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Introduction

“Recognizes that mountains provide indications of global climate change through phenomena

such as [...] the retreat of mountain glaciers [...]”
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How to study glacier response to CC?

MATHEMATICAL MCH
They reduce a complex
situation to a simple
description, using laws of
physics.
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Minimal Glacier Model

Input data:
clhimate forcing

CONTINUITY EQUATION:
describes the transport or

. L. . equilibrium line
variation of a conserved quantity.

Minimal
Glacier Model

PERFECT PLASTICITY PRINCIPLE:
first-order estimate of how the
thickness of a glacier varies with its
horizontal dimension.

X

The elaboration is based on meteoreological, physical and
morphological data to reconstruct historical time series of glacier
(length, mass balance, volume, area).

(Oerlemans 2008, 2011)

Runge-Kutta
method

b. = f(Ts,.Pw))
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Variation of glacier
terminus along the

flow-line direction
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Spatial: Raster and vector analysis

DEM:

DEM allows to calculate some parameters, as altitude, slope, thickness,
flow line direction.

a.s.l. 3
POIygon: = Low : 2146.54 f 2
-used to evaluate the glacier retreat, the length of the flow line.
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Flow line:

-Minimal model input

-Calculated from DEM elaboration and the results are interpreted based
on theoretical background.




Glacier

GIS module for Minimal Model Polygons

(IDB2.0)

GIS algorithm allows to obtain glaciological
data to set Minimum Glacier Model Sobjecve

) Glaciers Flow evaluation
Dem clip poly lines of flow

lines

DEMs are the basis for this GIS analysis,
on which we can derived the flow line.

Usmg DEMs and polygons it is possible to
obtain the morphological data set to
calibrate the Minimal Glacier Model. LENGHT

Clip Slope and Aspect Slope - Aspect
on Flow line buffer ZONAL STATs

i
buffer ZONAL STATs

All the results are rely on DEM resolution.




Study Area

Rutor glacier (3480-2640 m a.s.l.) —
Vallone di La Thuile (AO)

Glacier features:

- surface slope = 22%;

- mainly exposed to the north;

- currently there are three main flow lines;
- L=4000m.

flow line

Rutor glacier
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PEG Digital Elevation Model w¢;5 1975 Digital Fle"ftw" Model W¢E
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Rutor Geodetic mass balance _ A .
GIS Results PEG(1820)-2008 ¢

GEODETIC MASS BALANCE

- Surveying of the surface elevation of the
glacier at different time (years to decade),
differencing these elevations and applying
assumption and adjustment about ice density
and temporal factor, gives a glacier-wide

cumulative balance over time. e e
- Averaged cumulative height change between .

LIA and 2008 was - 52,06 m w.eq. reaching R

the maximum value of -190 m w.eq. on the %

lowest part of Rutor (North). [ 010
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Model Data Input

In minimal glacier model, the input data
set are given by Mass Balance, which is
very closely related to the climate forcing
and oscillations.

Ts and Pw drive the glacier evolution.

We use a bi-variate fit to describe mass
balance as a functions of summer
temperature and winter precipitation,
year by year.

Net Mass Balance [m w.e.]

bi:aTS i+wa +C
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MGM Calibration \ ([ s W%}AITHHM/{HHH\ﬂ
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The calibration allows the application of MGM to simulate the

forecast future scenarios.

future behavior of Rutor Glacier, following climate models that HH\H\l
1

g
444444

Good approximation of the simulated model with real
values, obtained with DTM analysis, since 1954. e




GCM: CMIP5 project

The minimal glacier model is coupling with the
General Circulation Model (GCM) ensembles

CMIP5 (Ts, Pw),
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Concentration - CO,-eq. (incl. all forcing agents)

Model ID IRE"II ”tf,'f_"w Institution 1D Reference
ACCESS1-0 1.875x1.25L.38 CSIRO-BOM Bi and gthers, 2013
ACCESS13 1.875x1.25L38 CSIROBOM Bi and gthers, 2013
boc-cam1-1-m 1.125x1.125L.26 (T106) BCC Wy and gthers, 2013
CCSM4 1.256x0 9127 (T63) NCAR Meehl and gthers. 2012
CESM1BGC 125x0.9L27 NSFDOE-NCAR Hurrell and others. 2013
CESM1-CAM5 1.25x0.9L27 NSFDOE-NCAR Hurrell and gthers. 2013
CNRM-CM5 1.40625x1 40625131 (T127) CNRM-CERFACS Voldoire and gthers. 2013
CSIRO-MK3-6-0 1.875x1.875L18 (T63) CSIRO-QCCCE Rofstayn and gthers, 2012
ECEARTH-r8i1p1 1.125x1 121 (T159) ECEARTH Hazeleger and gthers, 2012
HadGEM2-A0 1.875x1.25L60 MOHC Martin and gthers, 2011
HadGEM2.CC 1.875x1.25L60 MOHG Martin and others, 2011
HadGEM2ES 1.875x1.25L38 MOHC Bellouin and gthers. 2011
MIROC5 1.40625x1 40625140 (T85) MIROC \Watanabe and others, 2010
MPIESMLR 1.875x1.875L47 (T63) MPI-M Giorgetta and others, 2013
MPIESM-MR 1.875x1.875L95 (T63) MPI-M Giorgetta and others, 2013
MRI-CGCM3 1125x1.125L48 (T159) MR Y ukimoto and others. 2012




Rutor: Minimal Model - CMIP5 ensem! ble RCP 4.5 and 8.5, west flowline
2500

T T
CMIPS RCP 4.5, e
CMIPS RCP 8.5, e

Future projections

1500 -

-1300m
The Rutor future projections in 2100 show = -1600m
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Rutor: Minimal Model - CMIP5 ensem! ble RCP 4.5 and 8.5, central flowline

the lost of the 70-75% of west region.
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The future dynamics will be concentrate
on east area (around the middle moraine).
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Coming developments

- Visualize the results of glacier retreats
by DEM, following drawn flow lines.

- Apply MGM coupled with GIS on
entire G.A.R.

Alpine Glaciers
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