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Antarctic ice-sheet (AIS) mass loss could have
disastrous consequences for coastal communities
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Antarctic ice-sheet (AIS) mass loss could have
disastrous consequences for coastal communities
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Antarctic ice-sheet (AIS) mass loss could have
disastrous consequences for coastal communities
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Ambiguity in future Antarctic mass loss
drives uncertainty in future flooding hazards
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Antarctic ice-sheet (AIS) mass loss could have
disastrous consequences for coastal communities
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Q: What determines whether we follow storylines of
moderate and extreme increases in flooding hazards?

1. Instability processes
2. Emissions pathways




Instabilities distinguish the “"best” and “worst” outcomes
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Ice mass loss storylines are informed by paleo sea levels

. . . . Total SL
A promising warm period analog is the Budget
Last Interglacial (LIG, ~125,000 yrs ago) |[c Budgetary analyses are used
to examine LIG sea level:
Arctic atmospheric temperature +9 -
+4-8°C
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Ice-sheet model ensembles: LIG peak and future
high emission (RCP8.5) scenarios

Peak LIG AIS Loss in Sea Level Equivalent (m) RCP8.5 (2100) AIS Loss in Sea Level Equivalent (m)
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Emulate with Gaussian Process Modeling

Observations

Y1

Unknown Output

Training
Inputs

Test/Query
Input

Non-parametric: there are a
distribution of functions consistent

with observations

These functions are jointly
Gaussian, e.g.

f=N(ulx) k(x,x"))

Uncertainty inherently provided

For more details: Rasmussen and Williams (2006),
http://www.gaussianprocess.org/gpml/chapters/RW.pdf
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http://www.gaussianprocess.org/gpml/chapters/RW.pdf

Discrete Inputs: Continuous Output:
CREVLIQ, CLIFVMAX, time AlS Mass Loss in Sea

(for RCP2.6 and RCP8.5) Gaussian Level Equivalent
Process

Modeled AIS Mass Loss (m) . Emulated AIS Mass Loss (m)
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The emulator and Bayesian inference link model
parameters, the LIG, and future sea-level projections

Peak LIG AIS Loss in Sea Level Equivalent (m) RCP8.5 (2100) AIS Loss in Sea Level Equivalent
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The emulator and Bayesian inference link model
parameters, the LIG, and future sea-level projections

Peak LIG AIS Loss in Sea Level Equivalent (m) RCP8.5 (2100) AIS Loss in Sea Level Equivalent (m)
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Probability distributions reflect differences in possible futures

Low future emissions:
Relatively constrained and
modest AIS mass loss

Density

High future emissions:
Substantial ambiguity and
potential for very high AIS

mass loss
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Probability distributions reflect differences in possible futures

== Low LIG contributions: == =
G AIS < 3.5 Relatively constrained and
- <353.59Mm
g |: UG AIS > 6 m modest AIS mass loss
3 I
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I | very high AIS mass loss
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Probability distributions reflect differences in possible futures

= RCP2.6 A better understanding of past
m=_RCP8.5 sea levels, especially on margins,
=== LIGAIS<3.5m would reduce ambiguit
——— LIGAIS>6m Uty

Density

Emulation permits fully
continuous probabilistic
projections of sea level change
& the integration of constraints...
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Extreme Sea Level Amplification Factor
(100-yr Event; 2100; RCPZ 6)

= *:Z?»

Expected number of exceedances after SLR 10°

Amplification Factor = —
Historical number of exceedances
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Extreme Sea Level Amplification Factor
(100-yr Event; 2100; RCP8 5)

a..,,..;;ﬁ,

Expected number of exceedances after SLR

Amplification Factor =
P Historical number of exceedances
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Future local flood events strongly depend on the
storyline of AIS mass loss

Expected Flood Events per Year
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Regardless of AlS storyline, the
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lower emissions world
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Future local flood events strongly depend on the
storyline of AIS mass loss

Flooding Hazards, New York City (2100)
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In the presence of ambiguity, it is difficult to
assess future coastal hazards, but...
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When will we learn which storyline we are following?

Emulated AIS hypothetlcal paths (m), RCP8.5

Equivalent Sea Level (m)

0.9} 80i5cm ,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,, ]
08L — 10E5Ccm | e
07k ,,,,,,,,,,,,,,,,,,,, PP nghPath ,,,,,,,,,
I R 4
e
oal B I T
A A — —
o2l S S 7" Low|Path
0.1 — T Gt
0.0 p—ee———————————— s
B 20100 20120 20140 20160 20180 2100

Year

Daniel Gilford, 18th Symposium on the Coastal Environmental, 01/15/2020 12/12



When will we learn which storyline we are following?

Equivalent Sea Level (m)

Emulated AIS hypothetlcal paths (m), RCP8.5 AlIS contrlbutlons in 2100, cond|t|oned on h|gh/low time paths
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At any given time, what AIS sea level contributions are possible in 21007?

- By ~2060 with 90% confidence we may observe whether we are on a
high sea level path or a low sea level path

Daniel Gilford, 18th Symposium on the Coastal Environmental, 01/15/2020 12/12



