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UN A/Resl/62/196, 2008 Glacier are sentinels of Climate Change.
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“Recognizes that mountains provide indications of global climate change
through phenomena such as [...] the retreat of mountain glaciers [...]”

- . . . - : . - - - I ’q—"'_‘—l-—-;.___'__‘_

n = ———— “#8_ Hansbreen, Svalbard
i e + | Storglacidren, Sweden
»| Engabreen, Norway
I— o DRSS o “ef Portage Glacier, Alaska
Smss™ Nigardsbreen, Norway
' \ ' | Athabasca Glacier, Canada

B V2B - pd ﬁ\d'h_ Blue Glacier, USA

» || U.Grindelw., Switzerland

% | Glac.d'Argentiére, France

Hintereisferner, Austria
® Rhonegletscher, Switzerland
»_| Glaciar Coronas, Spain

.| Sofiskyi Glacier, Altai

Length (unit = 1 km)

Gangotn Glacier, India

Elena Glacier, Uganda
~— Meren GL., Irian Jaya

Glaciar Artesonraju, Peru

- . : . S o “ Glaciar Lengua, Chile
B #77] Franz-Josef Gl., New Zealand
i i

1500 1600 1700 1800 1900 2000 Year

Moretti M., Mattavelli M., DeAmicis M. & Maggi V. 2



How glaciers respond to Climate Change
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Glacial dynamics are too complex to be modelled in every aspects.
Theorical Model was implemented to redux the complex situation and focus to one aspect.

CLIMATE
FLUCTUATIONSs

v

THEORETICAL MODEL:

reduces a complex
situation to a simple
description, using laws of
physics.

v
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Minimal Glacier Models (J. Oerlemans 2008, 2011)

THII =4 4
Minimal Model is based on continuity equation, that is integrated on entire volume of glacier, and
on perfect plasticity principle, a first-order estimate of how the thickness of a glacier varies with
its horizontal dimension.

The elaboration is based on reconstruction of historical time series, after have obtained
meteoreological, physical and morphological data to start the model it is possible compare
the flow line length variation ,the model results, with real measured variations.

Model Input & BC
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Minimal Model fundamentals and GIS interaction:

Minimal Model Input: Mass Balance & ELA Boundary Condition:

Bo = highest elevation [m] (B)
Hm = mean thickness [m
bm = mean bed elevation [m]

Bs = L = length of the flow line [m]
s = mean slope
—1
ciirde B,
dt @ w
Mass Balance S
Sradiane Model BC computable by GIS
: 4 Data obtainable by DTM analysis, to evaluate
,5 _ db - b the accuracy it is required a multitemporal
1 dz o h—E dataset = Developed of iterative GIS module.
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From DETERMINISTIC to SPATIAL approach using GIS
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QGIS Algorithms: MMGlacierData(MMGD)

Development of an algorithm to calculate and iterate all the GIS operations to obtain the input for
the minimal model. Developed in QGIS using its different available instruments: GRASS module
and GDAL/OGR-libraries.
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Study Area

Module MMGlacierData and Minimal Model were tested on Careser and Rutor glacier.

Careser is one the most Rutor glacier is the most
studied glacier. All dataset studied glacier by UNIMIB
used derived by UNIPD DISAT and there is a
TESAF work (Carturan et all, sufficient dataset to start.

2007, 2012, 2013)
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MMGD Input: DEMs
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MMGD Input: FLOWLINE ; 2 =
T

Flowlines calculated with Grass r.flow used in Qgis and corrected by a geomorfologlcal
analysis to choose the most probably.
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MMGD Input: Polygons

Polygons are used in MMGD as intersect surface to misure the length of the flowline and to
obtain the DTM statistics for a single year.

Polygons years:

*1933
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From MMGIlacierData to Minimal Model SN (=— G
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ml::i = @
Minimal model accuracy using input data from MMGD(b) or input data from literature and
averages.

Minimal Model Results:

Rutor: east flow line - Miminal Model, improving input
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Minimal Model Results:
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Careser: minimal model - global climate model RCP 4.5 and reglonal Protheus
2000

CMIPS,, e—
CSIRO,, m—

romivs; — | Future projection using RCP 4,5
scenario for CMIP5 and CSIRO
global model. Comparison with
regional climate model
PROTHEUS based on SRES.
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Glacier retreat
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