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AMBIENTE

Melting of italian glaciers:
analysis of the phenomenon
in GIS environment

Italian glaciers began to melt in the second half of the 9™ century. The quantification of
melting over time has been described in Glaciers Inventories. The present research aims to
contribute to the understanding of the dynamics governing glacier melting as a function of dif-
ferent glacier types and geomorphological parameters analysed in GIS environment. The extent
variation of |3 Italian glaciers from | 958 was evaluated by means of automatic classification
of aerial images in the Free and Open-Source software GRASS GIS. On-site inspections were
carried out too, to identify portions of the glaciers not identifiable by image classification, as
well as any peculiarities and boundary conditions. Moreover, the influence of geomorphological
parameters and boundary conditions were investigated, extending the analysis to |5 additio-
nal glaciers. The results showed that glaciers have undergone different area reductions, which
can be correlated with different geographical and geomorphological features.A higher tenden-
¢y to melt was found in those glacial masses that had an initial size less than | km?, located
in the western sector of the Alps, at medium-low altitudes and facing south. Moreover, the lack
of feeding from the surrounding slopes and from glacial masses located at higher altitudes, the
lack of snow cover or thick debris during the summer season and a dark geological bedrock

increase the phenomenon.
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1. Introduction

According to the last survey
conducted in 2016 (Smiraglia and
Diolaiuti, 2015), 903 glaciers are
present on the Italian territory,
mainly along the Alpine arc, except
for the Calderone Glacier, located
in Abruzzo, with a total surface
area of 368 km?. They are cha-
racterized by different sizes, eleva-
tion, slope and exposure, and also
by different geology and feeding
methods.

Glaciers are exploited for nu-
merous human activities, both
indirectly, through water supply,
reservoir feeding and irrigation,
and directly, through sports-re-
creational activities and tourism.
Therefore, glaciers are a resource
to be conserved and protected.

[talian glaciers began to melt
due to natural causes in the second
half of the 19! century, at the end
of the “Little Ice Age” (Lamb, 1972;
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Mann, 2003; Carturanetal.,2016).
Over the last century, and in parti-
cular from the 1980s, the melting
rate has increased significantly,
mainly due to global warming cau-
sed by the enormous emissions of
greenhouse gases. Also, the glacier
darkening (Fugazza et al., 2019),
caused by the deposit of polluting
dark particles carried by the atmo-
sphere on the surface of glaciers,
and the formation of unicellular
reddish algae Ancylonema norden-
skioeldii (Di Mauro et al., 2020) in-
creased the melting. In fact, both
these two factors reduce the albe-
do of the frozen surface, increasing
the absorbed solar radiation and,
therefore, accelerating its melting.

The quantification of melting
over time has been described in
Glaciers Inventories. The first Ita-
lian one, compiled by the Italian
Glaciological Committee (CGI),
was published in 1959-1962 (CNR
and CGI, 1962). Thereafter, the
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World Glacier Inventory (WGI)
was published in 1989 (Haeber-
li et al, 1989), with full details at
the dedicated web page hosted by
the World Glacier Monitoring Ser-
vice. The Italian data entered in
the WGI derived from aerial pho-
to analysis, but in some cases the
used images proved to be affected
by a not negligible snow coverage.
Anyway, a decrease in glacier area
was observed between the CGI
and the WGI inventories (Ajassa
etal.,1997; Diolaiuti et al., 2012).

In 2016, a new Italian Glacier In-
ventory was published (Smiraglia
and Diolaiuti, 2016), exploiting hi-
gh-quality and high-resolution or-
thophotos derived by flights betwe-
en 1999 and 2011. Orthophotos
were characterized by low or absent
cloud coverage and were acquired
in late summer, when glaciers
show minimum snow cover and,
therefore, their boundaries appe-
ar clearer and are more detectable.
Few exceptions occur in case of
debris covered glaciers (Smiraglia
and Diolaiuti, 2011), making more
difficult and uncertain to detect
and map the glacier outlines. Or-
thophotos planimetric resolution
varies between 0.5 and 1 m, the
planimetric accuracy stated by the
manufacturers varies between 1 m
and 2 m, depending on the perfor-
med flight (Smiraglia and Diolaiu-
ti, 2016). Instead, the planimetric
accuracy of the oldest data (1958-
1989) was estimated equal to 5 m
(Ajassaetal., 1997).
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The present research aims to
contribute to the understanding
of the dynamics governing glacier
melting as a function of different
glacier types and geomorpholo-
gical parameters, analysed in GIS
environment.

Thirteen glacial systems were
chosen to represent the different
features and including the most
significant and particularly inte-
resting ones (red dots in Figure
1). Automatic image classification
was applied to the orthophotos of
such glaciers, so to evaluate their
spatial variation over time. Mo-
reover, on-site inspections were
carried out to identify portions
of the glacier covered by debris,
hence not identifiable by image
classification, as well as any pecu-
liarities and boundary conditions.
Then, the results of image classi-
fication were integrated with the
data already present in the CGI
(1959-1962) inventory, in the
WGI and in the New [talian Gla-
cier Inventory (2016), to highli-
ght the amount of glaciers area
reductions. Hence, the influence
of geomorphological parameters
and boundary conditions were in-
vestigated. In order to assess the
influence of some parameters, the
morphological analysis was ex-
tended to 15 additional glaciers
(orange dots in Figure 1). Conclu-
sions summarize the results and
mention criticalities, that can oc-
cur both in the short term in form
of sudden events, and in the long
term, as a result of a trend that has
persisted for many years.

2. Analysis of the
phenomenon in GIS
environment

The workflow in GIS environ-
ment can be divided into two pha-
ses. The first one consisted in the
automatic classification of the ae-
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Fig. | — Geographical position of the ltalian glaciers (in blue). The |13 ones analysed by
image classification (red points): 1) Goletta; 2) Grivola; 3) Trajo; 4) Rutor; 5) Planpincieux;
6) Vofrede; 7) Mont Blanc du Creton; 8) Tzere; 9) Adamello; 10) Presena; | I') Fradusta; 12)
Marmolada; |3) Calderone.The |5 ones analysed from the morphological point of view
(orange points): 1) Clapier;2) Vallanta; 3) Galambra; 4) Vallonetto; 5) Bard; 6) Carro; 7) Gran
Tournalin; 8) Camposecco; 9) Trobio; | 0) Sissone; | 1) Occidentale diValViola; 12) Forg; | 3)
Corni diVenezia; 14) Occidentale del Sorapis; 15) Occidentale Canin.

rial photos for the identification of
glacier mass boundaries. Possible
classification errors highlighted
by on-site inspections were cor-
rected before calculating the gla-
cial surfaces and evaluating their
temporal evolution. In the second
phase, the average morphological
characteristics of each glacier, such
as elevation, slope and exposure,
were extracted from the available
Digital Terrain Models (DTMs)
and then analysed, together with
site-specific features, in order to
highlight correlations between
each parameter and the melting
intensity.

Supervised classification of the
images was performed using the
Sequential Maximum A Posterio-
ri (SMAP) algorithm (Bouman and
Shapiro, 1992 and 1994) in the
Free and Open-Source software
GRASS GIS. SMAP exploits the
fact that nearby pixels in an image
are likely to have the same class.
The algorithm works by segmen-
ting the image at various scales or
resolutions and using the coarse
scale segmentations to guide the
finer scale segmentations. This

allows SMAP to produce segmen-
tations with connected regions
larger than a fixed class, reducing
the number of classification er-
rors. This is particularly useful in
the present case, where it is not
necessary to identify individual
objects.

The classes are defined by the
operator thanks to a training map,
from which the spectral signatu-
res are extracted. A spectral class
Gaussian mixture distribution
model improves the segmentation
performance by modelling each in-
formation class as a probabilistic
mixture with a variety of subclas-
ses, identified by clustering.

In the present research, no more
than three or four classes were in-
dicated by the operator in the trai-
ning maps, depending on each site:
glacier and rocky area are always
present, sometimes also lakes, ve-
getations or shadows (Figure 2).

Then, the spectral average values
and the variance and covariance
matrix relative to the three visi-
ble spectral bands (red, green and
blue), calculated for each class and
the relative subclasses, were used
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Fig. 2 — Training areas for supervised classification (on the left), related to the Goletta Glacier in 2012: glacier (green), rocky area (dark
green) and lake (brown). Classified map of the Goletta Glacier (on the right): glacier (dark blue), rocks (light blue) and lake (yellow).
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Fig. 3 — Boundaries of the Goletta Glacier in 1999 (green) and in 2012 (red), identified by image classification (on the left). Trend of the
spatial variation over time (on the right) coming from the Glaciers Inventories (blue) and the present elaboration (red).

by SMAP algorithm to classify the influencing the melting process analysing technical and thematic
images. If necessary, the results of were identified for each site by cartography. From the Digital Ter-
the classification were corrected
manually, either to insert areas
covered by debris inside the gla-
cial boundary that were classified
as rocks, and to exclude areas co-
vered by snow that had fallen into
the class of glacial masses. Hence,
the surface extension of the glacial
apparatuses was computed and
compared with previous measu-
rements coming from the Glaciers
Inventories (Smiraglia and Diola-
iuti, 2016; CNR and CGI, 1962;
Haeberli et al., 1989), to evaluate
the spatial variation over time (fig.
3). Fig. 4 shows images demon-
strating the spatial reduction of
Goletta Glacier, taken as example.

During the second phase of the
GIS analysis, the average or cha-
racteristic values of different para-
meters and boundary CO].’lditiOIlS Fig.4 — Goletta Glacierin 1998 (above) and in 2019 (belovv).
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rain Model (DTM) of each site, the
slope and aspect maps of glaciers
were created, from which average
values were extracted for compa-
rison over time, to study if and
how the melting rate is related to
the inclination and exposure of the
glacier masses. To assess the in-
fluence of geographic location on
[talian glaciers, 15 glacial appara-
tuses were identified, 8 belonging
to the western sector and 7 to the
eastern sector, having comparable

characteristics in terms of size,
exposure and average altitude. In
the following section the influence
of such parameters is analysed.

3. Results

Glaciers exhibit very different
area variations (tab. 1), due to
their different morphology and
boundary conditions. Ten of the

3k

thirteen glacial systems, analysed
by automatic image classification,
have undergone areal reductions:
on average, the relative surface
loss was 37.1% between 1958 and
2016.

The glaciers that underwent
the greatest relative reductions
between 1954 and the last decade
were the Fradusta (-93.8%), Tzere
(-81%), Presena (-68.3%), Vofrede
(-62.9%) and Calderone (-51.9%)
Glaciers. Instead, Planpincieux

AM

A

Tab. | — Percentage variation of the analysed glaciers compared to 1958:values derived by the present work (in bold) and by the Glacier

Inventories. Surface compared to 1958 [%].

Glacier 1958 | 1964 | 1973 | 1980 | 1982 | 1994 | 1999 | 2000 | 2006 | 2007 | 2009 | 2011 | 2012 | 2015 | 2016
Goletta [00 - - 100 79.6 725 65.4
Grivola [00 129.2 1243 979 104.6
Trajo [00 [11.7 [05.5 1005 - 101
Rutor 100 939 88.6
Planpincieux 100 95.7 - 939 774 -
Vofrede 100 74.2 51.6 413 37.1
Mont Blanc 100 - - 160 - - - - 80 - |14 - - - |14
Tzere 100 50.6 346 25.5 - 19
Adamello 100 74.3
Presena 100 95.1 65.9 - - 39 3.7
Fradusta 100 554 30.8 154 10.8 - 6.2
Marmolada [00 | 954 782 675 | 556 50.2
Calderone 100 833 66.7 48.1
Surface compared to 1958 - Dimensional differences
160 —@— Goletta
150 .
140 — @ - Grivola
130 Trajo
120 —@— Rutor
__ 110 Slanpinci
< 100 —— pincieux
& 90 Vofrede
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§ 70 - @ —Tzere
o 60
2 50 —@— Adamello
a0 - @ = Presena
30 — @ - Fradusta
ig —@&— Marmolada
0 — @ - Calderone

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Year

Fig.5 — Influence of glacier initial area on melting: glaciers with initial area > | km? (continuous line) and with initial area < | km? (broken line).
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Fig.6 — Influence of glacier elevation on melting: glaciers located at aftitude > 3000 m (continuous line) and at aftitude < 3000 m (broken line).

and Rutor Glaciers have under-
gone minor surface reductions,
-22.6% and -11.4%, respectively.
Finally, some apparatuses show
slight positive areal variations,
such as the Trajo (+ 1.0%), Grivola
(+ 4.6%) and Mont Blanc du Cre-
ton (+ 14.0%) Glaciers.

From the dimensional point of
view, smaller glaciers, with an ini-
tial area lower than 1 km? (broken

line in Figure 5), had on average a
higher percentage areal variation.

A similar behavior was observed
on glaciers located at mean altitu-
des below 3000 m (broken line in
Figure 6). Note that the Fradusta
glacier, characterized by initial
area lower than 1 km? and a mean
altitude below 3000 m, underwent
the greatest areal reduction and it
is now close to disappear.

Tab. 2 — Geographical differences of |5 glaciers belonging to different Alpine sectors.

The analysis of minimum and
maximum elevation of each glacier
highlights that minimum glacier
elevations increased on average
from 1958 to the recent years, due
to increased melting of the lower
elevations (fig. 7). On the other
hand, there is no trend in the ma-
ximum elevations, as they are in-
fluenced by other factors.

Higher melting rates was also

Glacier Geographical location Average height [m] | Exposure 1958 area [km?] | 2006 area [km?] | Residual area [%]
Clapier Piemonte, Valle Gesso 2775 north 03 0.04 133
Vallanta Piemonte, Monviso 2925 north-west 0.15 0.06 40
Galambra Piemonte, Val di Susa 2950 north-west 05 extinct 0
Vallonetto Piemonte, Val di Susa 3050 north-west 0.14 extinct 0

Bard Piemonte, Val di Susa 3050 north-west 041 extinct 0

Carro Piemonte, Valle Orco 2769 north 034 0.18 529

Gran Tournalin Valle d'Aosta, Valtournanche 3075 north-west 0.12 extinct 0
Camposecco Piemonte, Valle Antrona 2890 north-east 03 extinct 0

Trobio Lombardia,Val Seriana 2614 north-west 0.19 009 474
Sissone Lombardia, Val Marenco 2878 east 0.6 054 90

Occ. DiValViola Lombardia, Val Viola 2970 north 0.19 0.1 526

Fora Lombardia, Val Zebru 2980 north 05 045 90

Corni diVenezia Trentino,Val di Bon 2636 north-east 032 0.17 53.1

Occ. Del Sorapis Veneto, Dolomiti 2538 north 0.25 0.18 72

Occ. Canin Friuli, Alpi Giulie 2387 north 009 006 66.7

|4 Aprile 202
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Minimum and maximum heights of the glacial systems
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Fig. 7 — Minimum (blue and orange) and maximum (green and red) glaciers elevation [m] in 1958 and 201 6, respectively.

observed in those glaciers which
are geographically located along
the western Alpine sector (fig. 1
and Tab. 2). This could be related
to the lower snowfall rate during
the winter season in the western
sector with respect to the easter
one. Hence, glaciers in the western
sector have less supply and less
protection from solar radiation
during the summer months.
Furthermore, the highest mel-
ting rate was found in south-facing
glacial systems, as Tzere and Vofre-

de Glaciers, due to the higher solar
radiation reaching these surfaces.
This aspect is particularly relevant
in the Valle d’Aosta region, where
many glacial systems exposed to
the south are present, due to the
orographic conformation and the
high altitudes.

In terms of feeding, glaciers can
be divided into three types (fig. 8):
- glaciers that are fed exclusively

by snowfall;

- glaciers that receive additional
input from adjacent slopes (in

the form of snowmelt dischar-

ge) or from upstream glacier

mass flow;

- glaciers that once belonged to
the former type, but now are
separated from the main glacial
mass and no longer receive the-
se additional contributions.

On average, the glacial masses
belonging to the third type have
the greatest area reductions, while
those belonging to the second type
have the lowest area losses because
summer melting is partially com-

Fig. 8 — Examples of glaciers with different feedings systems: the Goletta Glacier (left) is fed exclusively by snowfall because it is located
on a plateau; Planpincieux Glacier (center) is fed by snow discharges from the adjacent steep slopes; the lower Fradusta Glacier (right)
was detached from the upper portion that no longer feds it.

Aprile 2021
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Surface compared to 1958 - Feeding differences
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Fig. 9 — Influence of feeding differences on areal reduction: glaciers that feed exclusively with snowfall (broken line), glaciers that also
receive snow discharges from the surrounding slopes (continuous line), fragmented glaciers that were once also fed by discharges from

the surrounding slopes (dotted line).

pensated for by additional snow
contributions (fig. 9).

Another important parameter
that influences the melting rate
is the coverage of glaciers with
snow or debris. The snow cover
was analysed on the basis of snow
measuring stations, and the de-
bris cover by means of on-site in-
spections.

With regard to snow cover, the
thicker it is, the more protection
it gives to the underlying glacier
during summer. The greatest co-
verage was recorded along the ea-
stern Alpine sector and in glaciers

located at the base of steep slopes,

from which they received snow

drifts. Concerning debris cover, a

double effect was found, depen-

ding on its thickness:

- in case of a moderately thick de-
bris cover, e.g., Fradusta Glacier
(Figs. 10-11), the underlying
glacier experienced higher melt
rates because the thin debris
layer is unable to protect the
glacier from solar radiation, and
also causes a reduction in the
albedo factor with a consequent
increase in absorbed radiation;

- in presence of considerable de-

Surface compared to 1958 - Debris covering differences

Percentage |5
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14985
Year
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il Fracusta

Fig. 10 — Debris covering differences: modest debris cover of Fradusta Glacier (dark blue)
and considerable debris cover of , while Calderone Glacier (light blue).
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bris cover, as in Calderone Gla-

cier (Figs. 10-11), the melting

rate was lower, because the de-

bris protected the underlying

glacier from solar radiation.

The geological composition of
the bedrock was also a significant
parameter in defining the melting
dynamics. In case of a dark-colou-
red bedrock, e.g., Vofrede Glacier
(fig. 12), the glacier experienced
higher melt rates due to the low
albedo values of the surrounding
rock and the consequent higher
amounts of absorbed radiation,
causing an increase in tempera-
ture. Instead, the light-coloured
bedrock produces higher albedo,
hence lower surface temperatures
of the surrounding rock and less
glacier melting, as in Mont Blanc
du Creton Glacier (fig. 12).

4. Conclusions
Italian glaciers are undergoing a

significant areal reduction, caused
not only by a natural trend, but

Aprile 2021
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Fig. I I — Lower portion of Fradusta Glacier (left) covered by a modest debr layer and Calder:one Glaier (right) ‘covered by a conside-

rable debris layer.

Surface compared to 1958 - Geological differences in the bedrock

Percentage [%

== Ofr i

- Nonl Blanc
i Crit bon

1955 1960 1965 1970 1975 1980 l'lﬁ‘il‘_:ﬁlr':ﬁlﬂ 1995 2000 20056 20010 2015 2020

Fig. 12 — Geological differences in the bedrock:Vofrede Glacier (yellow line) is located on a
bedrock consisting of dark-coloured paragneiss,Mont Blanc du Creton Glacier (blue line) is

located on bedrock consisting of light-coloured marbles, dolomitic marbles and dolomites.

also by the global warming and the
darkening of their surfaces.

Supervised contextual classi-
fication of aerial images showed
that ten of the thirteen analysed
glacier systems experienced areal
reductions, and the relative area
lost between 1958 and 2007-2016
was 37.2% on average.

In addition, a GIS analysis of
the main characteristics of Italian
glaciers showed a greater tendency
to melt in glaciers smaller than 1
km?, located in the Western Alps,
at low to medium altitudes, facing
south. Moreover, the lack of fee-
ding from the surrounding slopes
and from glacial masses located at
higher altitudes, the lack of snow
cover or thick debris during the

Aprile 2021

summer season and a dark geolo-
gical bedrock increase the pheno-
menon.

The general trend of glacier
melting is generating several cri-
ticalities on the territory and on
numerous anthropogenic activi-
ties (born in the past thanks to the
presence of glacial systems), that
will become increasingly marked if
this trend is not halted. Criticality
can occur both in the short term,
in the form of sudden events, and
in the long term, as a result of a
trend that has persisted for many
years. They can affect areas close to
glaciers as well as those far away
but in the same drainage basin.
The repercussions on the territory
in the short term were of greater

intensity but easier to manage and
control, also thanks to geomatics
monitoring techniques. On the
contrary, the criticalities linked
to long-term trends are more
complex to manage and more im-
pacting from a socio-economic and
environmental point of view.

Short-term criticalities include
glacial mass detachments, rock
fall from slopes, in the form of
rockfall or debris flow, depending
on the type of material and the
degree of fracturing of the rock.
In addition, the formation of epi-
glacial and subglacial lakes is very
dangerous for the possible rupture
of their glacial perimeter and the
generation of a massive flood wave
towards the valley.

Long-term trends may genera-
te water scarcity in the summer
months, an increase in solid tran-
sport due to the release of sedi-
ments present in the solid matrix
of the glacier with the consequent
silting up of water courses and
reservoirs (Lindsey and Comiti,
2019), the progressive disappea-
rance of the summer ski area and
the reduction of the landscape
and environmental value. In order
to avoid these problems, at least in
part, a better management of wa-
ter resources will be increasingly
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important to maintain the current
economic and social models even
when there is less water. To achie-
ve this goal, structural and mana-
gement measures will be needed
on reservoirs, on the urban water
network, with the modernisation
of existing networks, and in agri-
culture, with the use of innovative
techniques that allow less water to
be wasted.

Finally, a solution to prevent the
rapid melting of limited areas of
glacier of high economic and land-
scape value consists in the use of
geotextile sheets of white non-wo-
ven material (mainly polypropyle-
ne and polyester) placed over the
ice surface (Senese et al., 2014).
This solution allows to increase
the albedo of the surface, and the-
refore to reduce its surface tempe-
rature and, consequently, the mel-
ting rate of the glacier during the
summer months. Among the first
examples of this application, there
are portions of the Presena Glacier
in Italy, covered to preserve the ski
slope below, and portions of the
Rhone Glacier in Switzerland, to
safeguard the ice caves present in
its terminal portion.

References

Ajassa, R, Biancaotti, A, Biasini,A., Bran-
cucci, G, Carton, A, Salvatore, M.C.,
1997. Changes in the number and
area of Italian Alpine glaciers betwe-
en 1958 and 1989. Geografia Fisi-
ca e Dinamica Quaternaria. 20. pp.
293-297.

Bouman, C., Shapiro, M., 1992. Multi-
spectral Image Segmentation using a
Multiscale Image Model. in: Procee-
dings of IEEE International Confe-
rence on Acoustic, Speech and Si-
gnal Processing, San Francisco, USA,
23-26 March 1992, pp. 565-568.

Bouman, C.,, Shapiro, M., 1994. A Multi-
scale Random Field Model for Baye-
sian Image Segmentation. |EEE Tran-
sactions on Image Processing. 3(2),
pp. 162-177.

Carturan, L, Baroni, C,, Carton, A, Ca-
zorzi, F, Fontana, G.D, Delpero, C,
Salvatore, M.C., Seppi, R, Zanoner,
T, 2016. Reconstructing fluctuations
of La Mare Glacier (Eastern Italian
Alps) in the late Holocene: new evi-
dence for a Little Ice Age maximum
around 1600 AD. Geografiska An-
naler: Series A, Physical Geography.
96(3). pp. 287-306.

Consiglio Nazionale delle Ricerche
(CNR), Comitato Glaciologico Ita-
liano (CGl), 1962. Catasto dei Ghiac-
ciai Italiani.Volumes |, Il and IlI, Tori-
no, Italy.

Di Mauro, B., Garzonio, R, Baccolo,
G, Franzetti, A, Pittino, F, Leoni, B,
Remias, D., Colombo, R, Rossini, M.,
2020. Glacier algae foster ice-albedo
feedback in the European Alps. Scien-
tific Reports. 10.

Diolaiuti, G., Bocchiola, D, D'agata, C.,
Smiraglia, C., 2012. Evidence of cli-
mate change impact upon glaciers’
recession within the [talian alps: the
case of Lombardy glaciers. Theoreti-
cal and Applied Climatology. 109(3-
4). pp. 429-445.

Fugazza, D, Senese, A, Azzoni, RS,
Maugeri, M., Maragno, D., Diolaiuti,
G.A, 2019. New evidence of glacier
darkening in the Ortles-Cevedale
group from Landsat observations.
Global and Planetary Change. |78.
pp. 35-45.

Haeberli, W, Bosch, H. Scherler, K,
Ostrem, G, Wallen, C.C. (Eds.),
1989. World Glacier  Inventory
(WGMS). Status 1988. IAHS-UNE-
P-UNESCO.

Lamb, H.H., 1972. The cold Little Ice Age
climate of about 1550 to 1800, in:
Climate: present, past and future.
Volume 2, climatic history and the
future. Methuen & Co Ltd, London.

Lindsey, N., Comiti, F, 2019. Gla-

ENVIRONMENT

ciers-to-Rivers Sediment Transfer in Al-
pine Basins. University of Innsbruck.

Mann, M., 2003. Little Ice Age, in: Mac-
Cracken, M.C., Perry, J.S. (Eds.), En-
cyclopedia of Global Environmental
Change, Vol. |, The Earth System:
Physical and Chemical Dimensions
of Global Environmental Change.
John Wiley & Sons.

Senese, A, Smiraglia, C., Diolaiuti, G,
2014. Studi pilota per lutilizzo dei
geotessili nontessuti per la riduzione
della fusione della neve e del ghiac-
cio. Risultati dal ghiacciaio del Presena
occidentale (Trento). Patron Editore,
Bologna, Italy.

Smiraglia, C., Diolaiuti, G.A, 201 |. Epi-
glacial Morphologies, in: Singh, V.P,
Singh, P, Haritashya, UK. (Eds.), En-
cyclopedia of Snow, Ice and Gla-
ciers, Dordrecht, Springer, pp. 262-
268.

Smiraglia, C., Diolaiuti, G. (eds.), 2015.
The New ltalian Glacier Inventory (in
Iltalian: Il nuovo Catasto dei Ghiacciai
Italiani), Ev-K2-CNR, Bergamo, Italy.
ISBN: 9788894090802.

Web references

GRASS  Development Team, Geo-
graphic Resources Analysis Support
System (GRASS) Software, Version
7.8. Open Source Geospatial Foun-
dation (2020), https://grass.osgeo.
org, last accessed on 17/02/2021.

http://wgbis.ces.iisc.ernet.in/grass/
grass/0/manuals/ismap.html,  last
accessed on 17/02/2021.

Terraltaly CGR Flights, http://www.ter-
raitalyit/producttpl, last accessed
on 17/02/2021.

The New ltalian Glacier Inventory (in
italian: Il nuovo Catasto dei Ghiacciai
ltaliani), https://sites.unimi.it/glaciol/
index.php/it/catasto-dei-ghiacciai-i-
taliani, last accessed on 17/02/2021.

World Glacier Monitoring Service,
https://wgms.ch, last accessed on
[7/02/2021.

Aprile 2021



