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Greenland ice sheet
Ice loss accelerating

Boreal forest
Fires and pests
changing

Amazon rainforest
Frequent droughts

)) Tipping points
= Connectivity

RAISING THEALARM

Evidence that tipping points
are under way has mounted
in the past decade. Domino
effects have also been
proposed.

Why?? Climate tipping points

Arctic seaice
Reduction in area

W Atlantic circulation
=28l |n slowdown since 1950s

' West Antarctic ice sheet
N ce loss accelerating

Permafrost
Thawing

Coral reefs
Large-scale die-offs

Wilkes Basin,
East Antarctica
Ice loss accelerating

»
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How much is it
to insure the climate system?

risk = probability x damage

emergency = risk x urgency

reaction time
intervention time

= risk x

E=RxU=pxDx7/T

If reaction time is longer than the
intervention time left (1/ 7> 1),

we have lost control.
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’ A brief history of Earth’s climate

Temperature of planet Earth

[ Pal | Eocene | ol | Miocene | Holocene
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Sea level from palaeo reconstructions w.r.t. 1900 (IPCC ARG)
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Significant probability only under high emissions scenarios

[ ] significant probability under middle-of-the-road emissions scenarios

Relevant for sea level change

Marine methane hydrates :

AMOC collapse
| AMOC slowdown

Long-term collapse of East Antarctic ice sheets

Long-term collapse of Greenland, West Antarctic ice sheets |

| Large carbon release from thawed, decomposing permafrost

| Large-scale ecosystem shifts across boreal forest zone

| | Shift of Amazon rainforest to savanna-like vegetation . .
e | Loss of most shallow tropical stony corals we | I ke |y comm |tted al ready

[ | Ice-free Arctic Ocean in some summers
1 L L L 1 L
] ] | I | |
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Want et al.,2023




\Why are ice sheets important?
Unique paleo-climate archive

O™ 2024 mean

 ~423 ppm
400 CEE)—\ [ppmv]
350
300

250

EPICA ice core, Concordia station

— (0, proxies in marine sediments 80 e el 20 » temp proxy in marine sediments s eber sl 0:0)

— (0, concentration in ice enclosures 3.vue o Higains ot (2015 glacial-interglacial cycle

mid-pleistocene transition




Sl . . 1a) \V//
- Why are ice sheets important? SV
Unique paleo-climate archive
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\Why are ice sheets important?

1. Paleo-climate archive 2. Sea level change

Antarctic
ice dynamics
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Beyond EPICA, 2019 Slater et al., NCC, 2020



\Why are ice sheets important? eV

1. Paleo-climate archive 2. Sea level change

IIIII

Correct interpretation & projections:
* Ice dynamics

* Forcing

 Ice properties and subglacial conditions
— on-site observations

OLDEST ICE
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Beyond EPICA, 2019 Slater et al., NCC, 2020
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\Why are ice sheets important? SV

Sea level change
(relative to 1900)

Low-likelihood, high-impact storyline,
including ice-sheet instability ;
processes, under SSP5-8.5—> .-

SSP5-8.5
SSP3-7.0

SSP1-2.6

measurements

2000 2020

IPCC, ARG, 2021
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Single events — compound effects o' \V/

low likelihood

Quelle: RND, DPA (Vaggelis Kousioras), RND



Single events — compound effects Y/,
low likelihood

Quelle: RND, DPA (Vaggelis Kousioras), RND
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\Why are ice sheets important?

Sea level rise greater than
15 m cannot be ruled out

Sea level change
(relative to 1900)
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(d) Global mean sea level change relative to%900

Low-likelihood, high-impact storyline,
including ice-sheet instability
processes, under SSP5-8.5—

st

IPCC, ARG, 2021 2000 2020
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How to characterise an ice sheet

When? What?
past reconstructions i I AL
present observations

future projections

How?
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modelling ’




- Beyond EPICA, Little Dome C, Antarctica =Y/

Pre-site survey: 2017 — 2020
Ice-core drilling: 2021 — 2025
Scientific analysis: 2026 — 2030
Working conditions: Nov. — Jan.
(-50 to =35°C)

Elevation: 3233 m
Ice thickness: 2764 m
Age: >1,200,000 years

Fretwell, 2020
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Beyond EPICA — best reconnaissance “AV/

« Staggered airborne radar surveys (thickness, layering)

« Ground-based surveys (repeat for vertical displacement & horizontal velocity
with pRES & GNSS, radar polarimetry for fabric)

« Rapid Access Ice Drilling (quick sampling)
* Modelling
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» Lower part (250 m) of ice sheet does not participate in dynamics
» Orientation of crystals different for glacials & interglacials

Horizons at EDC

Cont. horizons at LDC

Discont. horizons at LDC

AICC2012 Timescale
mss W/Discont. (1o and 95 %)
m== Cont.only (1o and 95%)

Lilien et al. (2021)

Basal unit

Bed
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2 News on ice dynamics: fabric & basal unit

» Lower part (250 m) of ice sheet does not participate in dynamics
» Orientation of crystals different for glacials & interglacials

Horizons at EDC

Cont. horizons at LDC

Discont. horizons at LDC

AICC2012 Timescale
m== w/Discont. (1o and 95 %)
m== Cont.only (1o and 95%) DELORES
p=7.1+ 2104 m
stagnant ice

LDC-VHF
p=6.4 + 186.0 m
stagnant ice

ApRES fit
p=3.04 + 269.33 m
stagnant ice

Lilien et al. (2021)

Basal unit

Hed Bedrock
Chung et al. (2024)
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News on ice dynamics: fabric & basal unit

» Lower part (250 m) of ice sheet does not participate in dynamics
» Orientation of crystals different for glacials & interglacials
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- What does it look like elsewhere?
And does it matter?

Surface

Melted ice Stagnant ice

Observed bedrock

_Betimap 3

e
Chung et al. (2024)
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As good as it gets ... SCAR Bedmap3

Bedmap 1 Sasis New Bedmap 2
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What does it look like elsewhere?

AWV

Remote observations?

v Airborne & ground-based radar
(regionally low, locally high resolution)

Full continental coverage high resolution?
Satellite observations for ice thickness &
stratification: still missing

(concepts developed repeatedly since 2004, but not
implemented)




S Needed: from LIG to pre-MPT CAVI
— at high quality & resolution —

1.5 Ma BP 120 ka BP 20 ka BP today
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Sutter et al., 2019

Wirths et al.,
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= Simulated grl LGM grl (Bentley et al., 2014 E=——=1 PD grl (BEDMAP2

CO, vs SH ice sheet/sea ice
Reliable Earth system forcing needed!
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Large-scale ice dynamics: stratigraphy
 How widespread are basal units in Antarctica? Are they important for SLR?

Large-scale ice dynamics: fabric
« How does that change ice flow dynamics and large-scale behaviour (MISI)?

Modelling
« How well do models fit to observations (ice core, paleosurface, stratigraphy)?
« All relevant processes incorporated in models? Boundary conditions? Drivers?

Observations:
« Can we map thickness & internal stratigraphy of ice sheets from space?
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@ Open questions: AV

Larges-scale ice dynamics: basal unit

* How widespread are basal units in Antarctica?

* How important are they for ice dynamics, especially w.r.t. SLR?

+ They have so far been ignored, what does that mean for recent large-scale behaviour?
+  What are basal units made of? Refrozen ice? Old, stagnant ice?

+ Do they contain paleoclimate records, which could be dated?

Fabric

*  Why does fabric change between glacial and interglacial units?

* How does that change ice flow dynamics?

* Does this need to be considered for modelling ice-sheet dynamics over time?

Modelling

+ How well do models fit to the ice-core based age of the ice?

* Are all relevant processes incorporated in models?

* How important are external drivers compared to model performance, are they sufficiently considered?



Beyond EPICA — Oldest Ice
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Solvinga challenging enigma in Earth's climate.




