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Motivation 

Increase in surface temperatures has important consequences for the hydrological cycle in regions 
where water supply is currently dominated by melting snow or ice. In a warmer world, less winter 
precipitation falls as snow and the melting of winter snow occurs earlier in spring. Even with 
constant precipitation, these effects lead to a shift in peak river runoff to winter and early 
spring, away from summer and autumn when demand is highest. Where storage capacities are not 
sufficient, the winter runoff will be lost to the oceans. With more than one-sixth of the Earth's 
population relying on glaciers and seasonal snow packs for their water supply, the consequences 
of these hydrological changes for future water availability—predicted with high confidence and 
already diagnosed in some regions—are likely to be severe. 

From: Barnett et al., 2005, Nature 438, 303-309.
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Climate change in the Alps

Evidence from present knowledge indicates European Alps are undergoing noticeable and
measurable transient climate change and their hydrological cicle is impacted

Thermal shift within Alps since 1980s, albeit sinchronous with global warming, seems at least twice
as much global climate signal, and the Alps underwent more than +2°C increase of lowest
temperatures dyring XX century, with substantially unchanged precipitation, but with a marked
decrease of snowfall (e.g. Diaz & Bradley, 1997; Beniston, 2000; Beniston et al, 2003).
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2007-2009 CARiPANDA, Cambio climatico e risorsa idrica nel Parco 
Naturale dell’Adamello, Fondazione Cariplo.

2009-2010 Budget idrologica del ghiacciaio Dosdè (Valtellina, Italy). 
LEVISSIMA Italia.

2010-now. IDRO-STELVIO. Una rete idrometrica per il Parco dello 
Stelvio, Finanziato da Parco Stelvio.

2010-2012. SHARE-Stelvio. Un Parco – Osservatorio per lo studio dei 
Cambiamenti Climatici e Ambientali in alta quota. Regione Lombardia.

2010-2013. Share-Paprika. Effects of climate change on water resources 
in the Karakoram range (Pakistan, Asia). EVK2CNR

2010-2013. SEED, Social, Economic and Environmental Development for 
the realization of Central Karakorum National Park (CKNP). EVK2CNR

2011-2013. I-CARE. Impact of Climate change on Alpine water 
REsources: the case of Italy and Switzerland. 5x1000 Politecnico di 
Milano.

2012. Programa plan de acción para la conservación de glaciares ante el 
cambio climático. Dirección General de Aguas, Chile.

2014-2015. Dudh Koshi Hydrology. A hydrological modeling framework for 
the Dudh Koshi catchment, Sagarmata National Park.

Some past activity @ POLIMI (+ UNIMI)
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Climate-Lab

Ongoing activities @ Polimi

Scientific purpose:

1) Monitoring of key variables/processes at urban, regional, basin scale;
2) Providing services for those interested in climate change impact assessment.

Recently Politecnico di Milano joined CMCC Foundation (Centro Euro-Mediterraneo sui Cambiamenti
Climatici), an institution with large experience in the field of climate/ocean/landscape modeling,
and in general of climate change mitigation, and adaptation.
Climate-LAB mission is to (contribute to) initiate a cooperation in this area between Polimi
personnel (Depts.) working in the field of climate change, and with CMCC

Interdipartmental Lab, call 2016, Depts DICA, DEIB, DASTU, ABC
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Pieces of evidence-1
The large scale: Italian Alps

Question(s)

1) Did hydrological cycle change in Italian catchments lately ?
2) Drivers of this change ?

We sistematically 
investigated long term 
(1921-2011, with variable 
length of data series) 
changes of yearly and 
seasonal discharges of 
23 Alpine rivers in 
Northern Italy, to 
evidence non 
stationarity, and trends 
using linear regression, 
and Mann Kendall test, 
traditional and 
progressive. 
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Pieces of evidence-1

For specific (i.e. per contributing area) winter 
decrease is seen below 1800 m asl or so, while 
increase is found above, and the more Northern 
the larger the increase. Specific discharges 
during spring mostly decrease in time, and more 
so for increasing outlet altitude, while summer 
specific discharges always decrease, and more 
notably with increasing altitude of the 
contributing catchment.

LR [m3s-1km-2y-1E4].

LR [m3s-1km-2y-1E4].
Hydrological changes in the Alpine stream 

water resourcess

REGULATION ?????
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NAO and global thermal anomalies DT are 
correlated against the rate of variation of 
hydrological fluxes, with the intensity of 
correlation linked to altitude and longitude. 
The observed trends may be explained by:

i) Trading of rainfall for snowfall during 
winter, resulting into larger flows, and 
affecting more highest catchments and 
Northern areas, 

ii) Lack of snow cover at thaw, and 
shrinking of ice covered areas, 
decreasing melt water deliver during 
spring, and summer, more evident at the 
highest altitudes, and 

iii) Increase of evapotranspiration driven 
by temperature, leading to increased 
soil moisture uptake and decreased in 
stream fluxes at the intermediate 
altitudes. 

EDUCATED GUESS !!!!

Pieces of evidence-1
A0 is outlet altitude
Am is average altitude

Long is Longitude 
NAO is northern atlantic oscillation 
DT is global thermal anomaly
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Idrostelvio   2010 - ??; or the local scale

Scientific question:

1) (Is it) possible to locally monitor/model hydrology of high altitude catchments ?

Pieces of evidence-2

GHIACCIAIO DEI FORNI !!
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We are now able to model streamflows in the Park

Pieces of evidence-2

Ghiacciaio dei Forni !!! 
Ca. 10 km2
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The Dosdè project: Febbre glaciale !!! ; or the contribution of  cryosphere to hydrology
Question
1) Can we track glaciers’ mass balance, and contribution to hydrology ?

Pieces of evidence-3

2009-now !!

tremendous field effort

AWSs stations, valley, supraglacial,
hydro station (2000 m a.s.l.), snow 
pits, 
ablation stakes, GPR thickness 
surveys, modeling… 
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Pieces of evidence-3

We have account of
mass balance, and
hydrology
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A glance into the (likely) future

Question

1) Can we project forward future cryospheric/hydrologic behaviour ?

Bernina-Mallero case study
Heavily regulated

Little hydrological
information !
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Ice mass budget can be deduced remotely

A glance into the (likely) future

DEM 2007- DEM 1981 = IWEm

Altitude difference can be used to assess ice melt in
water equivalent.
Ice/snow melt can be modelled using mixed approaches,
using temperature T, radiation global G

Difference of ice covered area ICA can be used to
validate modeling
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A glance into the (likely) future
Using IPCC projected climate scenarios we can then project forward the fate of the cryosphere,
and of water resources

We represent here (glacier-wise) best/worst
case,projected at 2100

Stream flows at 2050, 2100

Ice contribution !!! 
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And worldwide ???

Chile: large monitoring, high altitude network

Case study: Maipo river, Santiago

(Austral) summer flow decreasing until 2100
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And worldwide ???

Southern Himalaya (Nepal): loose high altitude hydrological network, some AWS stations

Case: the Dudh Koshi catchment, Everest region

Activity in cooperation with EVK2CNR, Pyramid Lab 
(5050 m a.s.l.)

Stream flows at 2100 
largely decreasing
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And worldwide ???

A comparison of (projected) glaciers’ evolution in
these three areas

Different stages of the same
process ???
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The Karakoram anomaly ???

We studied shigar river at the  toe of 
K2 Anomaly ?

Ice volume
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• Recent studies provided clues of modified hydrological cycle in the Alps of Italy, shrinking of ice 
covered areas, and shorter snow cover duration.

• Decreased snowfall per increased temperatures results into increased fall and winter floods, and 
subsequently earlier melt and decreased instream flows in summer. 

• Projected hydrological behavior until half century of instream flows for a some case study  
catchments in the Alps (e.g. Serio, Oglio, Mallero, Adda) displays potentially enhanced trends as 
reported above, with very large shrinking of ice covers, and noticeable shifts of hydrological cycle, 
with potential fallout on water resources, and the riverine  environment. 

• Water management for agriculture/hydropower during summer will be affected.

• Worldwide continental glaciers are similarly undergoing (and will undergo) a phase of retreat, and 
subsequent hydrological changes, albeit with different timing.

Conclusions (so to speak !!)
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