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Changes at h igh elevation: Extreme & extremely fast !
Switzerland

SNOWPERMAFROST (Poster J. Nötzli)GLACIER ICE (Talks yesterday)

Elevation-dependent climate change in 

mountain environments

Pepin et al., Nature Review 2025

Data: PERMOS and SLF.
Data: PERMOS and SLF.

Data:  SLF

Data:  GLAMOS



(New) risks caused by rapid climate change and extreme weather in 

high mountain regions

VExtremely fast changes of the mountain 

environment and (new) process interactions 

(compount events)

VIncreasing complexity, frequency, and 

magnitude of risks and hazards

VEvents without precedent (ñblack swanò)

IPCC 2022

Piz Scercen 2024 Blatten 2025

Bondo 2017 Fluchthorn 2023

Credit: Mario Pasini

Credit: Reuters

Credit: AFP

Credit: Kronen Zeitung.



(New) risks caused by rapid climate change and extreme weather in 

high mountain regions

VExtremely fast changes of the mountain 

environment and (new) process interactions 

(compount events)

VIncreasing complexity, frequency, and 

magnitude of risks and hazards

VEvents without precedent (ñblack swanò)

üEarly detection, warning and adaptation 

measures are increasingly important, 

more than ever. 

üLong -term observations are key 

IPCC 2022
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Bondo 2017 Fluchthorn 2023

Credit: Mario Pasini
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× òEarly warning systems can only be designed on the basis of robust and 

long -term observationsò 

× ñThe cryosphere is notoriously under -observed at the global scale, 

especially in high -mountain areasò 

× ñProgress towards a more comprehensive observation coverage should be 

sought by improving the link between the in -situ, remote sensing, modelling 

and re -analysis communities. ò 

× ñKnowledge transfer, especially to less developed countries around the 

globe, is a great opportunity for making the GAW and GCOS programmes more 

valuable at the global scale. 

× ñData maintenance and sustainability ò

This talk:

Focus on five key points from the 2022 GAW/GCOS White Paper.
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Piz Scercen 2024 Blatten 2025
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×òEarly warning systems can only be designed on the basis of robust and 

long -term observationsò 

Credit: Mario Pasini

Credit: Reuters

Credit: AFP

Credit: Kronen Zeitung.



Mass movement: A result  of  multiple factors :
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ÁRock structure

ÁRock properties

ÁTopography

ÁGlacial erosion

ÁPermafrost

ÁWater inflow

ÁGlacial retreat

ÁThermomechanical effects

ÁChemical processes

ÁEarthquakes

Piz Scercen 2024 Blatten 2025

Bondo 2017 Fluchthorn 2023

×òEarly warning systems can only be designed on the basis of robust and 

long -term observationsò 

But mostly  triggered  by changing  

cryospheric  conditions  and extreme 

weather  events  

Credit: Mario Pasini

Credit: Reuters

Credit: AFP

Credit: Kronen Zeitung.
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×òEarly warning systems can only be designed on the basis of robust and 

long -term observationsò 

Mass movement: A result of multiple factors:

ÁRock structure

ÁRock properties

ÁTopography

ÁGlacial erosion

ÁPermafrost
ÁWater inflow

ÁGlacial retreat

ÁThermomechanical effects

ÁChemical processes

ÁEarthquakes

But mostly  triggered  by changing  

cryospheric  conditions  and extreme 

weather  events  

Credit: AFP
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Example  Blatten - Was it  predictable  ?

Factor Permafrost 

Study on future hazards and risks posed 

by frozen rock faces (commissioned by 

the Canton of Valais, 2022):

ü Kl. Nesthorn has been identified as 

one of the 15 hotspots in the 

canton!

ü The study was essentially based on 

long -term cryospheric data!



Swiss National GAW/GCOS Symposium ïMarch 25 to 26th 2026

ALOS-2 Palsar(JAXA)

SAOCOM (CONAE)

Example  Blatten - Was it  predictable  ?
Observed Initial Displacement Anomaly at Kleines Nesthorn

L-Band sensors 



Swiss National GAW/GCOS Symposium ïMarch 25 to 26th 2026

Example  Blatten - Was it  predictable  ?
Observed Initial Displacement Anomaly at Kleines Nesthorn
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09 June 2025

09.06 vs 11.06.2025

We test commercial very high temporal and 

spatial resolution satellites that provide 

prompt information in case of catastrophic 

events.

E.g. ICEYE (radar satellite) provides very 

high -resolution data day and night, 

independent of atmospheric conditions



Ç Several indications from long -term and 

earth system data:

VStudy on permafrost (2022) indentified Kl.  

Nesthorn as a hot spot 

VInitial Displacement Anomaly at Kl. Nesthorn

has been detected by satellites since 2017

Example  Blatten - Was it  predictable  ?
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ñes brökelt momentan überallò 

(ñsmall events occur currently 

all the time and everywhereò)
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Ç Several indications from long -term and 

earth system data:

VStudy on permafrost (2022) indentified Kl.  

Nesthorn as a hot spot 

VInitial Displacement Anomaly at Kl. Nesthorn

has been detected by satellites since 2022

Ç The challenge  for  decision  makers : 

Example  Blatten - Was it  predictable  ?

Ç BUT, early  detection  is  essential 

for  taking  action                           

for instance, installing GPS early   

(2 years and not 2 weeks before an 

event)

ñes brökelt momentan überallò 

(ñsmall events occur currently 

all the time and everywhereò)

Credit: AFP



Early detection /monitoring  @ WSL-SLF/CERC

For example: Piz Buin Pitschen (Ct. Grisons)

Topography of Piz Buin Pitschen is too 

steep for satellite-based observation!

Credit: SLF



Piz Buin Pitschen ïPreventive Data Acquisition

V Ground -based radar interferometry V Drone -based, photogrammetric

V Seismometer
V Long -term surface change

Credit: SLF

Credits: 

S. Weber (SLF)



Piz Buin Pitschen : Motion detection: Digital Image Correlation (DIC)

2024-2025

Drone-based, photogrammetric digital surface models DSM

Credits: SLF



Piz Buin Pitschen : Yearly drone flights since 2020  

Credits: SLF



× «The cryosphere  is  notoriously  under -observed  at the global scale , especially  

in high -mountain  areas»

× ñProgress towards  a more  comprehensive  observation  coverage  should  be 

sought  by improving  the link between  the in-situ, remote sensing , modelling  and 

re-analysis communities .ò 

ü Long-term cryospheric data are key for early detection/warning and 

related action, and also for the validation of satellite data

But:



üHow to fill data gaps at high elevations ?
E.g. precipitation / SWE (the few data available at high elevation show high 

inaccuracies and uncertainties (WMO - SPICE; Nitu et al. 2018)

× «The cryosphere  is  notoriously  under -observed  at the global scale , especially  

in high -mountain  areas»

× ñProgress towards  a more  comprehensive  observation  coverage  should  be 

sought  by improving  the link between  the in-situ, remote sensing , modelling  and 

re-analysis communities .ò 

ü Long-term cryospheric data are key for early detection/warning and 

related action, and also for the validation of satellite data

But:
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×E.g. Cosmic Ray Sensor (CRS): temporally continuous SWE observations

-> Low-to-no maintenance, robust, transportable, reliable 
(intensively tested in the Swiss Alps, PhD Gugerli, SNF Grant;

Gugerli et al. 2019, 2020, 2021, 2022) 

How to fill data gaps at high elevations?

Increase # of in-situ observations, reliability and spatio-temporal coverage

Pacini et al. 
(2017)

Credits: R. Gugerli


