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Cryosphere
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of our planet
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Ice sheets
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Cryosphere

Challenges
for Life
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Arctic and Alpine

9% W
Trend in PAP Mean NDVI With Respect to 1982 (% Per Decade)

o] am =

<20 -10 08 10 20 30 44 50 60 70 >80

2009, 600% increase
+ new species




Cryosphere Warming
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Cryosphere Warming

Carbon emissions
from fires increase
as larger areas burn

Global Forest Watch
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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 againin
winter.

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

I

Permafrost'-:-.

Active layer

2nd winter

e’ C. Taylor
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Permafrost

Small Large

Continuous vs Deep Deep Bog AA
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Permafrost

30°N

30°N

140°W 160°W 180° 160°E 140°E
1 1 1 1 1
— : Z
e
o
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Modelled permafrost zones
- Continuous permafrost (>90 % coverage) OZ
Discontinuous permafrost (50 - 90 % coverage) it 8
Sporadic permafrost (10 - 50 % coverage)
Isolated patches (0 - 10 % coverage)
Glaciers j
1 1 ) ) ) -
40°W 20°W 0° 20°E 40°E Obu, 2019



Permafrost thaw

Greenhouse gas emissions { ¢
Microbe
op activation

Coastal erosion
increases sediment influx

Arctic
Ocean

Infrastructure damage
through shifting and settling
of the ground

Ecosystem damage
and changes







Permafrost thaw

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

Active |

Permafrost

Stage 1

ayer Vegetation
/g

—Ice wedge

Stage 11

Thermokarst lake formation

Stage III

Stage IV

Zandt, 2020

M. Schwab



Permafrost thaw

Infrastructure damage

Ground surface

Active
Layer

Permafrost !

Unfrozen
Ground
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Permafrost x Forest Fires

Abrupt biomass burning (+)

Carbon release (+) T
. Warming
/ Atmospheric drying
‘ ?ensm e heat flux (+)
( W@
3 Ev potkanspiration (-)

w ey )

]

1t

| Temperature > (

q

Permafrost




. 2 3 ' z , —=
Permafrost x Forest Fires /‘”“‘ff '

J
B

successional trajectory

\
7 o ~
|

| FiI €

I\/lature black

spruce-moss
l

| | :
I I N

Young | Dense black | Mature black

Spruce | spruce-moss, spruce-moss JK

|
|
|
|
|
| I |
|
|
I
:

Newly Herb-young
burned shrub

ik

Active - layer
- |

Shrub

Forest floor
I
I

Age (years I

after the fire) 0-1 | Z2—9 | 6 —25 | 26 —50 | 51-100 I1()0—200 i

|
|
|
|
|
l
|
|
|
|
|
I

V

___—____nz'-f‘ ol S e —



Permafrost carbon stores
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Permafrost carbon stores
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Atmospheric Methane

e Second most important anthropogenic GHG

* ~30X more global warming potential compared to CO,

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



Sources Sinks

IPCC, AR6
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Anthropogenic

Biomass
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Anthropogenic Natural
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Sources Sinks

Anthropogenic Natural

Tropospheric
hydroxyl loss

CH:+ *OH - eCHs+ H.0

Tropospheric
chlorine loss

and waste

Stratospheric
loss




Sources

‘ ' /> CH, generating

‘ ‘ Methanogens

Anaerobic environments

Hydrogenotrophic 4 H, + CO, - CH,+ 2 H,0

Acetoclastic CH;COO~ + H* - CH, + CO,

Methylotrophic 4 CH;0H - 3 CH, + CO,+ 2 H,0

Miller et al. 1986

Sinks



Sources Sinks

\‘ =P CH, generating %% =P CH, consuming
“"I\/Iethanogens 0% 0

Q Methanotrophs

. , Aerobic environments
Anaerobic environments

Hydrogenotrophic 4 H, +CO CH,+ 2 H,O
ydrog P 2 » 2 CH, 2 CH4% CH3OH

Acetoclastic CH,COO™ + H* - CH, + CO, Methane oxidation &
assimilation as a carbon

Methylotrophic 4 CH;0H - 3 CH, + CO,+ 2 H,0 source

Methylomonas sp.
e ° e

Hur et al. 2016

Miller et al. 1986
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30°N
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Alpine Permafrost
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Permafrost zonesin
the Alps act as sinks

of CH*
CH, > CH;0H
Methanotrophs
o 047 Warmer temperature
= 0 2_' —_— stimulates microbial
£ . . % metabolism
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Sealce Loss




The Arctic Institute

Sealce Loss

Increased shipping activity in the Arctic ocean }
- oil prospecting
- commercial and private boat traffic b

“wp)

Increased risk of oil spills and fuel contamination T
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Arctic fuel spill




Arctic fuel spill

No Oil il Oil+ Fertilizer
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Arctic fuel spill

100% 1

|l| ]
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Large scale population changes
and loss of biodiversity
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Snow is a Microbial Habitat

N2 R AR

© david.touch



Reduction of Snow Cover and
Depth in Alpine Ecosystems

* Reduced albedo
* Loss of snowinsulation
* Loss of native local biodiversity

* Reduced soil microbial buffering capacity

[’ Climate change
Extent [

‘l' Depth \'

Albedo

Duration

TTemperatu re
fluctuation Root

—— lLiquid water mortality

availability

Freeze-thaw l Nutrients

Cycles uptake

Frost depth
T A

|Biomass | Metabolic activity t Mortality
& respiration

Carbon

‘ Nitrogen

c Community
composition



Soil and snow interplay

Winter Snowmelt
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Snow inhabiting
organisms

%r) Dry deposition Wet deposition ;%g

m ?

Short-distance

Long-distance
transport m ? transport
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Side light scatter (SSC)
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Forward light scatter (FSC)

Flow
measurements enumeration cytometry

Sequencing

Ecoplate

Community
structure and
function

Community
activity

Chemical Culturable Bacterial
composition microorganisms abundance

What is the chemisty? How many microorganisms are Who are they? What are they
there? doing?



Meteodata
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Focus on local snow microbial biodiversity and
biogeographic distributions of species in e o
neighbouring valleys i
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1629 m.a.s.l. Elevation 2036;"3‘5"‘
Forest Vegetation gradient Grassland

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

NMDS2

NMDS1
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Elevation
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Glacial Outwash Plains
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Microbiome drivers
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Gas Fluxes
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Upscaling: Mapping Greenland outwash plains 7
~4000 km?

Summer 2023 Outwash plains annotations
‘ Geographic distribution
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Cryo?-biobank

= Strains of bacteria and fungiisolated from cryosphere envronments are deposited in glycerol at -80°C
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