Clay slopes 0.95

0.713 Solution subsidence structure 5 11 Karst landform (limestone pavements) 0.95

0.703 Karst landform 11 12 Karst landform (limestone pavements) 0.95

0.690 Karst landform 12 1 Badland topography in Blue Clay slopes 0.85

0.657 Dry valley 3 2 Solution subsidence structure 0.68

0.627 Dry valley 13 3 Dry valley 0.63

0.607 Solution subsidence structure 2 4 Dry valley 0.63

0.590 Dry valley 4 13 Dry valley 0.58
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correlation or similitude between two sets of ranks. It can
vary between −1 (negative correlation) and 1 (positive
correlation); values close to zero indicate dissimilitude
between individuals. In this case, the Spearman coefficient
is 0.84 and indicates a high positive correlation.

It is evident that in both classifications those sites with
the highest values are sites of the same category, namely,
areas affected by rock spreading. The significance of these
results lies in the possibility to identify the most and least
valuable sites with both methods.

Conclusions and Perspectives

The quantitative method was previously tested in northern
Spain within the framework of a selection and assessment
procedure of geomorphosites in a coastal area (Bruschi and
Cendrero 2009), while the semi-quantitative one has been
set up and tested within a procedure of environmental
impact assessment carried out in a plain area of northern
Italy (Coratza and Giusti 2005). The results achieved with
this study confirm that the proposed methodologies can be
applied to different geomorphological environments. Further-
more, the semi-quantitative method, with appropriate changes
in the weights assigned to the various parameters, can also be
applied for different purposes, outside the scope of its original
format.

It is possible to conclude that both methodologies can
provide a useful ranking of geomorphosites. Despite the
differences between the applied criteria, our results show a
high degree of correspondence, especially with respect to
the assessment of the highest and lowest valued sites.

Geomorphosites have the potential to be acknowledged as
natural and tourist resources with interesting economic
benefits, especially if located in protected areas (Zouros
2007). The proposed methodologies, based on the integration
on both scientific and socio-cultural issues related to the
geological objects, could support the selection of geomorpho-
sites for promotional purposes and, in particular, for their
inclusion in the existing itineraries of the Park. The results
obtained indicate that the geomorphosites with the highest
value represent tourist attractions that also satisfy the criteria
of scientific and educational value as well as those of aesthetic
appeal and potential for use.

It is assumed that this process of classification and
assessment of the geomorphological features of the Il-
Majjistral Nature and History Park will contribute towards
the improved protection and management of geological
sites. The results can provide the basic knowledge needed
for the development of a sustainable and responsible
tourism industry, favouring a good understanding and
comprehension of the landscape and its evolution. In fact,
the market for naturalistic and cultural tourism beyond the

aesthetic aspect of a landscape requires a better understanding
of the geological and geomorphological environment, as well
as knowledge of its genesis and evolution (Reynard et al.
2003; Dowling and Newsome 2005; Pelfini et al. 2009).
The selection of sites satisfying criteria of scientific and
educational value, but also those of aesthetic appeal and
potential for use, can facilitate the development of this new
kind of tourism.

Based on these assumptions and on the identification of
the selected sites, geological–cultural itineraries will be
identified that can be used and enjoyed by the widest public
possible. Moreover, when a given geomorphosite acquires a
tourism value, it is necessary to assess the possible natural
hazard processes which might threaten the safety of visitors
(Soldati et al. 2008b). In particular, fast-occurring processes
might directly involve tourists in proximity of the site of
interest or along access roads and footpaths. Examination of
the chronicles of accidents occurring along the coast reveals
that landslides, and in particular rock falls, are processes
which should be taken into account more than any others.
In order to develop a safe and sustainable geotourism
industry, consideration must not only be given to those sites
with the highest value, but also to the rapid events that may
affect a trail network, both close to a trail and across a
much vaster area (Pelfini et al. 2009).

Moreover, the creation of nature trails is accompanied by
negative environmental impacts on geomorphosites. In this
context, in the second phase of the research it will be
necessary to identify with as much detail as possible those
areas more subject to the onset of hazard disarray processes
and the possible impact of tourism on geomorphosites
(Panizza 2003; Pelfini et al. 2009).

The results of this research provide the necessary basic
knowledge for the possible enhancement of the geomor-
phological features of the area and for the promotion of
tourist activities at the Il-Majjistral Nature and History
Park, which should be carried out by public institutions
responsible for the protection of the Maltese territory.
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