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Introduction

High mountain geomorphosites (sensu Panizza 2001) represent a very interesting subject for both geoheritage
assessment and educational purposes (Reynard et al. 2007; Bollati et al. 2011). Their rapid evolution requires attention
because, on the one hand, there is the possibility of geomorphosite degradation resulting from changes in the
geomorphological processes acting on them (Diolaiuti and Smiraglia 2010; Pelfini et al. 2009), and on the other hand,
active geomorphosites (sensu Reynard 2004) represent a useful tool for educational purposes (Reynard et al. 2007). In
fact, they allow people to experience characteristic geomorphic features just from observing defined areas in the
landscape (Reynard et al. 2007; Bollati et al. 2011). The importance of evolving geomorphosites is also associated with
the hazards that may derive from geomorphic process changes and their intensification in response to climate change.
This is significant, especially in tourist areas where the vulnerability component is present (Brandolini et al. 2006;
Pelfini et al. 2009). Hence, the educational exemplarity (sensu Bollati et al. 2012) of these sites may be considered
related to the aforementioned topics. Dissemination of concepts, that are fundamental to both risk scenarios and to the
proper way to move through the natural environment, contributes to the educational importance of these types of sites of
geomorphological interest (e.g., Bollati et al. 2013).

Moreover, active geomorphosites located in temperature- and precipitation-limited environments may be strongly
influenced by climatic variations, because their characteristics are modified by variations in the frequency and intensity
of climate-related geomorphological processes. This is in accord with the “narrow definition” of geosite proposed by
Grandgirard (1997): “it can be any part of the Earth’s surface that is important for the knowledge of Earth, climate and
life history.”

Glacial geomorphosites are among the most significant examples of active geomorphosites (i.e., changing in a
“changing climate” (Diolaiuti and Smiraglia 2010)), whose quantitative evaluation should be periodically reassessed as
a response to changes in their features (Pelfini 2009; Pelfini et al. 2009; Diolaiuti and Smiraglia 2010). After identifying
their attributes during geomorphosite selection (Pelfini and Smiraglia 2003), many glacial geomorphosites were
proposed as important because of their high scientific and cultural value (e.g., Pelfini and Gobbi 2005; Pelfini et al.
2005). Particular focus was placed on their ecological and educational attributes (Pelfini et al. 2010a; Garavaglia et al.
2010a).

A distinctive category of glacier geomorphosites is represented by the debris-covered glaciers (DCGs) which arise from
a growth in supraglacial debris resulting from climate change-related processes (e.g., rock avalanches from the valley
sides due to permafrost degradation and outcropping of endoglacial debris due to increasing ablation rates; Deline
2009). Debris coverage above a certain thickness threshold diminishes the glacial ablation rates (e.g., Mattson et al.
1993; Mihalcea et al. 2008; Brock et al. 2010), making the DCGs’ response to climate changes different to that of
debris-free glaciers (DFGs). Hence, DCGs may be considered one of the features in the alpine landscape in which a
distinctive response of the natural environment to climate change is evident.

Within the framework of geomorphological heritage assessment, there is agreement among scientists concerning the
need for a census of geomorphosites based on objective evidence. However, more often discussed is the quantification
of single (simple) values and global (composite) values (e.g., Reynard et al. 2007). Difficulties may arise in applying
rigid evaluation schemes, considering the vast geomorphological differences in different morphoclimatic environments.
Another problem is the subjectivity in assessing values (e.g., Bonachea et al. 2005; Bruschi et al. 2011). Considering all
these conditions, some proposals were suggested using data base applications (e.g., Giardino et al. 2010; Ghiraldi et al.
2010). For instance, Bollati et al. (2012) proposed a method for assessing and selecting sites of geomorphological

interest by employing either the function of the users (e.g., tourists, students of different levels, etc.) or the aim of the
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project (e.g., valorisation, education, or management). The same application was tested for selecting educational and
cultural trails by obtaining global values for single itineraries which also considered natural hazards. Consideration of
natural hazards was intended both negatively, to exclude unsuitable itineraries, and positively, as occasions for
education about risk and safety conditions, as previously discussed (Bollati et al. 2013).

Many features are considered in geomorphosite selection (e.g., Bollati and Pelfini 2010), and in recent times, new
attention has been directed towards their ecological attribute (i.e., the ecological support role, ESR; sensu Bollati et al.
2012), especially for glacial geomorphosites (e.g., Garavaglia et al. 2010a; Pelfini et al. 2010a). As presented in Table
1, the ecological value changes position and relative importance among groups of attributes depending on the author
and the meaning that the author confers to it. Within this framework, the strategic role of vegetation may indeed be
considered as influencing transversally the other attributes that are also taken into account when calculating scientific
value, additional values and potential for use (Fig. 1). Vegetation’s role is especially important in understanding DCGs:
when the debris layer is thick enough (i.e., at least 40 cm at the sample site of Miage Glacier; Pelfini et al. 2007), the
surface glacier velocity is low, and if the glacier tongue reaches altitudes below the tree line, not only herbaceous and
shrub vegetation but also trees can germinate and grow (Pelfini 2009) providing a rareness value to these
geomorphosites. Moreover, DCGs evolution and dynamics can be studied through the analysis of annual tree rings in
supraglacial living trees (e.g., Pelfini et al. 2007; Leonelli and Pelfini 2013a).

The aim of this paper is to quantitatively assess the ecological attribute’s contribution to glacier geomorphosites in
relation to variation in the composite values (e.g., global, scientific, and additional values and potential for use (sensu
Bollati et al. 2012)) during geomorphosite evaluation. First, the scientific literature concerning the study area was
analysed and characterised chronologically. Next, the publications concerning the interaction between vegetation and

glacial processes were selected as support for the quantitative re-evaluation of sites. The Miage Glacier, in the Mont
Blanc Massif (Western Italian Alps), was selected as the study area because it is a highly representative debris-covered

glacier in the Italian Alps for which the scientific literature is broad and varied in terms of the topics investigated.

Study Area

The Miage Glacier, located in the Veny Valley (Valle d’ Aosta, Italy; Fig. 2a), drains the southwest slope of Mont
Blanc. The glacier is approximately 13 km long and shows an ablation tongue, towards the terminus, characterised by
two main lobes with a smaller one in between. The valley is included in the “Espace Mont Blanc” area, which is under
consideration for inclusion on the UNESCO World Heritage List.

Certainly, the Miage Glacier represents a significant site from an educational viewpoint and due to its accessibility and
notoriety (Pelfini et al. 2005; Bollati et al. 2013). Moreover, the entire area is considered a prime example of an open-
air laboratory (Pelfini et al. 2009), suitable for research and education on the subject of differential ablation, as
demonstrated for other sites by Pelfini et al. (2010b). According to Bollati et al. (2013), the Miage Glacier belongs to
the category of “complex active geomorphosite” (Pelfini et al. 2009; sensu Reynard 2004 and Reynard and Panizza
2005) and its simple attributes and composite values (especially the scientific value) have been recently discussed (e.g.,
Pelfini et al. 2005) in terms of risk scenarios (Mortara and Sorzana 1987; Pelfini et al. 2009). Furthermore, the values of
geomorphosites, distributed along three sample trails, were quantified for the first time by Bollati et al. (2013),

demonstrating quantitatively the important value of the area in terms of geomorphological heritage.
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More precisely, the geological, geomorphological and glaciological features enhance the scientific value of the area, as
evidenced by extensive scientific research that began during the 18™ century when the first papers describing this area
were published (De Saussure 1774; Baretti 1880). The Miage Glacier represents the most significant place in the Italian
Alps to study the dynamics of a DCG (e.g., Mihalcea et al. 2008; Brock et al. 2010) (i.e., for geomorphosite assessment:
model of geomorphological evolution; geohistorical importance; sensu Bollati et al. 2012). There are many respects in
which the ESR of this glacier and the associated processes are important to both vegetation (Fig. 3) (e.g., Pelfini et al.
2010a; Garavaglia et al. 2010a; Caccianiga et al. 2011) and arthropod communities (Gobbi et al. 2011).

The spatial and temporal distributions of the supraglacial tree coverage, that represents a rareness feature for the Miage
Glacier as a geomorphosite, were characterised by Pelfini et al. (2007) and Leonelli and Pelfini (2013a). The
supraglacial trees are primarily of the species Larix decidua Mill. and Picea abies Karst. (Pelfini et al. 2007). The
investigations regarding the supraglacial trees, in conjunction with glaciological information, allowed the reconstruction
of the recent dynamics of the lower portion of the glacier tongue (Fig. 3b) (Pelfini et al. 2007; Pelfini et al. 2012;
Leonelli and Pelfini 2013a). In fact, tree rings may record both mechanical stress and climatic signals. For this reason,
the trees growing on debris coverage, while being transported by the glacier flow in a manner comparable to a “tapis-
roulant” (i.e., “treadmill”; Richter et al. 2004; Pelfini et al. 2005), are precious sources of geomorphological
information. For example, the integration of glaciological data for surface velocity over time allowed the tracing of the
tree’s paths and, subsequently, the determination of the position on the glacier where growth anomalies in the tree rings
were recorded (Leonelli and Pelfini 2013a). Moreover, glaciological research indicates that, during the period 1975 -
1988 (Giardino et al. 2001), there was a passage of a kinematic wave which crossed the glacial tongue, modifying the
glacier’s surface elevation (Thomson et al. 2000). The analysis of tree-ring anomalies, in the supraglacial trees growing
on both lobes, allowed the reconstruction of past surface instability and the determination that there was a delay of a
number of years in the wave traversing first the southern and then the northern lobe (Pelfini et al. 2007; Leonelli and
Pelfini 2013a). An intensification of glacial activity, likely related to the kinematic wave, is also witnessed by trees
colonising the proglacial area where the dendrochronological analysis allowed for the collection of information on
glacial stream course changes over time (Fig. 3c) (Garavaglia et al. 2010b).

In regards to the portions of the glacier tongue presenting debris-free ice, as in the case of ice cliffs (Fig. 3a) where the
ablation is more intense, the processes of down-wasting and back-wasting (sensu Benn and Evans 1998) are both
present and may differently impact the supraglacial trees. For example, on the northern lobe, the debris cover
displacement caused by the glacier flow moves the trees towards the glacier terminus, where they usually die from
falling off the front edge of the glacier (Richter et al. 2004; Pelfini et al. 2005; Leonelli and Pelfini 2013a). However,
when the trees move down valley along the edge of the ice cliff, they can be involved in the ice wall retreat (back-
wasting), ending their life before they reach the glacier front. In contrast, when the ice cliff is buried because of an
increase in the debris cover and subsequent lowering of the cliff inclination (as observed on the southern lobe), the trees
may continue their movement and colonise the ice cliff slope, too (Pelfini et al. 2012).

Among the significant geomorphosites identified by Bollati et al. (2013) in the Miage Glacier apparatus, there is a well-
developed morainic amphitheatre, recognised by different authors as one of the most significant in the European Alps
(e.g., “The moraine of the Glacier de Miage is perhaps the most extraordinary in the whole Alps, and has given rise to
the Lac de Combal”, Murray 1844; Forbes 1843; Baretti 1880) and is referred to in the literature as the Miage Morainic
Amphitheatre (Deline and Orombelli 2005; Deline 2009) (Fig. 3f). This amphitheatre was generated by a diversion lobe
of the Miage Glacier and colonised by arboreal vegetation. Dendrochronological analysis of the amphitheatre’s trees

provided data for dating the maximum Holocene expansion in the Western Alps (Deline and Orombelli 2005) (i.e., for
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geomorphosite assessment: model of paleogeomorphological evolution; geohistorical importance; Bollati et al. 2012),
including the estimated time of formation of Combal Lake (Deline and Orombelli 2005).

The geodiversity (i.e., intrinsic geodiversity; Panizza 2009) of the Miage Glacier area also benefits from the presence of
different lake typologies (Jardin du Miage Lake, Miage Lake, Combal Lake, and Breuillard Lake). Among these lakes,
the Jardin du Miage Lake (also known as Lac Vert) is surrounded by arboreal vegetation that is occasionally drowned
along the lake edge and impacted by water level changes (Fig. 3d, e). As recently highlighted by Leonelli et al. (2013b),
these trees may record these water lake changes by virtue of their growth rates and typical tree-ring isotope signatures
related to the low 820 of glacier melt waters.

Within the Miage complex geomorphosite, there are several situations where the ESR, influenced by outcropping
lithology and low drainage conditions deriving from the presence of particular landforms (Prinetti 2010), creates
significant features: Breuillard Lake, Combal Lake and the area of Jardin du Miage near the homonymous lake. In
particular, the progressive infilling with sediment of Breuillard Lake and Combal Lake allows gradual colonisation by
endemic flora, thus increasing the biodiversity of the area (Fig. 3g, h, i) (e.g., Baretti 1880; Prinetti 2010). Concerning
these features, some observations are already present on signage along naturalistic trails.

In addition to the glaciological and supporting botanical features, the geological features, that are relevant along the
Veny Valley, contribute to geodiversity. In fact, the development of the valley along the Pennidic Front, one of the main
structural lines of the Alps, lead to the outcrop of different lithologies on the two sides of the valley (Prinetti 2010). The
Helvetic crystalline basement of the Mount Blanc Massif on the northern side and the sedimentary coverage of the
UltraHelvetic and External Pennidic Domains on the southern side respond differently to gravity (prevailing rock falls
on the northern side and debris flow and landslides on the southern side; e.g., Bollati et al. 2013) which generates
different geological landscapes (sensu Gisotti 1993).

Moreover, the rareness attribute is represented not only by the tree coverage but also by a feature of Miage Lake,
calving, which is a rarity at level of the Italian Alps (Diolaiuti et al. 2006; Pelfini et al. 2009). In addition, the complete
drainage of the lake, which happened in 2004, permitted data collection that allowed for a detailed characterisation of
the lake bottom and the hydrological paths (e.g., Deline et al. 2004; Diolaiuti et al. 2005; Masetti et al. 2010).

In general, all the described features contribute to the high educational exemplarity, additional values and potential for
use attributes of the area. The quantitative evaluation of the trails and single sites (see details in Bollati et al. 2013)
allowed the creation of a ranking system resulting in the trail 01 to Miage Lake being the most valued.

The Miage complex geomorphosite represents an ideal site to investigate how the vegetative component may
transversally influence the composite attributes of scientific value, additional values and potential for use in

geomorphosite value assessment.

Methods

The first step of the analysis was the collection and characterisation of the scientific research regarding the Miage
Glacier and the Veny Valley area. The collection was focused on the classification of descriptive and scientific papers
and on their topic, which has evolved over time. The bibliographic research was performed utilising international
databases available online: Google Scholar and Web of Knowledge (both were consulted in early 2013 and took into
account publications through the end of 2012). Information reported by local magazines was not considered. In order

not to overemphasise any paper, the maximum value assigned to any single paper was 1. If the paper covered more than
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one topic, for each topic the value was calculated as follows: V = %Where n represents the number of topics. Then, for

each year, the total number of papers for each topic was calculated.

Hence, starting from the results on the evolution of the scientific knowledge regarding the study area, the scientific
research concerning the interaction between arboreal vegetation and glacial processes was used to reconsider the dataset
of values (i.e., scientific, additional, global, potential for use, educational index and scientific index), calculated by
Bollati et al. (2013), of the Miage geomorphosites and trails. New data had been acquired during 2012 and two sites
have been added to the trail 03 to Breuillard Lake (i.e., Debris fan and Rock fall).

All the sites were re-evaluated to highlight the numerical contribution of the arboreal vegetation factor to the other
attributes. Six sites were not involved in this re-evaluation (Miage Lake, Miage Stream alluvial fan, Freney Stream
alluvial fan, Landslides and debris flows, Debris fan and Rock fall), because either the ESR was not meaningful or no
scientific data to confirm the ESR were available. The assessment was made through the already applied methodology,
tested initially along a fluvial valley (Bollati et al. 2012) and then tested in the Miage Glacier area for selecting geo-
itineraries in a glacial environment (Bollati et al. 2013). The list of attributes (single values), the specific class of the
ESR and the formula used for calculating the composite values are reported in Table 2. In the presented research, the
application is used to recalculate the global value of Miage sites by considering the different typology of information
available, focusing on the meaningful presence of arboreal vegetation and its transverse influence on the other

attributes.
Results

The first phase of the scientific publications analysis enhanced the considerable attention paid to the Miage Glacier and
its surrounding area since the beginning of the frequentation of this glacial area in the 18" century. The analysis of the
two databases brought to the collection a total of 100 scientific works, covering the period 1774-2012 and including the
papers belonging to the 18" and 19" centuries, which contain more descriptive glaciological and naturalistic
observations (i.e., naturalistic observations and trips, Fig. 4). The investigated subjects are various and the relative
percentages are reported in Figure 4.

Figure 5 presents the distribution of the scientific works through time, separated according to the main subject. As
evidenced by the data in Figure 5, glaciological and dendrochronological studies have been strongly increasing in recent
years, as tools, to quantify the variations in the glacial environment in both space and time, have been developed. This
increase may be considered a reflection of the rising interest in climate change.

Moreover, it is possible to see the advance of scientific research, especially in concurrence with the complete drainage
event that happened at Miage Lake in 2004, which has allowed the collection of additional data on the hydrological
paths and on the shape of the ice cliffs along which the lake develops, which are associated with the entire glacier
dynamic (e.g., Diolaiuti et al. 2006).

The second part of the results involves the re-evaluation of thirteen sites, including two new sites not previously
evaluated by Bollati et al. (2013). The removal of the ESR related to landforms and processes was based on data derived
from scientific research developed during the last several years (Fig. 5). At this scope, among the collected papers,
special attention was paid to those papers concerning the arboreal vegetation’s response to glacier dynamics and those
papers combining these results with attributes of the Miage Glacier as a geomorphosite. In Table 3, the scientific papers
on which the re-evaluation of the ESR and transversal features were based are summarised and divided according to the

circumstances in which the ESR is evident as described in the previous paragraphs.
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In Figure 6, the re-evaluation results are illustrated for both sites and trails and the variation produced by the ESR is
evident. The increase in the scientific value over time is determined not only by the ESR but, according to Figure 1, by
all the attributes transversally linked with it. The two sets of values correspond to: i) new composite values (dark grey)
obtained not considering the benefit given by the increasing scientific knowledge on the ESR; ii) effective composite
values (light grey) considering all the data available in the scientific literature regarding these topics. The value increase
is evident for most of the parameters. This increase does not involve all the sites, as mentioned above, but all those sites
in which the study of vegetation confirms and provides a greater comprehension of the glacial processes and dynamics
of this DCG (i.e., Miage Glacier, Miage Morainic Amphitheatre, Jardin du Miage Lake, Southern lobe proglacial area,
Northern lobe ice cliff) or where the landforms, processes and outcropping lithology determine the colonisation by the
endemic flora, increasing the biodiversity of the area (i.e., Breuillard Lake, Combal Lake; Prinetti 2010).

The trails enjoy the benefits of the value increases as well (Fig. 6). Trail 01 is invariably the most valued one.
According to Bollati et al. (2013), if trail 02 reached the lowest position, the addition of two sites along trail 03 (i.e.,
Debris fan and Rock fall), not linked with the ecological component, generates an inversion in the ranking (light grey
columns in Fig. 6). Alternatively, not considering the ESR (dark grey columns in Fig. 6) , trail 02, along which all the
sites are affected by the ESR variation, undergoes a greater value loss with respect to trail 03 (Table 4).

Percentage variations in the composite attributes for each site and trail are reported in Figure 7, including only the 7
sites in which variations of the ESR are confirmed by scientific data. Concerning these sites, scientific values variation
also reaches values greater than 20% at the Northern lobe ice cliff (i.e., back-wasting processes involving vegetation),
the Miage Glacier (i.e., the vegetation response to the dynamics of the debris coverage), the Southern lobe proglacial
area and the Miage Morainic Amphitheatre. The variations of scientific value at the level of the site are never lower than
12% (Fig. 7).

The additional values are responsive to the variation only at Breuillard Lake (16.67%). This is because the scenic value,
that may be responsive to variation in the ESR, is enhanced by the presence of endemic flora that confers a more
pleasing aesthetic to the site. The other sites are valuable scenically regardless of the vegetation. Generally, Breuillard
Lake is the site which results in more homogeneous response to the variation and which obtained a high average of
change (12%) (Fig. 7).

At Breuillard Lake, concerning potential for use, the possibility of using the already existing tourist trails, based mainly
on the floristic component of the landscape, is promoted by the scientific recognition of the ESR. At this site, potential
for use obtained the maximum percentage of variation (12.32%), whereas this parameter, in general, varies less than the
others (2-12%).

The indexes for scientific and educational selection of sites ranged between 7.50 — 24.75% and 11.43-17.68%,
respectively (Fig. 7). The Miage Morainic Amphitheatre and Northern lobe ice cliff are particularly favoured by the use
of vegetation as an investigative tool for dating glacial advances and retreats in the first case (i.e., scientific index
variation: 24.75%) and evolution of back-wasting processes in the second case (i.e., scientific index variation: 16.50%).
The biggest variation in the educational index was obtained, once again, at Breuillard Lake (17.68%) where scientific
index did not vary.

Trails present more homogeneous trends, and their value variations are reduced (Fig. 7). The scientific value continues
as the most favoured one, as seen by the increase in the knowledge of the ESR, and its variations result to be significant
along trail in which for all the sites the role of glaciers regarding vegetation is fundamental (i.e., 15,85% maximum at

trail 02). Trail 03 presents more homogeneous percentage variations.
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The percentage variations in the average composite values, not including the sites in which the ESR plays no role (see
earlier discussion), and the changes in standard deviation are reported in Figure 8. In general, the most variable
composite attribute is the scientific value (16.43%) (Fig. 8a), as previously discussed. The index used for selection of
sites for scientific purposes also increases evidently (Fig. 8a). The standard deviation, which indicates the dispersion of
values, especially for the scientific attribute, increases and the sites are more distinct from each other according to this
parameter (fig. 8b).

Finally, considering the ranking among all the sites, all the ESR affected sites rose in the ranking. However, the only
site that maintained its high position is Miage Lake, demonstrating that superb sites such as Miage Lake, in which it is
possible to observe active processes such as calving, are highly valued and independent of variation in any other value.

Table 4 presents the comparison among the site and trail rankings.

Discussion and Conclusions

The recognition of glaciers as sites of geomorphological interest is not recent (e.g., Baretti 1880). However, the
determination and quantitative description of geomorphosite values for glaciers is a rather new research topic (Pelfini
and Smiraglia 2003; Bollati et al. 2013). In particular, great attention has been recently paid to the role of ESR in certain
settings, such as those of DCGs (Pelfini et al. 2005; Pelfini et al. 2010a; Garavaglia et al. 2010; Gobbi et al. 2011) such
as the Miage Glacier, the most important DCG in the Italian Alps, proposed as geomorphosite by Pelfini et al. (2005).
The collection of approximately 100 scientific papers, produced over a period of 250 years of scientific research,
concerning the Miage Glacier apparatus, initially permitted the understanding of the evolution of scientific interest in
this complex geomorphosite. The increasing number of scientific studies on the Miage Glacier, especially during the
21% century, is most likely related to the interest in DCGs as witnesses of climate change (Deline 2009). Additionally,
the analysis of the Miage Glacier as a geomorphosite, beyond the first recognition in books of the 18™-19" centuries,
received a significant boost that coincided with the growth of scientific interest in geoheritage. Among the papers
collected, those concerning the use of vegetation as tool for detailing current and past glacial dynamics in different
situations (i.e., supraglacial debris coverage, proglacial area, ice cliffs on the lobes, morainic amphitheatre, and glacial
lakes with drowned vegetation) have been considered to quantify the contribution of the ESR to the composite values
(i.e., scientific, additional values and potential for use) of sites and trails (sensu Bollati et al. 2012). With the additional
data derived from scientific research on vegetation growing within the glacial environment of Miage Glacier, the
increase in the ESR is evident. Furthermore, the ESR influences the other attributes that are closely connected with it in
a cascade effect (as shown in Fig. 1): scientific value (i.e., model of geomorphological evolution, model of
paleogeomorphological evolution, educational exemplarity, geohistorical importance, and rareness), additional values
(i.e., scenic value) and potential for use (i.e., use of other interests). The composite attributes are responsive in different
measure to this increase and surely the most involved attribute is the scientific value.

In some cases, such as that of Breuillard Lake, the ESR exclusively influences the attributes linked with educational
purposes, while the attributes strictly used for the calculation of the scientific index remain unvaried. In other situations,
the opposite occurs (e.g., the Miage Morainic Amphitheatre and Northern lobe ice cliff), and the benefit is obtained
when geomorphosites are selected for trails with scientific purposes.

In addition, what emerges is the increase in standard deviation among the single values of sites, once again due to

scientific factors. As a consequence, if we do not consider the ecological attribute as a criterion to evaluate sites, there
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will be less differentiation among the sites and trails which may impede the process of selection among sites for
valorisation purposes.

Moreover, the relative importance among trails may change if we exclude the ESR attribute. For example, trail 02 is
more connected with the biological component and largely benefits from the growth in available scientific data
supporting the ESR of its sites, allowing it to overtake trail 03 in significance. Hence, the importance of the ESR
attribute is evident in the selection of sites and trails during the geomorphosite evaluation procedure, especially for the
selection of trails for scientific purposes.

In conclusion, the ecological component of the landscape, in relationship with landforms and geomorphic processes,
may represent a discriminating factor in geomorphosite value assessment. The results of this study demonstrate that this
observation is true, especially in the case of active geomorphosites but also in the case of passive geomorphosites that
are currently affected by active processes.

The continuing growth in scientific interest towards this area is expected to result in new data in the future, which will
support the necessary periodic revision of geomorphosite assessments.

Moreover vegetation dynamics, that are related to glaciers activity, represent a consequence of climate change to be
enhanced within cultural and educational itineraries, as well as the glacier behaviour itself, since they are poorly known

by common people (Garavaglia et al 2012).
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Figures and Tables captions

Table 1 The different approaches to and considerations of the ecological value (modified from Bollati and Pelfini
2010).

Table 2 Criteria for the evaluation of geomorphosites and the equations for calculating the parameters of sites and trails
according to Bollati et al. (2012) (modified from Bollati et al. 2012; 2013).

Table 3 Summary of the scientific research concerning ecological interactions involving glacial landforms and

vegetation in the Miage Glacier area.

Table 4 Variation of the ranking of sites according to variation of the ESR data.

Fig. 1 The transverse influence of the ESR on the other attributes used for geomorphosites evaluation (see criteria in
Bollati et al. 2012).

Fig. 2 The Miage Glacier area and the thirteen evaluated sites. a) Geographic location of the Miage Glacier in Veny
Valley (Valle d’ Aosta); b) panoramic view of the Miage Glacier from La Visaille with the locations of the evaluated
geomorphosites and trails; the location and partial extension of the Southern lobe ice cliff is also indicated. The
Southern lobe ice cliff is italicised because it was not considered a valuable geomorphosite, because it cannot be

reached from any tourist trail and is not completely visible from any tourist trail (Photo by D. Zannetti, 2012).

Fig. 3 Various significant features for the ESR in the Miage Glacier area. a) Supraglacial vegetation involved mainly in
the back-wasting processes at the Northern lobe ice cliff (photo by D. Zannetti, 2012); b) Supraglacial vegetation on the
Southern lobe, responding to the debris coverage dynamics (photo by D. Zannetti, 2012); c) Vegetation in the proglacial
area of the Southern lobe involved mainly in the glacial stream activity (photo by D. Zannetti, 2011); d-e) Interannual
water-level changes at Jardin du Miage Lake involving the drowned trees; the large boulder (white ellipse) allows a
comparison between the two photos taken in July 2011 (d; photo by I. Bollati) and September 2011 (e; photo by L.
Vezzola). The vegetation present inside the lake basin may be affected in terms of growth rates; f) The Miage Morainic
Amphitheatre investigated through dendrochronological, pedological and carbon-14 analysis to determine the age of the
different morainic ridges (photo by D. Zannetti, 2012); g-h-i) examples of flora present in the area of Jardin du Miage
and Breuillard Lake and typical of the humid environment: Dactylorhiza maculata (L.), a protected species (g; photo by
I. Bollati, 2011), Eriophorum scheuchzeri (h; photo by I. Bollati, 2011), Caltha palustris L. (i; photos by I. Bollati,
2011).

Fig. 4 Percentage of scientific papers according to topic.
Fig. 5 Scientific research on Miage Glacier. The distribution of scientific papers over time according to the scientific

topic studied. The complete drainage of Miage Lake most likely gave a significant boost to scientific research in the

area because of the possibility of collecting scientific data.
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Fig. 6 Variations in the scientific value, scientific index and educational index for sites and trails in the Miage Glacier
area. Not all the sites have undergone changes (i.e., Miage Lake, Miage Stream alluvial fan, Freney Stream alluvial fan
and Landslides and debris flows, Debris fan and Rock fall). The dark grey columns are the values calculated not
considering the data regarding the ecological value of the sites. The light grey columns are the effective values
calculated considering all the data coming from the scientific literature regarding the ESR. The horizontal lines in the
sites graphs are the respective average values that show the same increment. In the dashed ellipse, the inversion of the

final scientific value between trail 02 and trail 03 is highlighted.

Fig. 7 Percentage variations in the composite attributes in sites and trails including only the sites in which the ESR has a

meaning.

Fig. 8 Variations in the composite attributes: a) Percentage of variation in the composite attributes calculated
considering the average in the composite attributes of sites but not considering those in which the ESR has no influence.
b) Variation of the standard deviation in the composite attributes of all the sites derived from re-evaluation. The dark
grey columns are the values calculated not considering the data on the ecological value of the sites. The light grey
columns are the effective values calculated considering all the data coming from the scientific literature regarding the
ESR.

10



©CO~NOOOTA~AWNPE

References

Barca S, Di Gregorio F (1991) Proposta metodologica per il rilevamento dei monumenti geologici e geomorfologici.

Boll Associazione Ital Cartografia 83:25-31.

Baretti M (1880) Il ghiacciaio del Miage. Versante italiano del gruppo del Monte Bianco (The Miage Glacier, Italian
flank of the Monte Bianco Group). Memorie Regia Accademia delle Scienze Torino |1, 34, pp.3-36.

Benn DI, Evans DJA (1998) Glaciers and Glaciations, Arnold, Londra.

Bollati I, Pelfini M (2010) Il paesaggio fisico italiano: una varieta di geomorfositi di rilevante valenza per la ricerca
scientifica e la didattica. Boll Soc Geografica Ital., XIII, 111:657-682.

Bollati I, Pelfini M, Pellegrini L, Bazzi A, Duci G (2011) Active geomorphosites and educational application: an
itinerary along Trebbia River (Northern Apennines, Italy). In: Reynard E, Laigre L, Kramar N (eds), Les geosciences au
service de la société. Actes du colloque en I’honneur du Professeur Michel Marthaler, 24-26 juin 2010, Lausanne.

Institut de géographie, Université de Lausanne. Géovision, 37:219-234.

Bollati I, Pelfini M, Pellegrini L (2012) A geomorphosites selection method for educational purposes: a case study in
Trebbia Valley (Emilia Romagna, Italy). Geogr Fis Din Quat 35:23-35. d0i:10.4461/GFDQ.2012.35.3.

Bollati I, Pelfini M, Smiraglia C (2013) Assessment and selection of geomorphosites and itineraries in the Miage
Glacier area (Western Italian Alps) according to scientific value for tourism and educational purposes. Environ Manage,
51, 4:951-967.doi: 10.1007/s00267-012-9995-2.

Bonachea J, Bruschi VM, Remondo J, Gonzalez-Diez A, Salas L, Bertens J, Cendrero A, Otero C, Giusti C, Fabbri A,
Gonzalez-Lastra JR, Aramburu JM (2005) An approach for quantifying geomorphological impacts for EIA of
transportation infrastructures: a case study in northern Spain. Geomorphology 66:95-117.
doi:10.1016/j.geomorph.2004.09.008.

Brancucci G, Carton M, Pavia G (1999) Scheda inventario Geositi. Geoltalia 4:43-49.

Brandolini P, Faccini F, Piccazzo M (2006) Geomorphological hazard and tourist vulnerability along Portofino Park
trails (Italy). Nat Hazard Earth Sys 6: 1-8.

Brock BW, Mihalcea C, Kirkbride MP, Diolaiuti G, Cutler MEJ, Smiraglia C (2010) Meteorology and surface energy
fluxes in the 2005-2007 ablation seasons at the Miage debris-covered glacier, Mont Blanc Massif, Italian Alps. J
Geophys Res 115:D09106. doi:10.1029/2009JD013224.

Caccianiga M, Andreis C, Diolaiuti G, D’ Agata C, Mihalcea C, Smiraglia C (2011) Alpine debris-covered glaciers as a
habitat for plant life. Holocene 21:1011-1020. doi:10.1177/0959683611400219.

11



©CO~NOOOTA~AWNPE

Carton A, Cavallin A, Francavilla F, Mantovani F, Panizza M, Pellegrini GB, Tellini C (1994) Ricerche ambientali per

I’individuazione e la valutazione dei beni geomorfologici, Metodi ed esempi. Il Quaternario 7:365-372.

Coratza P, Giusti C (2005) Methodological Proposal for the Assessment of the Scientific Quality of Geomorphosites.
In: Piacente S, Coratza P (eds), Geomorphological Sites and Geodiversity. 1l Quaternario 18:307-313.

De Saussure HB (1774) VVoyage auteur du Mont Blanc en 1774 10e Juil. Brouillard en crayon. Manuscript (Ms.
Saussure, 14/1), BPU Geneve.

Deline P (1999) La mise en place de I’amphithéatre morainique du Miage (Val Vény, Val d’ Aoste). Géomorphologie
5:59-72.

Deline P, Diolaiuti G, Kirkbride MP, Mortara G, Pavan M, Smiraglia C, Tamburini A (2004) Drainage of ice-contact
Miage Lake (Mont Blanc Massif, Italy) in September 2004. Geogr Fis Din Quat 27:113-119.

Deline P, Orombelli G (2005) Glacier fluctuations in the Western Alps during the Neoglacial, as indicated by the
morainic amphitheatre (Mont Blanc Massif, Italy). Boreas 34:456-467. doi:10.1080/03009480500231369.

Deline P (2009) Interactions between rock avalanches and glaciers in the Mont Blanc Massif during the late Holocene.
Quaternary Sci Rev 28:1070-1083.

Diolaiuti G, Kirkbride MP, Smiraglia C, Benn DI, D’ Agata C, Nicholson L (2005) Calving processes and lake
evolution at Miage Glacier, Mont Blanc, Italian Alps. Ann Glaciol 40:207-214. doi:10.3189/172756405781813690.

Diolaiuti G, Citterio M, Carnielli T, D’Agata C, Kirkbride M, Smiraglia C (2006) Rates, processes and morphology of
freshwater calving at Miage Glacier (Italian Alps). Hydrol Process 20:2233-2244. doi:10.1002/hyp.6198.

Diolaiuti G, Smiraglia C (2010) Changing glaciers in a changing climate: how vanishing geomorphosites have been

driving deep changes in mountain landscapes and environments. Géomorphologie 2:131-152.

Forbes JD (1843) Travels through the Alps of Savoy and other parts of the Pennine chain: with observations on the

phenomena of glaciers. Adams & Black, Edimburgh..

Fritts HC (1976) Tree rings and climate. Academic Press, London.

Garavaglia V, Pelfini M, Bollati | (2010a) The influence of climate change on glacier geomorphosites: the case of two

Italian glaciers investigated through dendrochronology. Géomorphologie 2:153-164.

Garavaglia V, Pelfini M, Motta E (2010b) Glacier stream activity in the proglacial area of debris covered glacier in

Aosta Valley, Italy: an application of dendroglaciology. Geogr Fis Din Quat 33:15-24.
12



©CO~NOOOTA~AWNPE

Garavaglia V, Pelfini M (2011) Glacial Geomorphosites and Related Landforms: A Proposal for a
Dendrogeomorphological Approach and Educational Trails. Geoheritage 3:15-25. doi: 10.1007/s12371-010-0027-4

Garavaglia V, Diolaiuti G, Smiraglia C, Pasquale V, Pelfini M (2012) Evaluating Tourist Perception of Environmental
Changes as a Contribution to Managing Natural Resources in Glacierized Areas: A Case Study of the Forni Glacier
(Stelvio National Park, Italian Alps). Environmental Management 50 (6):1125-1138. doi 10.1007/s00267-012-9948-9.

Ghiraldi L, Coratza P, Marchetti M, Giardino M (2010) GIS and geomatics application for the evaluation and
exploitation of Piemonte geomorphosites. In: Regolini-Bissig G, Reynard E (eds), Mapping Geoheritage, Lausanne,

Institut de géographie, Géovisions 35:97-113.

Giardino M, Mortara G, Bonetto F (2001) Proposta per la realizzazione di un catalogo aerofotografico dei ghiacciai
italiani. Suppl Geogr Fis Din Quat 5:89-98.

Giardino M, Perotti L, Carletti R, Russo S (2010) Creation and test of a mobile GIS application to support field data
collection and mapping activities of geomorphosites. In: Regolini-Bissig G, Reynard E (eds), Mapping Geoheritage,

Lausanne, Institut de géographie, Géovision 35:115-127.

Gisotti G (1993) Rapporti tra formazioni geologiche e paesaggio: il paesaggio geologico. Boll Serv Geol Ital, 59:137-
152.

Gobbi M, Isaia M, De Bernardi F (2011) Arthropod colonization of a debris-covered glacier. Holocene 2:343-349.
doi:10.1177/0959683610374885.

Grandgirard V (1997) Géomorphologie, protection de la nature et gestion du paysage. These de doctorat, Institut de

Géographie, Université de Fribourg.

Gray M (2004) Geodiversity: Valuing and Conserving Abiotic Nature. John Wiley & Sons Ltd, Chichester.

Hooke JM (1994) Strategies for Conserving and Sustaining Dynamic Geomorphological Sites. In: O’Halloran D, Green
C, Harley M, Stanley M, Knill J (eds), Geological and Landscape Conservation, Geological Society Editor, Londra,

pp.191-195.

Leonelli G, Pelfini M (2013a) Past surface instability of Miage debris-covered glacier tongue (Mont Blanc Massif,
Italy): a decadal-scale tree-ring-based reconstruction. Boreas 42; 613-622.

Leonelli, G., Pelfini, M., Battipaglia, G., Saurer, M., Siegwolf, R.T.W. & Cherubini, P. (2013b): First detection of

glacial meltwater signature in tree-ring 3'0: Reconstructing past major glacier runoff events at Lago Verde (Miage
Glacier, Italy). Boreas. doi:10.1111/bor.12055. ISSN 0300-9483.

13



©CO~NOOOTA~AWNPE

Masetti M, Diolaiuti G, D’Agata C, Smiraglia C (2010) Hydrological Characterization of an Ice-Contact Lake: Miage
Lake (Monte Bianco, Italy). Water Resour Manage 24:1677-1696.

Mattson LE, Gardner JS, Young GJ (1993) Ablation on debris covered glaciers: an example from the Rakhiot Glacier,
Punjab, Himalaya. IAHS Publ. 218 Symposium at Kathmandu 1992. IAHS-AISH P: 289-296.

Mihalcea C, Brock BW, Diolaiuti G, D’Agata C, Citterio M, Kirkbride MP, Cutler MEJ, Smiraglia C (2008) Using
ASTER satellite and ground-based surface temperature measurements to derive supraglacial debris cover and thickness
patterns on Miage Glacier (Mont Blanc Massif, Italy). Cold Reg Sci Technol 52:341-354. doi:
10.1016/j.coldregions.2007.03.004.

Mortara G, Sorzana PF (1987) Situazioni di rischio idrogeologico connesse all'espansione recente del ghiacciaio del

Miage ed alla instabilita dei versanti in alta Val Veny. Revue Valdotaine d'Histoire Naturelle 41: 111-118.

Murray J (1844) A Handbook for Travellers in Switzerland, and the Alps of Savoy and Piedmont. Albemarle Street; Le

Maison, Quai des Augustins, 29.

Panizza M (2001) Geomorphosites: concepts, methods and examples of geomorphological survey. Chinese Sci Bull
46:4-6.

Panizza M (2009) The Geomorphodiversity of the Dolomites (Italy): A Key of Geoheritage Assessment. Geoheritage 1:
33-42.

Panizza M, Piacente S (2003). Geomorfologia Culturale, Pitagora Editore, Bologna.

Pelfini M, Smiraglia C (2003) | ghiacciai, un bene geomorfologico in rapida evoluzione. Boll Soc Geogr Ital, XI,
VI11:521-544.

Pelfini M, Gobbi M (2005) An enhancement of the ecological value of Forni glacier as a possible geomorphosite: new

data from arthropod communities. Geogr Fis Din Quat 28:211-544.

Pelfini M, Bozzoni M, Santilli M (2005) Il ghiacciaio del Miage: un geosito dalla peculiare valenza ecologica. SLM
23:8-15.

Pelfini M, Santilli M, Leonelli G, Bozzoni M (2007) Investigating surface movements of debris-covered Miage Glacier,
Western Italian Alps, using dendroglaciological analysis. J Glaciol 53:141-152. doi:10.3189/172756507781833839.

Pelfini M (2009) La rapida evoluzione dei geomorfositi glaciali e la relativa influenza sulle valenze dell’attributo

scientifico: il caso del Ghiacciaio del Miage. In: Agnesi V (ed) Ambiente geomorfologico e attivita dell’'uomo. Risorse,
Rischi, Impatti, Mem Soc Geografica Ital, LXXXVII: 131-143.

14



©CO~NOOOTA~AWNPE

Pelfini M, Diolaiuti G, Smiraglia C (2009) Geomorfositi glaciali e turismo: evoluzione, pericolosita e rischi. Il caso del
Ghiacciaio del Miage (Monte Bianco), Valle d’Aosta. In: Coratza P & Panizza M (eds), Il patrimonio geomorfologico

come risorsa per un turismo sostenibile, pp. 105-124.

Pelfini M, Garavaglia V, Bollati | (2010a) Dendrogeomorphological investigations for assessing ecological and
educational value of glacial geomorphosites. Two examples from the Italian Alps. In: Reynard E, Regolini-Bissig G

(eds), Mapping geoheritage, Geovision, 35:81-96.

Pelfini M, Garavaglia V, Balducci C, De Paulis | (2010b) La strategia glaciale per la sopravvivenza al riscaldamento
globale: la trasformazione dei ghiacciai bianchi (debris free glaciers) in ghiacciai neri (debris covered glaciers) per un

approccio didattico applicato. Ambiente societa territorio: geografia nelle scuole, 10, 2:11-15.

Pelfini M, Diolaiuti G, Leonelli G, Bozzoni M, Bressan N, Brioschi D, Riccardi A (2012) The influence of glacier
surface processes on the short-term evolution of supraglacial tree vegetation: The case study of the Miage Glacier,
Italian Alps. Holocene 22:847-856. doi:10.1177/0959683611434222.

Pereira P, Pereira D, Caetano Alves MI (2008) Geomorphosite Assessment in Montesifiho Natural Park (Portugal). A
Method for Assessing “Scientific” and “Additional Values” of Geomorphosites. Boletin de la AGE 47:397-399.

Pralong JP (2005) A method for Assessing Tourist Potential and Use of Geomorphological Sites. Geomorphologie
3:189-196.

Pralong JP, Reynard E (2005) A Proposal for the Classification of Geomorphological Sites Depending on Value. In:
Piacente S, Coratza P (eds), Geomorphological Sites and Geodiversity, Il Quaternario 18:315-321.

Quaranta G (1992) Geomorphological Assets: conceptual Aspect and Application in the Area of Croda da Lago
(Cortina d’ Ampezzo, Dolomites). In: Panizza M, Soldati M, Barani D (eds), 1° European Intensive Course on “Applied

Geomorphology”, Modena, Istituto di Geologia, pp. 49-60.

Reynard E (2004) Géotopes, géo(morpho)sites et paysages geomorphologiques. In: Reynard E, Pralong JP (eds),

Paysages geomorphologiques. Acts Sém. 3° cycle, Univ. Lausanne, Inst. Géogr. Travaux et Recherches 27:124-136.

Reynard E, Panizza M (2005) Geomorphosites: definition, assessment and mapping. An introduction. Géomorphologie
3:177-180.

Reynard E, Fontana G, Kozlik L, Scapozza C (2007) A method for assessing scientific and additional value of

geomorphosites. Geographica Elvetica 62:148-158.

Richter M, Fickert T, Griininger F (2004) Pflanzen auf schuttbedeckten Gletschern — wandernde Kuriosidten. Gedko
25:225-256.

15



©CO~NOOOTA~AWNPE

Rivas V, Rix K, Frances E, Cendrero A, Brunsden D (1997) Geomorphological Indicators for Environmental Impact

Assessment: Consumable and Non-consumable Geomorphological Resources. Geomorphology 18:169-182.

Romani V (1994) 1l paesaggio. Teoria e pianificazione, Franco Angeli, Bologna.

Thomson MH, Kirkbride MP, Brock BW (2000) Twentieth-century surface elevation change of the Miage Glacier

(Monte Bianco massif, Italian Alps). Proceedings of the workshop Debris-Covered Glaciers held at Seattle.

16



Figure 1
Click here to download high resolution image

POTENTIALFOR USE
*Temporal Accessibility (TA)

*Spatial Accessibility (SAc)
*Visibility (Vi)

*Services (Se)

*Number of Tourists (NT)
*Sport Activities (SA)

*Legal Constraints (LC

*Use of geomorphological/geological interest
(UGH)

*Use of the other interests (UOI)

*Presence Of Geomorphosites In The
Surroundings (SGs)

SCIENTIFICVALUE ADDITIONALVALUES
*Model of geomorphological *Cultural value (CV)
evolution (GM) )
*Scenic value (SV)
A N
*Model of palaesogeomorphological %, *Socio-economic valﬂ e (SEc)
evolution (PgM) ?%
> =
o v
: , S % S
*Educational exemplarity (EE) o ?é E.
. &% 8
*Spatial extension (SE) 2 = a3 8
“%. A %2 S
2 = <% s
YR\ % \&%  $
° : H . (=3 b
Geodiversity (Gd) /4,026%' %6 o% "é | §,
%, 25 & \+3 T
*Geo-historical importance (Gl) Y, G, . £
0, % & a o
5, % o 2 @
*Ecologic support Role (ES)-. %, B\ G
- - “ \“ 4% Q‘o’ \
oo ' 5‘\ 00 o, 5 o\ .s‘Q
*Other géolagical interests (O1) ™, % N\ P &
. \‘\ /'0.' %/ ® é}q Q&
) “\“ ‘\~ Goa.%® \\‘b\ éc
*Integrity (In) . . 7 0. S &
\“ \‘ fe 0’ ¢ Q
s . % o’ 'lb
- . 7, %
R ‘\‘ “ 04 e-r‘r
Rareness i a) Meaningful associaticisiotic-abiotic'~.
| ECOLOGIC SUPPORT ROLE



http://www.editorialmanager.com/geoh/download.aspx?id=13749&guid=04bdd29c-8f37-4288-8636-a34c78580c16&scheme=1

Figure 2
Click here to download high resolution image

Miage Glacier
AOSTA VALLEY

TRAIL 01 ;
Miage morainic
amphitheatre

~~_Landslides and e BRIE 1 Sin .

. Debris fafl *

TRAIL 02 : \'

P ot

Wa'Soathern lobe
proglacial area\

debris flows



http://www.editorialmanager.com/geoh/download.aspx?id=13763&guid=2ae7e8b8-893a-4fb9-8c77-a7aceb129262&scheme=1

Figure 3
Click here to download high resolution image



http://www.editorialmanager.com/geoh/download.aspx?id=13751&guid=7c187f40-c25f-45a0-876b-f7480165f14e&scheme=1

Figure 4

Click here to download high resolution image

Distribution of scientific papers regarding Miage glacier according to the
investigated topics

History. Water chemistry
2% %
Zoology ) \ ’

2%

Risk analysis
3%



http://www.editorialmanager.com/geoh/download.aspx?id=13752&guid=f871766b-a318-446c-a82a-20ebed07f8f0&scheme=1

Figure 5
Click here to download high resolution image

Number of scientific papers regarding Miage Glacier and Val Veny area through time
divided according to the topic
11
Naturalistic Observations and Trips
10 Water chemistry
= History
9  mZoology
m Geomorphosites
& = mVegetation
mRisk analysis
o 7 | mGlaciology/geomorphology
a
8 6
S
s
£
3
< 4
3 ‘
2 :
vg;g:@mvm;ggooQ'Qoovnmg;g%o;mgg-ntooo::-—nvmmmncomo—vmco
B R g SRR dE 8o nd8355233338330883855338388388858883
Years



http://www.editorialmanager.com/geoh/download.aspx?id=13753&guid=e712c520-001b-4077-8281-2d33fabcbde5&scheme=1

Sites - GLOBAL VALUE - Trails

-

\ ~
ﬁ R
!
/‘ - &!aa'ﬂ:(d

’

———————

Bt eleyrio

-—

o (=}

pd ). {
(=] o o

©
=

— 0 5 S
— s
I.ﬂ SO0 OG0 004 L gnes|
—

— 58 v
———

e — T S
O —

Sites - EDUCATIONAL INDEX - Trails

I A
I T

® W T o ©

o o o o
— 1
ey v 1om v
e — o PV b
—

P L ST
wERe Sy oo g wlegy

Sncty SUISD DN Ledeniue )

) alom

— v vion 15 s
— — P

S RO

Sites - SCIENTIFIC INDEX - Trails

e

. e
. (ons
I iy

- - il

< = =]
— ) s
— i weren G b1

s prwcs! by saegnog

-
=

ey

— i i
s+ "1
l oy whegy m e
P L
~R— O #300

..I] et
—

R VW v N OQ
e O ©o o o

Click here to download high resolution image

Figure 6


http://www.editorialmanager.com/geoh/download.aspx?id=13764&guid=10d71069-f759-4754-bf99-dd607e091c13&scheme=1

Figure 7

Click here to download high resolution image

PERCENTAGE OF VARIATION OF COMPOSITE ATTRIBUTES -Sites
30
w—SCIENTIFIC VALUE 5 =
e ADDITIONAL VALUES “ o3
aPOTENTIAL FOR USE O &
e EDUCATIONAL INDEX o
2% @ ' SCIENTIFIC INDEX §
o = GLOBAL VALUE
o~ -~ Ayerdges 3 3 : 8
& & ~ &~
20
s 5 & 3|
o - S = of 8
o e = B
=15
3 - S -
8_ - = odinl - -
= 3
10 s o
oF
5
3 & 3
o~ o o~
8 3883 3 2883 8} 8 )
° o, | SOo) = SY=T=r=) o' °c N =) L
Miage Giacier  CombalLake  Breullfard Lake Jardin du Miage Misge Morainsc  Northen lobe ice  Southen lobe
Lake Amphitheatre clt proglocial area
PERCENTAGE OF VARIATION OF COMPOSITE ATTRIBUTES -Trails
1
® = SCIENTIFIC VALUE
2 wes ADDITIONAL VALUES
16 - == POTENTIAL FOR USE
= EDUCATIONAL INDEX
s SCIENTIFIC INDEX
"GLOBAL VALUE
14 -8 Averoges
A
12 -
10
*
8
8
4
2
0 - -
01-Miage Lake 02-Jardin du Miage Lake 03-Breuiliard Lake



http://www.editorialmanager.com/geoh/download.aspx?id=13765&guid=777d1de4-3800-4ede-a0e4-606c2a614f05&scheme=1

VARIATION OF THE STANDARD
DEVIATION

b

. X3ANI DI4LLNIIOS

- X3ANI TYNOLLYONAa3

» 3SN J04 TWILN3LOd

——— ANTVA V8010

« S3ANTVA TYNOLLIOAY

e 3MNVA DIJLLN3IOS

25
2
15
1
S
0

PERCENTAGE OF VARIATION OF MACRO
ATTRIBUTES OF SITES

18

X30NI DIJLLN3IOS

6.0
2,82 I 0.

X3ANI TYNOLLYONA3

1.37

38N 804 TWILN3LOd

3NTvYA V8OO

12,99

m. I S3NTVA TYNOLLIGAY

%

Click here to download high resolution image

Figure 8



http://www.editorialmanager.com/geoh/download.aspx?id=13756&guid=6c81a068-cd7b-40f6-a58f-0c5687eb20af&scheme=1

Table 1

SCIENTIFIC VALUE

ADDITIONAL VALUE

Ecological value as support for living nature: (Panizza
2001; Bollati et al. 2012), especially in sensitive

contexts (Quaranta 1992; Carton et al. 1994; Rivas et al.

1997; Panizza 2001; Panizza and Piacente 2003; Gray
2004; Pralong 2005; Pralong and Reynard 2005; Pelfini
et al. 2010a; Garavaglia et al. 2010a).

For some Authors the whole landscape may be
considered as living organism (Romani 1994).
Other terms:

Functional value (Gray 2004)

Naturalistic value: (Brancucci et al. 1999)

Barca and Di Gregorio (1991); Hooke (1994); Coratza and
Giusti (2005);

Specific category:
Ecological Impact Criterion - Ecl (Reynard et al. 2007;
Pereira et al. 2008).




Table 2

A. ATTRIBUTES (SINGLE VALUES)

Scientific value (SV) Potential for use (PU)
Model of geomorphological evolution Temporal accessibility TA
(representativeness)-GM Services-Se
Model of palaeogeomorphological evolution-PgM Visibility-Vi
Educational exemplarity-EE Number of tourists-NT
Spatial extension-SE Sport activities-OA
Geodiversity-Gd Legal constraints-LC
Geo-historical importance-Gl Use of geomorphological/geological interest UGI
Ecologic support role-ESR Use of the additional interest UAI
Other geological interests-Ol Presence of geomorphosites in the surroundings SGs
Integrity-In
Rareness-Ra Spatial accessibility-SA  Calculated Accessibility-CA
only for on-foot trails
Typology-Ti
— Trend
Additional values (AV) Steepness-St
Cultural-Cu Sloping-SI
Aesthetic-Ae Width-Wi

Ground material-GM

Vegetation on the slope

Water/Snow along the path-WSP

Slope Material-SM

Slope Inclination-SlI

Degree Of Conservation Of The Path-DC
Human Interventions-Hl

Tourist Information-T]

Socio-economic-Ec

B. QUANTITATIVE CRITERIA FOR EVALUATION OF ECOLOGIC SUPPORT ROLE

0 Without any connection with the biologic element
0,33 Presence of interesting flora and fauna
0,67 The geomorphological features condition/favour the ecosystems
1 The geomorphological features determine the ecosystems
C. FORMULA FOR CALCULATING COMPOSITE VALUES
CAI\‘/%&IJE;_ED EQUATION Conditions Ranges
SV SV = (GM + PgM + EE + SE + Gd + Gl + ESR+ Ol + In + Ra) 0,5-10
AV AV = (C + Ae + SE) 0-3
GV GV =(SV +AV) 0,5-13
Index of use U = EE + SE + Ae 0-3
W PUss = (TA + Vi + Se + NT + SA + LC + UGI + UAI + SGs) 0,25-9
CA _ PPU = (PUss + IU) 0,25-12
A Factor ¢ CA=(Ti+St+Sl+ Wi+ GM+WSP +SI+SM+ DC+ HI +TI) SAc<0,4 0-11
A Factor s AFc = ((CA/11)+(SAc/0.4))/2 SAc>0,6 0,25-1
T AFs = (1+(SAc/1))/2 0,8-1
(on-foatrails) PUc = PPU + AFc 0,5-13
PU PUs = PPU + AFs 1,05-13
Scientific Index SIn=(GM + PgM + GI + Ol)/4 0-1
Educational Index Eln= [EE + Ae + (A_Factor_c/s)]/3 0,083-1
ITINERARY
(X SCIENTIFICs / n® sites)*MAX 0-1
(X ADDITIONALS / n° sites)*MAX 0-1
(X GLOBALSs / n° sites)*MAX 0-1
(X POTENTIAL FOR USEs / n° sites)*MAX 0-1
(X SCIENTIFIC INDEX / n° sites)*MAX 0-1

(X EDUCATIONAL INDEX / n° sites)*MAX 0-1




Table 3

SCIENTIFIC PRODUCTION DERIVING FROM INTEGRATION OF BIOLOGICAL AND ABIOLOGICAL DATA

FRAMEWORK

REFERENCES

HIGHLIGHTS

Supraglacial vegetation and glaciological data

Pelfini et al. 2007

Identification and dating of different growth anomalies (e.g. pointer years, compression wood, abrupt
growth changes) allowed the individuation of simultaneous presence of different disturbance indicators
but not contemporarily on the two glacier lobes. The results fit with glaciological data documenting
volume and surface-level variations in the same period.

Leonelli & Pelfini 2012

The temporal analysis of abrupt growth changes (AGCs) confirmed a period of higher glacier surface
instability, reaching a maximum in the years 1988 (on lobe S) and 1989 (on lobe N), probably related to
the passage of a kinematic wave within the glacier tongue. AGCs >+70% and >+40% are suggested as a
proxy for substrate instability in spatio-temporal reconstructions in the Alpine environment.

Caccianiga et al. 2011

Biodiversity on the debris coverage were quantified through observing species assemblages that are
comparable with those of subalpine glacier forelands, but with the addition of high-altitude species.

Trees at the ice cliffs and glaciological data

Pelfini et al. 2012

Analysis of tree age and tree distribution patterns on the glacier tongue, especially near at the ice cliffs of
northern and southern lobes, suggested that a large number of trees die under conditions of dominating
back-wasting on the northern lobe, instead, in the case of prevalence of down-wasting, as on the southern
lobe, trees more easily survive and flow downvalley transported by the glacier flux.

Proglacial vegetation and glaciological data

Garavaglia et al. 2010b

Dating scars, compression wood and rings width variations allowed the individuation of areas directly
affected by glacial discharge or by boulders falling from the glacier front. The concentration in specific
years indicated an intensification of glacial activity influencing the forest vegetation.

Miage Morainic amphitheatre dating and
geomorphological data

Deline 1999

Morainic geometry analysis with dating methods (dendrochronology, lichenometry, radio dating, soil
analysis) allowed the individuation of a succession of glacier overflowing phases over the right lateral
moraine and of heightening phases of the moraines (by superposition) during the Late Holocene, except
for the older base of the morainic amphitheatre. The Litte Ice Age contribution was précised.

Deline & Orombelli 2005

Integration of data presented by Deline (1999), with digging and coring in intermorainic depressions of
the MMA and through a deep core drilling in a dammed-lake infill (Combal), allowed the proposal of
The ‘Neoglacial model’. It considers the MMA as formed during the whole Neoglacial by a succession
of glacier advances and during the LIA, separated by raising phases of the right-lateral moraine by active
dumping because of the Miage debris coverage.

Drowned vegetation at Lac du Jardin du Miage
and glaciological data

Astrade et al. 2012

Abrupt growth decrease was individuated into the tree rings of the drowned trees at Lac du Jardin du
Miage as a response to water level changes.

SCIENTIFIC PRODUCTION LINKING

VEGETATION DATA WITH GEOMORPHOSITES CONCEPTS

FRAMEWORK

REFERENCES

HIGHLIGHTS

Supraglacial vegetation and geomorphosite
evaluation

Pelfini et al. 2005

Dendrochronology analysis on supraglacial vegetation allowed the determination of link with debris
coverage that increment the ecological value of Miage as geomorphosite.

Supraglacial and proglacial vegetation
influencing geomorphosite evaluation

Garavaglia et al. 2010a

Investigating trees which colonize the glacial forefield of debris free glaciers and the debris coverage of
DCG allowed to quantify the effects of climate change on tree colonization and to assess the creation of
new geomorphosites increasing geodiversity in proglacial areas.

Supraglacial vegetation and dating of morainic
ridges influencing geomorphosite evaluation

Pelfini et al. 2010a

The dendroglaciological analysis allowed the assessment of the importance of trees in analyzing the
present glacier dynamics and, as a consequence, to contribute to the scientific evaluation of a

geomorphosite in term of rarity, ecological and educational attributes.




Table 4

Sites rank — Global value

Not considering data on ESR

Considering data on ESR

01 Miage Glacier Miage Glacier

02 Miage Lake Miage Morainic Amphitheatre
03 Miage Morainic Amphitheatre Miage Lake

04 Combal Lake Combal Lake

05 Northern lobe ice cliff Northern lobe ice cliff

06 Southern lobe proglacial area Southern lobe proglacial area
07 Rock fall Jardin du Miage Lake

08 Freney Stream alluvial fan Breuillard Lake

09 Miage Stream alluvial fan Rock fall

10 Debris fan Freney Stream alluvial fan

11 Landslides and debris flows Miage Stream alluvial fan

12 Jardin du Miage Lake Debris fan

13 Breuillard Lake Landslides and debris flows

Trails rank — Global value

Not considering data on ESR

Considering data on ESR

01

01-Miage Lake

01-Miage Lake

02

03- Breuillard Lake

02- Jardin du Miage Lake

03

02- Jardin du Miage Lake

03- Breuillard Lake






