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Cryosphere Warming

Post et al. 2019



Cryosphere Warming



Arctic and Alpine “Greening”



Cryosphere Warming



Cryosphere Warming

Global Forest Watch



Permafrost

Permafrost: ground that 
has been frozen for at 
least two consecutive 
years (often for 
hundreds of thousands 
of years)

Active Layer: overlays 
permafrost, this layer 
thaws each summer 
and freezes again in 
winter.

Ice Wedge: a crack in 
the ground formed by a 
narrow piece of ice and 
extends downwards 
into the ground.

C. Taylor







Permafrost

Continuous vs 
Discontinuous 
permafrost

Talik: Portion of year-
round unfrozen ground 
in a permafrost zone



Permafrost

Obu, 2019



Permafrost thaw

L. Sanguineti





Permafrost thaw

Abrupt thaw processes thermokarst lake 
formation in ice-rich continuous permafrost

Zandt, 2020

M. Schwab



Permafrost thaw

Infrastructure damage



Coastline erosion

Permafrost thaw



Coastline erosion

Permafrost thaw







Permafrost x Forest Fires



Permafrost x Forest Fires



Permafrost carbon stores

Map of estimated 0

northern circumpolar permafrost region. Panels show 0

and 0

regions while 1

for areas of thick thin 

Azimuthal Equidistant, datum: WGS84. 



Permafrost carbon stores

 Pleistocene: 

• 2.58 million to 11,700 years ago
• Repeated glaciation events

Kjær, 2022



Permafrost thaw positive feedback
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Atmospheric Methane

• Second most important anthropogenic GHG

• ~30X more global warming potential compared to CO2

• Increase from ~700ppb during preindustrial times to ~1900ppb in 2019



Sources Sinks

IPCC, AR6
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Sources
Anthropogenic Natural

Sinks

CH4 + •OH →  •CH3 + H2O 



Methanogens 

CH3COO− + H+ → CH4 + CO2

4 H2 + CO2 → CH4+ 2 H2OHydrogenotrophic

Methylotrophic

Acetoclastic

4 CH3OH → 3 CH4 + CO2+ 2 H2O

CH4 generating

Methanobrevibacter 
ruminantium

Miller et al. 1986

Sources Sinks

Anaerobic environments



Methanogens 
Methanotrophs

CH3COO− + H+ → CH4 + CO2

4 H2 + CO2 → CH4+ 2 H2OHydrogenotrophic

Methylotrophic

Acetoclastic

4 CH3OH → 3 CH4 + CO2+ 2 H2O

CH4 generating

Methanobrevibacter 
ruminantium

Miller et al. 1986

Sources

Hur et al. 2016

Methylomonas sp.

CH4 consuming

CH4 →  CH3OH

Methane oxidation & 
assimilation as a carbon 

source

Sinks

Anaerobic environments
Aerobic environments



Permafrost thaw positive feedback
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M. Schwab

CH4 CO2



Alpine Permafrost





Alpine Permafrost



Alpine Permafrost

PERMOS, 2023







Plaine Morte





Warmer temperature 
stimulates microbial 
metabolism

Permafrost zones in 
the Alps act as sinks 
of CH4

CH4 →  CH3OH
Methanotrophs







‘

Sea Ice Loss



‘

Sea Ice Loss
Increased shipping activity in the Arctic ocean
 - oil prospecting
 - commercial and private boat traffic

Increased risk of oil spills and fuel contamination

Exxon Valdez oil spill - 1989
Smith et al. 2013

The Arctic Institute



Arctic oil spill 
Nutrient addition

Extremely oligotrophicNitrogen

Biostimulation



Arctic fuel spill 



Arctic fuel spill 

OilNo Oil Oil+ Fertilizer
MAP & S200



Arctic fuel spill 

Large scale population changes 
and loss of biodiversity

Increase in species with 
hydrocarbon degradation ability

Oil  degradation

Flavobacteriales
Burkholderiales
Sphingomonadales

Chitinophagales
Xanthomonadales
Granulosicoccales

Pseudomonadales

No 
Oil

Oil Oil + Fertilizer



Snow Landscapes



Touchette at all. 2023. In review 

‘

Snow is a Microbial Habitat



‘

Reduction of Snow Cover and 
Depth in Alpine Ecosystems

• Reduced albedo

• Loss of snow insulation 

• Loss of native local biodiversity

• Reduced soil microbial buffering capacity
 



Soil and snow interplay

Winter Snowmelt

Solutes



Snow inhabiting 
organisms

Dry deposition Wet deposition

Long-distance
transport

Short-distance
transport







Community 
structure and 

function

Sequencing

Culturable 
microorganisms

CFU 
enumeration

Bacterial 
abundance

Flow 
cytometry

Chemical 
composition

IC* 
measurements

What is the chemisty?

Community 
activity

Biolog 
Ecoplate

How many microorganisms are 
there?

Who are they? What are they
doing?



Meteodata

Anastasiia Kosolapova 6204.11.2024



Focus on local snow microbial biodiversity and 
biogeographic distributions of species in 
neighbouring valleys



Monitor soil temperature, snow depth, and  snow 
chemistry/microbiology across altitudinal gradients to 
understands their impacts on soil biodiversity 



Monitor soil temperature, snow depth, and  snow 
chemistry/microbiology across altitudinal gradients to 
understands their impacts on soil biodiversity 

Lichen species

Bacteria
Fungi
Algae



Glacial Outwash Plains
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Microbiome drivers

Near Glacier

Furthest 
from the 
glacier

Vegetated 
areas
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Gas Fluxes

CH4

CO2



75Upscaling: Mapping Greenland outwash plains 
~4000 km2

Summer 2023 Outwash plains annotations

Geographic distribution







Cryo2-biobank



Cryo2-biobank

▪ Strains of bacteria and fungi isolated from cryosphere envronments are deposited in glycerol at -80°C
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