I0CC & e

INTERGOVERNMENTAL PANEL ON climate chanee WHO

SIXTH ASSESSMENT REPORT
Working Group | — The Physical Science Basis

Projections for the Antarctic ice sheet
contribution to sea level change

Tamsin Edwards
King’s College London



SIXTH ASSESSMENT REPORT IDCC @) 52,

Working Group | — The Physical Science Basis INTERGOVERNMENTAL PANEL On Climate change  wwo 1

What’s new in the literature?

* Lots of new literature since AR5 — even since SROCC

» Wide range of model projections, particularly to 2100:
* ISMIP6 multi-model projections [Seroussi et al. (2021); Payne et al. (2021)]
* Emulated [Edwards et al. (2021)]
« LARMIP-2 multi-model response functions (dynamic only) [Levermann et al. (2020)]

* Marine Ice Cliff Instability (MICI) projections [DeConto et al. (2021)]
+ Differences largely explainable by:

« assumed probability distribution of basal melt sensitivity to ocean warming

* ice sheet response to basal melt sensitivity and/or ice shelf collapse

* Plus Structured Expert Judgement (SEJ) [Bamber et al. (2019)]
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What’s new in AR67?
Projections
» Forcings for ISMIP6 emulator and LARMIP
= ARG global mean temperature projections! Assessed
» Applications of existing methods beyond 2100: climate
sensitivity
o LARMIP extension to 2300 l
o constant rate of ice sheet loss
Ice sheet and Emulators of climate, CMIPS
glacier ocean and land ice simulations
simulations l
Uncertainty assessment
Landice Thermal
» p-box approach to combine estimates contribution  Expansion
» Ice sheet processes that are very uncertain / may not
be fully represented in models presented separately: Tarrestrl

o Low Likelihood High Impact (LLHI), low confidence, R NSRS — water storage

17t-83d percentiles not likely ranges
Schematic based on 9.6.3.2; Table 9.7; 9.SM.4



Projections to 2100

[Credit: Shari Gearheard | NSIDC]
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Methods: Table 9.7
N L

Antarctic ice sheet Medium confidence processes up to 2100 *:

(excluding peripheral p-box of
glaciers) (1) Emulated ISMIP6
(2) LARMIP-2 + AR5 surface mass balance model applied to CMIP6 models

Low confidence processes**:

(1) Marine Ice CIiff Instability
(2) Structured Expert Judgement

* Forced with ARG two-layer ** 17t-83d percentile range from p-box of medium and
model GSAT projections low confidence processes, not an assessed likely range
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Continued ice loss over the 21st century is likely for the Antarctic Ice Sheet

Antarctic Ice Sheet Cumulative Mass Change & Equivalent Sea Level Contribution
(b) 4 Modern & Projected Changes ] 2200 s

g 1 Rigm‘ A | (e |Lvans
s 0 == 0
2 » m
£ -4 0.1
§ 10° Gt
2 -8 02
- !
3 12 —— Emulator median (SSPs) 103
£ Emulator 90% range '
= I Emulator 66% range 04
2 -16 ¢ ISMIP6 models (RCPs/SSPs) -
- 1980 2000 2020 2040 2060 2080 2100
ISMIP6 LARMIP-2
+
emulated

SPM B.5.2 , ,
h Medium confidence
Figure 9.18 processes
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AR6 compared with ARS/SROCC at 2100: Table 9.8
o RP26 |  sspi2e |

m rel. to 1995-2014 processes
0.06 0.04 0.11 0.08 0.09
(-0.04-0.16) (0.01-0.11) (0.03--0.27) (0.06--0.12) (-0.01--0.25)

RCP 8.5 ssp585 |
AR5 SROCC Medium confidence MICI SEJ
processes
0.04 0.12 0.12 0.34 0.21
(-0.08-0.14) (0.03-0.28) (0.03--0.34) (0.19--0.53) (0.02--0.56)

Compared with SROCC:
* Low emissions: higher median and upper end

* Very high emissions: same median, higher upper end
* Low confidence: SEJ is also in SROCC
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It is virtually certain that global mean sea level will continue to rise
over the 21st century

84t percentile “approaching 2m”
d) Global mean sea level change relative to 1900

m o p-box of low confidence ice sheet
2 -
confidence processes (SE.J apd MICI)..
SEJ defines this (i.e. MICI lies
n2 Low-likelihood, high-impact storyline, within it)
including ice sheet instability o
1 processes, under SSP5-8.5 > o

0.5 SSP1
e ey — p-box of medium cgni‘{dence
0 : processes (Antarctica: ISMIP6
confidence
1950 2000 2020 2050 2100 and LARMIP2+SMB)
SPM B.5.3

Figure SPM.8



Projections beyond 2100

. SRy B ’ J
[Credit: Shari Gearheard | NSIDC]
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Methods: Table 9.7
N

Antarctic ice sheet Medium confidence processes after 2100*:

(excluding peripheral glaciers?) p-box of:

(1) AR5 parametric Antarctic ice sheet model
(2) LARMIP-2 + AR5 SMB model

extrapolated based on »
(a) constant post-2100 rates, or
(b) quadratic interpolation to multi-model assessed** 2300 range

Low confidence processes™**:

(1) Marine Ice Cliff Instability
(2) Structured Expert Judgement
* Forced with ARG two-layer ** Post-SROCC literature assessed: *** a5 before

model GSAT projections Rodehacke et al., (2020); Lipscombe et al. (2021);
DeConto et al. (2021); Extension of LARMIP-2 + SMB with AR6 forcing
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Underlined = in Figure SPM.8 (add 0.16 m

Projections at 2300: Table 9.11 as rel. to 1900)

el ow ] rP26 ] ______________________________ssh126 |

_ AR5 SROCC glfolge-sheet acceleration after ?srslterisbsuet?o::e-sheet MICI SEJ
m rel. to 1995-2014

0.21-0.25 -0.05-1.14 -0.14--0.78 0.71--1.35 -0.11--1.56

| Hgh | RrRCP85 [ _____________________________ssps85

_ No ice-sheet acceleration after As:ter .Sbsef ::;e-sheet MICI SEJ
m rel. to 1995-2014 AR5 SROCC 2100 contributio

0.02-0.19  0.60-2.89 -0.39--1.55 -0.28--3.13 6.87--13.54 0.03--3.05

Compared with SROCC:
*  Wider ranges, particularly at upper end:

o ~1m higher under SSP1-2.6
o  MICI much higher than DeConto and Pollard (2016) under SSP5-8.5, largely due to higher maximum ice-cliff calving rate
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¢) Global mean sea
level change in 2300
relative to 1900

Beyond 2100, global mean sea level will continue to ==z
rise for centuries due to continuing deep ocean heat |
uptake and mass loss of the ice sheets

(high confidence)

By 2300, GMSL will rise

between 0.3 m and 3.1 m under SSP1-2.6

between 1.7 m and 6.8 m under SSP5-8.5 in the g )
absence of Marine Ice CIiff Instability

and greater than 15 m cannot be ruled out under

SSP5-8.5 considering Marine Ice Cliff Instability 0 e macm o vt changn it 0 1900
(low confidence) 19 . 3

Figure SPM.8 o e w m = " 2300



“There’s no going back from
some changes in the climate
system. However, some
changes could be slowed and
others could be stopped by
limiting warming.
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Thank you.

More Information: Follow IPCC:
IPCC: www.ipcc.ch £ @IPCC
Many thanks to: L 4 @IPCC_CH

Chapter scientists Gregory Garner & Tim Hermans In linkedin.com/company/ipcc

The Chapter 9 Author Team


http://www.ipcc.ch/
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GMSL projections at 2100: Table 9.9

INTERGOVERNMENTAL PaNEL on Climate change

wro UNEP

SSP5 8.5 Low

0.10 (0.03--0.25) 0.11 (0.03--0.27)  0.11 (0.03--0.29)

0.44 (0.32--0.62)

0.56 (0.44--0.76)

0.11 (0.03--0.31)

0.68 (0.55--0.90)

0.12 (0.03--0.34)  0.19 (0.02--0.56)

0.77 (0.63--1.01)  0.88 (0.63--1.60%)

NP0 0.38 (0.28--0.55)
m
2

e Low-likelihood, high-impact storyline,
including ice sheet instability )
1 processes, under SSP5-8.5—— .-
SSP5-8.5
. 7.Q
26
0.5 1.9
0
1950 2000 2020 2050 2100

Antarctic medium confidence:
p-box of emulated ISMIP6 and LARMIP-2

Low confidence: p-box of medium confidence,
MICI for Antarctica, SEJ for ice sheets

Red = quoted in SPM text

*

approaching 2m”

Underlined = shown in Figure SPM.8
(add 0.16 m as rel. to 1900)
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ARG6 compared with ARS/SROCC at 2100: Table 9.8
| Rrep26 | ssp12e | _RcP85 | sspsgs |

Medium Medium
AR5 SROCC confidence MICI SEJ AR5 SROCC confidence MICI SEJ
m rel. to 1995-2014 processes processes

. . 0.34 0.21
m ?8%4 0.04 T <gco)2 0.09 (- 004 ¢ 0120003 445 0.03- (019~  (0.02--
) (0.01:011) (0.03-0.27) = 0.01--0.25) 0.08-0.14)  0.28) e e e

0.41 0.53 0.99 1.00
0.41 0.40 0.44 0.71 0.81 (0.58- . :
Total (2100) (0.25-0.58) (0.26-0.56) (0.32--0.62) f)ofg; 80'73;" (0.49-0.95)  1.07) .77 (0.82— (070~

(0.63--1.01) 1.19) 1.60)*

Red = in SPM text

Underlined = in Figure SPM.8
(add 0.16 m as rel. to 1900)
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Underlined = in Figure SPM.8 (add 0.16 m

Projections at 2300: Table 9.11 as rel. to 1900)

! ow |l RCP26 [/  SSP1-26 |
No ice-sheet Assessed ice-

_ Post-AR5 Published acceleration after sheet MICI SEJ

m rel. to 1995-2014 ARS SROCC range 2100 contribution

(Antarctica @ | 0.21-0.25 -0.05-1.14 -0.14--0.78 0.71--1.35 -0.11--1.56

I

0.38-0.82 0.57-1.04 0.3--2.9 0.8-2.0 0.6--1.5 1.4--2.1 1.0--3.1

1 High |  RcP85 | _____ SSp585 |
Post-AR5 Assessed ice-

_ Published range No ice-sheet sheet MICI SEJ

m rel. to 1995-2014 ARS SROCC without (with) MICI  acceleration after 2100 contribution

I A 0.02-0.19  0.60-2.89 -0.39--1.55 -0.28--3.13 6.87--13.54  0.03--3.05

I

Total (2300) 0.89-3.56 2.25-5.34 1.7--6.8 (up to 14.1) 1.7-4.0 2.2--5.9 9.5--16.2% 2.4--6.3

* “greater than 15m”
Estimates for ARG:
* No ice-sheet acceleration after 2100: extrapolation with constant rate of mass loss
+ Assessed ice-sheet contribution: range of literature including extension of LARMIP-2 yellow = see next slide for studies
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GMSL projections to 2300 in literature (Table 9.SM.8)
P T Y Y T

[ 67% o0% 67%

Kopp et al., (2014 MED 0.3--2.9 -0.2--4.7 0.7--3.5

MED 0.8--1.4 1.8--2.3
MICI 0.8—2.3 0.5--3.0 2.8--6.0
Survey 0.54-2.15 0.24-3.11

* Corrected to 3.1 m using ARG for non-land ice contributions

90% 67% 90%

0.0--5.3 1.8--5.2 1.0--7.4
3.4--6.8
1.7--4.5**

2.1--7.0 9.8--14.1 9.1--15.5
2.6--6.5 1.8--11.8
1.67-5.61 0.88-7.83

** 5-95" percentiles interpreted as 17th-83rd



