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Figure 1. Arctic (70-90 °N) and Global warming (left) and Arctic Amplification (right).
Values for individual members and ensemble mean (EM) of the CESM1 Large
Ensemble (Kay et al. 2015) and for observations (GISTEMP Team, 2021).
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Experiment set-up

Results Conclusions
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Dataset name Ensemble | Additional notes Purpose
members

Pl-control

Plnudge

Plnudge-lessmelt

PlInudge-moremelt

51

3

3

ERAS for temperature & sea ice;
GISTEMP for temperature anomalies
only; NSIDC for sea ice

Sample created from 51 74-year long
random slices of CESM2
pre-industrial control

Default wind-nudged pre-industrial
climate experiment

Includes sea ice lessmelt
modifications generating thicker sea
ice (Kay et al. 2022)

Includes sea ice moremelt
modifications generating thinner sea
ice (This work)

Benchmark for performance of
wind-nudged experiments

Baseline for pre-industrial climate &
internal variability

Quantifies contribution of winds alone to
observed warming & sea ice loss

Quantifies contribution of winds plus a
mean state increase in sea ice thickness

Quantifies contribution of winds plus a
mean state decrease in sea ice thickness
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Arctic sea ice extent (million km?)

Arctic sea ice volume (1013 m3)
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Annual Arctic (70-90°N) temperature
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Motivation

30-40% in
April & May

2m air temperature trend (K/decade)

Conclusions

Annual Arctic (70-90°N) temperature trends
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Sea ice extent trend (million km?/decade)

o
=

Sea ice extent trends

September

Conclusions

o
N
1

_1_0_

-1.2 -

OBS (ERAS5)
OBS (NSIDC)
Pl-control

Plnudge
Plnudge-lessmelt
Plnudge-moremelt

-0.09 million
km?/decade

March

-0.01 million
km?/decade

-0.10 million
km?/decade

-0.01 million
km?/decade

-0.15 million
km?/decade

-0.03 million
km?/decade

-0.92 million
km?/decade

1
5 & E
]

s < 5 D

ANNUAL A

¥

-0.36 million
km?/decade

\ 4

10-16% Sept.

sea ice loss

1-89% Mar. sea
ice loss




Motivation Methods Conclusions

Season
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Winds drive location of strongest

warming in every season

Warm Arctic
cold Eurasia
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Motivation Methods Discussion Conclusions

Winds seasonally drive location of
strongest sea ice loss
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Motivation Methods Results

Conclusions

* Observed winds fail to reproduce the magnitude of
recent (1980-2023) Arctic warming & sea ice loss

* Observed winds partially reproduce the
interannual, seasonal, and spatial variability of

Arctic temperature & sea ice

*In summary, observed winds drive Arctic variability
but not long term trends

* Our results are independent of mean state sea ice
thickness

Contact info: ash.qgilbert@colorado.edu

Conclusions
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March sea ice extent
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Atlantic Meridional Overturning Circulation (AMOCQC)
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Wind nudging in practice...

a) OBS (ERAb) b) Plnudge c) PInudge—ERA5 5.0 30
— 100 ~ . | 20 7
© : n oy
T 300- . 1.0 g 20 '
< 05 5 10 g
& =00 l 0.0 © 0 T
(O] o =
5 700 - . -0.5 £ =
@ = -10 3
® 850 A S B | it -1.0 T S
- 1000 T T T T T T S T T _20 l§ _20 P

50 60 70 80 90 50 60 70 80 70 80 90 -5.0 -30

Latitude Latitude Latitude

a) OBS (ERAb) b) Plnudge c) Plnudge-ERA5 50 7 .
— 100 7 g 2 2 !
© } ' £ )
T i i r 16 ‘=
£ 300 A : i 1 E
© i 0.5 % ©
2 . - g ' £
g =00 | 00 T 0o =

: £ ks

S 700 1 . - | -05 3 =
? ! T i 8
© 850 - . . T — -1.0 § i<,
- 1000 — T T T — T T T T T T _20 g —2 g

50 60 70 80 90 50 60 70 80 90 50 60 70 80 90 50 =

Latitude Latitude Latitude



Initial condition Physics/Namelist changes Experiment type
members
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Global mean temperature
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Full initial condition tree
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Annual Arctic (7/0-90°N) temperature
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Cycling atmospheric
forcing in ocean models
removes model drift
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Drift: cycling wind
nudging reduces the
temperature trend

Signal: cycling wind
nudging has no effect
on the temperature
trend




Motivation

Methods Results

Conclusions

Drift removed & 2nd cycle

can be used for science!

Plnudge = 2nd cycle
Plnudge-lessmelt = 2nd cycle
Plnudge-moremelt = 2nd cycle




