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Introduction

The Italian Glaciation: a general overview

Glacier Inventory 1959-1961
838 glacier bodies (745 glaciers and 93 glacierets)
Total surface coverage : 525 km?

Glacier Inventory-1989

807 glacier bodies (706 glaciers-and 101 glacierets)
Total surface coverage : 482 km?

-43 Km(q /28 years = -1,5Km~”2/year
-31 glaciers /28 years

(X 4 B, | N

from Citterio et al., 2007
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Glacier Inventories:

The Aosta valley inventory resulted to describe 297 glaciers in 1975 (VDAGI, 1975)




Data: The Aosta Valley glacier inventories

Glacier Inventories:

The Aosta VaIIey data base
B WA - :

The Aosta valley. tiﬂﬁentory ﬁ

rest d to descrlbe

| 5N 1975
‘glaciers in 1999 and

1'75 in 2005 '

-

174 glaciers were recorded in all
three data series (1975, 1999 and'
2005) and the respective dafa were
. compared with respect to the
1975-1999, 1999-2005 and 1975-
2005 time periods.
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Results: area distribution
The 2005 glacier inventory

70.0- Area frequency distribution of the Aosta Valley
glaciers, derived from the analysis of 2005 —
60.0 orthophotos. Glaciers smaller than 0.5 km? are

| prevalent in this glaciarized region
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Results: max lenght distribution
The 2005 glacier inventory

Glacier maximum lenght frequency distribution of the

207 Aosta Valley glaciers, derived from the analysis of
2005 orthophotos. Glaciers 0.51-0.75 km long are
prevalent in this glaciarized region
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Results: glacier region representativeness

Italian glaciers > 0.1 km? (WGI data):

area vs max lenght (value in km? and km)

Aosta Valley glaciers > 0.1 km? (2005 RI data):
area vs max lenght (value in km? and km)



Results: mean elevation distribution
The 2005 glacier inventory

Glacier mean elevation frequency distribution of the Aosta Valley
glaciers (> 0.1 km?), derived from the analysis of 2005 orthophotos.
0| Glaciers with a mean elevation between 3100 and 3200 m are
prevalent in this glaciarized region
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Results: min elevation (~ terminus) distribution
The 2005 glacier inventory

35.0
|

There is a slight negative correlation glaciers > 0.1 km?
between terminus elevation

and glacier area (r = —0.6): larger
glaciers tend to extend

down to lower elevations, while
smaller glaciers have higher
termini. These patterns were
observed in other glacier areas
(e.g. Alaska Brooks Range (Manley,
in press), the Swiss glaciers (Kaab
and others, 2002); the Cordillera
Blanca (Racoviteanu and others,
2008).
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Results: glacier aspect
The 2005 glacier inventory

Aspect frequency distribution of the Aosta Valley glaciers (> 0.1 km?). Numbers represent the
percent of glacier area in 45° aspect bins. Glaciers show a southeast preferred aspect.



100.0

90.0 -

80.0 -

70.0 -

60.0 -

frequency

(% area) 50.0 -

40.0

30.0

20.0

10.0 +

0.0

Results: glacier slope distribution
The 2005 glacier inventory

Slope frequency distribution of the Aosta Valley
glaciers. On average, glaciers in this area have
a gentle slope, with a mean value of 20.3°.
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Results: glacier changes in the 1975-2005 period

Magnitude and rates of Aosta Valley glaciers’ changes

Dize 1975 19949 2005
class Glacier | Glacier Glacier
&£ {km®) nurmber | number nurnber
A =0.1 18 o1 70
‘ 01-0.5 |97 77 B3
0.5-1 22 14 14
1-2.0 18 16 11
2510 12 g 9
5-10.0 ] ] G
=10 i i 1
total 174 174 174

Tah, 1 numerical distribution af the analvsed glaciers respect ta the 7 size- classss i

~o

S N

The total loss in glacierized area 4,

*

| from 1975 to 2005 amounted to v;
i 44.3km2 £ 1.3 % and the strongest .

& contribution (-12.46 km2 equal to -
® 28.1%of the total area change) to

o
4
Y\

A

y'this arealoss came from the
second most-populated size class
(0.1 - 0.5 km2), which constituted
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1975
area

Coverage

(km?)

1999
area

coverage
(km?)

2005
ares

coverage
(k)

197 5-2005
area change
(km?)

1975-1839
area change
(km?)

1999-2005
area change
(krn?)

1.22

0.50

0.45

-0.76

-0.42

-0.34

23.55

15.45

11.08

-12.46

-5.07

-4.38

14.93

10.85

89.11

-5.52

-4.03

-1.73

24.97

20.99

18.31

-5.66

-3.95

-2.63

35.596

3167

2811

-7.G5

-4.29

-3.56

38.43

35.19

3227

£.16

-3.24

-2.92
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ey

KT

163.9

136.6

119.6

44.3

27.35

-16.97

Tab, 2:area coverage and area changes of the 174 analvesd glaciers respect to the 7 size- classes

only c. 9 % of the remaining
# glacierized area in 2005.

Valle

«GOoogle

32.57 mi Alt



Results: an accelerating glacier decrease?
Magnitude and rates of Aosta Valley glaciers’ changes

time frame time frame time frame ( Al
size class 1975-2005 1975-1999 1999-2005 ,/J"
(values in 4 ‘
km?) class| (% of total 3,¢ e
size class il area lost) selll 2
2005 1999-2005 ; o
=0.1 20 ¥ :
0.1-0.5 BB "+
0.5-1 -10.2
120 <0.1 -0.03 -0.02 -0.06 158
2-5.0 0.1-0.5 -0.42 -0.34 -0.73 -21.0
5-10.0 172
=10 0.5-1 -0.19 -0.17 -0.29 80
total 1-2.0 0.22 -0.17 -0.45 -100.0
Tab. Isa 2-5.0 -0.26 -0.18 -0.59 ‘?E.Eﬂ!gﬂ e f to the
arec covel  5-10.0 -0.21 -0.14 -0.49 calumns 2, 4 and 0)
and as p 510 015 o014 023 lacier sample in the
reference
. total -1.48 -1.14 -2.83 VEUL
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Results: glacier changes and influencing factors
Magnitude and rates of Aosta Valley glaciers’ changes

100

%0 The smaller, the stronger, the faster:

Non-linear relationship between percent area loss and
. 9 glacier size from 1975 to 2005; curve fit using a power
o k% function.

% change

y = 24.701x %%
R? = 0.5866

O I I I I I

area 2005



Results: glacier changes and influencing factors
Magnitude and rates of Aosta Valley glaciers’ changes

100

Correlation analysis showed that small glaciers tend to
have both smaller altitudinal ranges and median
elevations closer to the glacier head (r = 0.8).

90
80

° These statistical results support the idea that small glaciers

with narrow altitudinal range are losing more of their area,

also noted in other studies (Kaser and Osmaston,

2002; Mark and Seltzer, 2005; Racoviteanu and others,
2008).
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40 -

This may be explained by the fact that a change in local
climate may raise the ELA of those glaciers above their
maximum elevation, putting the whole area of the
glacier in the year-round ablation zone (Kaser and
Osmaston, 2002). In contrast, larger glaciers have a
very wide altitudinal range, with ELAs well below the

0 ‘ maximum elevation at the glacier head. -
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Preferential aspect of retreating glacier
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Results: comparisons with other glaciarized regions
Magnitude and rates of Aosta Valley glaciers’ changes

1.2 |

The recession trends of Aosta Valley glaciers are also
. . consistent with the behavior of other mid lats

glaciers in the last three decades even if they results

the strongest ones.

0.8 -

%a" 0.6 -
0.4 -
0.2 -

0 - ‘ 1 |

Coropuna Cord Blanca Qori Kals Kilimanjaro Kenia Tien Shan Swiss Alps Aosta Valley Western
Glacier Himalaya

Rates of area change in other glacierized areas of the world, expressed as %a~! based
on various studies. Dark grey bars represent glaciers situated in the tropics; light grey
bars represent mid-latitude aglaciers.
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Results: : _
Glacier Inventories:

The Lombardy Reglon data base

S Ty
The Lon a.l .-v 2gT ,_\' I '\{{, or: fi
resulted to describe y- ¥

‘333 glaciers in 1990-1991 (SGL, 1992)Ja\
’@{36‘ glaciers in 1999 (RL, 0654) o,

348 glaciers in'2003 (RL, 20 )
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time frame |time frame time frame
size class 1991-1999 | 1999-2003 1991-2003
{values in
km?)
=0.1 -0.18 0.2 -0.18
0.1-0.5 -0.53 0.7 -0.b4
0.5-1 -0.18 0.5 -0.28
; 1-2 -0.18 0.3 -0.18
2.5 0. 26 06 -0.37
5-10 -0.09 0.3 -0.18
=10 -0.18 0.4 -0.18
total -1.58 3.1 2.1

Table 2 Yearly reduction rates (values in km2fyear) calculated for Lombardy glaciers by averaging the surface area changes occurting in each size

class with respect to the different time frames (1991-1999, 1999-2003 and 1291-2003). ) ) o
Data from Smiraglia and Diolaiuti, 2009

46°25'00. 605N 10°24'51 60" E 13.56 mi Alt



An accelerating retreat phase?

Evidences of such acceleration from Adamello glaciers

Average area change 1983-1991
c.-0.21 km?ly

Average area change 1991-1999
c.-0.23 km?ly

Axverage area change 1999-2003
c.-0.34 km?ly

Data from Maragno et al., 2009



An accelerating retreat phase?

Evidences of such acceleration

from Ortles-Cevedale glaciers

Area change 1954-2007
-19.43 km? ~ 39.9% of 1954 glacier coverage

Area change 1954-1981
-6.54 km? ~ 13.44%, -0.242 km?/y

Area change 1981-1990
- 3.93 km?2 ~ 9.31%, -0.436 km?/y

Area change 1990-2003
-6.18 km?2 ~ 16.2%, -0.476 km?3/y

Area change 2003-2007
-2.77 km? ~ 8.7%, -0.693 km?/y

Data from D’Agata et al., in preparation



An accelerating retreat phase?

Evidences of such acceleration from Piazzi-Dosde Glaciers
T v».' -.7 v ,\\;
‘ - 3 " ',. ¥ j

Area change 1954-2003
-3.974 km? ~ 51% of 1954
glacier coverage

Area change 1954-1981
-1.566 km? ~ 20.2%, -0.058 km?/y

Area change 1981-1991
-0.672 km? ~ 10.8%, -0.067 km?/y

Area change 1991-2003
-1.736 km? ~ 31.5 %, -0.145 km?/y

(from Diolaiuti et al., 2011- PPG)



An accelerating retreat phase?

Ghiacciaio Sforzellina, photo by C. Smiraglia, summer 1987
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cumulate terminus fluctuation

“ b . S = ol
time (years)
1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
T Considering the last 35 years:
o \ The glacier resulted to be retreating 25 years
. (c. 71% of the time frame we analysed),
average change 1971-2006: c. -2 mly T H
-150 - S
average change 1985-1995:c. -2.6 mly | ||
-200 1 Average rate 1996-2006: c. -5 m/y
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THE RECORDS OF TERMINUS FLUCTUATIONS

*The longest records : Forni ...



Results:

THE RECORDS OF TERMINUS FLUCTUATIONS

*GLAD, the GLAcier Database

GLAD Database contains all the available terminus
fluctuation data on Italian Glaciers (883 glacier
records) collected by extracting field
measurements from all the past issues of the
official journals published by the Italian
Glaciological Committee (CGl, 1914-2003).

The 883 glaciers entered in G
with variable continuity betwe

Since the time series for most
are short or very discontinuo
representative subset of 95 gl
longer and more reliable data

Map showing the location of the analyzed 95 glaciers subset



THE RECORDS OF TERN

70

Results:

ol

Humber of monitored glaciers in the analzed subsample

Bar plot of the number of ¢
to 2002 (left panel); histog!
lengths (right panel)
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C
Re‘- length >4 km pre- 1913- 1923- 1933- 1943- 1953- 1963- 1973- 1983- 1993-
1913 1922 1932 1942 1952 1962 1972 1982 1992 2002
number of glaciers 0 0 4 4 3 4 4 4 4 5
complete series 0 0 0 4 1 2 3 1
number of retreating - - 3 4 3 4 4 1
glaciers
% of retreating glaciers - - 75 100 100 100 100 25 100 100 -
Standard deviation of +11.5 +13.2 +19.3 +14.4 +17.6 +26.2 +15.8 +19.6 ;.LM |
glacier fluctuations by Chinn, 1985
average rate (my™) - - 7.1 -17.0 -24.7 -14.9 -11.6 Q 8.8 5.1 -17.3
length: 2-4 km pre- 1913- 1923- 1933- 1943- 1953- 1963- 1973- 1983- 1993-
1913 1922 1932 1942 1952 1962 1972 1982 1992 2002
number of glaciers 2 8 18 22 16 23 26 30 30 30
complete series 2 0 2 7 4 10 11 22 18 18
number of retreating 2 5 18 22 16 22 20 13 26 30
glaciers
% of retreating glaciers 100 63 100 100 100 96 77 43 87 100
Standard deviation of 24| =57 +12.1 +17.1 +20.3| =£11.0 +22.1 +17.2 +11.7 |[+13.6
glacier fluctuations
average rate (my™) 7.5 0.5 125 -15.3 -16.7 118 7.7 & 2.8 5.3 -12.9
length: 1-2 km pre- 1913- 1923- 1933- 1943- 1953- 1963- 1973- 1983- 1993-
1913 1922 1932 1942 1952 1962 1972 1982 1992 2002
number of glaciers 0 0 11 15 9 14 15 18 17 17
complete series 0 0 0 4 2 5 6 11 12 5
number of retreating - - 11 15 9 14 11 8 12 17
glaciers
% of retreating glaciers - - 100 100 100 100 73 44 71 100
Standard deviation of +7.9 +15.0 +32.3 +13.4( +£10.0 +12.6 9.6 +16.0
glacier fluctuations
average rate (my™) - - 6.7 -12.3 -18.2 -10.3 7.0 k-o.4 3.0 -10.2
length <1 km pre- 1913- 1923- 1933- 1943- 1953- 1963- 1973- 1983- 1993-
1913 1922 1932 1942 1952 1962 1972 1982 1992 2002
number of glaciers 1 2 16 21 21 22 16 14 10 10
complete series 0 0 1 7 7 12 4 4 8 4
number of retreating 1 1 16 21 19 20 14 7 9 10
glaciers
% of retreating glaciers 100 50 100 100 90 91 88 50 90 100
Standard deviation of +48 +6.3 8.9 +8.8 +23.2 +7.8 +155| +124 +10.2| =227
glacier fluctuations
average rate (my™) 2.6 2.4 7.3 -5.3 -10.1 -4.4 6.9 -1.2 4.1 -10.0 . .
Citterio et al., 2007
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Time intervals

Average terminus fluctuation rates (my-1) vs. time intervals. The data have
been sorted by the size classes as reported in Table 1




THE RECORDS OF TERMINUS FLUCTUATIONS

*GLAD, the GLAcier Database

With only minor exceptions, larger glaciers underwent greater terminus
fluctuations than smaller glaciers, and the strong retreat rate in 1943-1952
was the highest ever observed in our dataset for all size classes except for
the smallest one.

During the 1943-1952 interval, glaciers shorter than 1 km (as of the 1989
inventory) were retreating at the rate of -10.1 my-t, more or less the same of
the 1993-2002 interval. (-10 my-1).

Conversely, comparison of the 1993-2002 data for the other three size
classes revealed slower retreat rates (by 23% to 30%) than the 1943-1952
data.



THE RECORDS OF TERMINUS FLUCTUATIONS

*GLAD, the GLAcier Database

We have thus compared glaciers of similar sizes, noting that the size
classes selected for the Italian Alps (<1 km, 1 -2km, 2—-4km and > 4 km)
roughly fit the short to intermediate size classes of Haeberli (1990) or
Hoelzle et al. (2003).

The advance phase of the 1970s and 1980s described in our results is
clearly visible in the data summarized by Hoelzle et al. (2003) for the
European Alps, as is the strong retreat centred around the early 1940s for
most glaciers.

As regards the magnitude of the cumulated length change, the scatter
between individual glaciers proved to be large, but comparable to the
curves reported by Haeberli (1990), which for the period from 1900 to 1983
show average cumulated length changes of about -480 m for glaciers
shorter than 2 km and -671 m for glaciers between 2 and 5 km long.

Integrating decadal averages of the 95 glaciers analysed up to 1982, we
obtained a cumulated retreat until 1982 of -338 m, -595 m and -692 m,
respectively for the glaciers of lengths <1 km, 1 -2 km and 2 —4 km.

Given the simplifications involved in such comparisons, the two datasets
show very good agreement, even considering that the exact starting year
for the Italian glaciers surveys was not 1900
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The environmental effects of the
glacier shrinkage
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