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Feeling under the weather:

Untangling future ocean warming in 
West  Antarctica

K. A. Turner [1,2], K. A. Naughten [1], P. R. Holland [1], A. C. Naveira Garabato [2]
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Amundsen Sea









But what will the future look 
like??
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We use MITgcm (MIT General 
Circulation Model), a 
numerical model designed for 
study of the atmosphere, 
ocean, and climate.

1 year takes about 2 hours using 
4CU

We run a number of climate 
scenarios to look at the 
evolution of ocean warming in 
the area



WHAT HAPPENS IN THE 
FUTURE?



THE OCEAN IS SET TO 

CONTINUE WARMING ...

BUT WHAT IS CAUSING 

THIS WARMING?

i.e. the question that took 

up the last two years of 

my PhD!



(fluid mechanics with a ton of 

approximations)

Oceanography 101



Amundsen Sea 

Undercurrent

Cold fresh 
water

Warm salty 
water



Increased 
melting

Amundsen Sea 

Undercurrent



He who controls the spice controls the universe



He who controls the spice controls the universe

Undercurrent Amundsen Sea 
Warming
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THE OCEAN IS SET TO 

CONTINUE WARMING ...

BUT WHAT IS 

CONTROLLING THE 

UNDERCURRENT?
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Observations show that 
when these eastward 

winds decrease, ice shelf 
melting also decreases

We know shelf break winds are set to 
increase in the future, potentially 
explaining the predicted warming



T
H

E
R

M
O

D
Y

N
A

M
IC

S
We expect temperature and precipitation 
(atmospheric thermodynamics) to also 

increase in the future.
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Future scenarios predict 
stronger, poleward -
shifted winds

Winds

What will be the effects of 
a warmer, wetter 
atmosphere?

Atmospheric 

Thermodynamics

ON CENTENNIAL TIMESCALES 
WHAT IS THE MAIN DRIVER OF 

WARMING?



How do we untangle the 
effects of winds from those 

of a wetter and warmer 
atmosphere?



We use models!
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I use MITgcm (MIT General 
Circulation Model), a 
numerical model designed for 
study of the atmosphere, 
ocean, and climate.

1 year takes about 2 hours using 
4CU

4 experiments
9 ensemble members each 
From 1920 to 2100
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NONE

What would the 
Amundsen Sea look 
like if the industrial 
revolution had never 
happened?

ALL

model is forced with 
high man-made 
change

THERMO

Future worst case 
atmospheric 
thermodynamics
pre-industrial winds

WIND

Future worst-case winds 
and 
pre-industrial 
thermodynamics

ATMOSPHERIC FORCING:
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WHAT HAPPENS TO 

OCEAN WARMING UNDER 

THESE DIFFERENT 

EXPERIMENTS?
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ALL diverges 
from NONE in 
2018







NON-LINEARITY CALCULATED AS: (ALL - NONE) - (THERMO - NONE) - (WIND - NONE)
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THE CAUSE OF OCEAN 

WARMING, WHAT IS?



Sea-ice forms

Density increases

Sea-ice melts

Density decreases
Cold fresh water

Warm salty 
water



Less Sea-ice 

forms

Density doesn’t increase 

as much

Less Sea-ice 

melts

Density doesn’t 

decrease as much Cold fresh water

Warm salty 
water



Cold fresh 
water

Warm salty 
water
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Increased freshening 
(m/yr/century)

ALL THERMO WIND

Less sea-ice 
forming

 (less salt in 
the water below)

Less sea-ice 
melting

 (less fresh 
water)

Freshening
(less dense)

Decreased 
Freshening

(more dense)
Melting

(m/yr/century)

Decreased 
freshening

freezing
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ALL THERMO WIND

Eastward acceleration (m/s/century)



Next steps?

Using ARCHER to run a 

coupled ice sheet-

ocean model Separating the effects of ice 
shelf melt and sea-ice melt

Reproducing Naughten et al., 
2023 with ice shelf response 
and continuing simulations up 
to 2300

Contributing to MISOMIP 2



R
E

S
U

L
T

S
The effect of human activity can only be separated from un-forced 
scenarios from 2018

Result 1

Result 3

The effects from a wetter and warmer atmosphere account for most 
of ocean warming in the Amundsen Sea on centennial scales

Result 2

Future warming can be attributed to changes related to changes in 
the trends in sea-ice production

Questions?
Get in Touch!

katner33@bas.ac.uk

Turner et al (2025) "Modelled centennial ocean warming in the Amundsen Sea driven by 

thermodynamic atmospheric changes, not winds" - GRL [in review]



EXTRAS

(for the curious)



Priority
Ens 
num

years CU Memory Simulations
Time 
(d)

Jobs

Check compiler High 1 30 120 224 2 17.5

Run present-day climatology High 3 30 360 1008 3 17.5

Kaitlin's transient boundary (180 
years)

High 3 210 2520 7056 3 17.5 18

Pre-industrial transient boundary (180 
years)

High 3 210 5040 9408 4 17.5

Run using trend trend on the 
thermodynamic var

Medium 3 30 720 672 2 2.5

Run using trend trend on the wind var Low 3 30 720 1008 3 2.5

Kaitlin's transient boundary more 
members

Low 6 210 5040 14112 3 17.5



NON-LINEARITY CALCULATED AS: (ALL - NONE) - (THERMO - NONE) - (WIND - NONE)
















	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 48
	Slide 49
	Slide 50

