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1. How does AMOC interdecadal variability change under 
global warming?

Weaker and Shorter,         
Cheng et al., 2016, PNAS

2. Will AMOC collapse under global warming?

More likely than predicted by IPCC, 
Liu et al., 2017, AS,  2014, JC
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Response of Power Spectrum to Global Warming

Ensemble mean of the spectrum of AMOC AMV

Filtering 1st EMD mode 
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Response of period and amplitude 

Faster 

Weaker 

interannual

Global warming stronger

Pe
ri

od
A

m
pl

it
ud

e



Response of atmosphere and AMOC 

SLP 

No significant change 

AMOC 

Faster and weaker 



Stronger Stratification forced by global warming 



1st baroclinic mode  
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Modal 1 Structure



The Amplitude: Rossby Wave Viewpoint 
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𝝏𝝏𝒕𝒕𝝋𝝋 − 𝑪𝑪𝝏𝝏𝒙𝒙𝝋𝝋 = 𝑮𝑮

−𝑪𝑪𝝏𝝏𝒙𝒙𝝋𝝋 = 𝑮𝑮

𝝏𝝏𝒙𝒙𝝋𝝋~𝑮𝑮/𝑪𝑪

Wave time

Wave amp

𝝏𝝏𝒕𝒕 𝝏𝝏𝒛𝒛
𝒇𝒇𝟐𝟐

𝑵𝑵𝟐𝟐 𝝏𝝏𝒛𝒛𝝋𝝋 𝝋𝝋 + 𝜷𝜷𝝏𝝏𝒙𝒙𝝋𝝋 =
𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄(𝑭𝑭)

𝝆𝝆 + 𝝏𝝏𝒛𝒛
𝒇𝒇𝝆𝝆𝒇𝒇
𝑵𝑵𝟐𝟐

𝜷𝜷𝝏𝝏𝒙𝒙𝝋𝝋 =
𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄(𝑭𝑭)

𝝆𝝆 + 𝝏𝝏𝒛𝒛
𝒇𝒇𝝆𝝆𝒇𝒇
𝑵𝑵𝟐𝟐

Q forcing? Subpolar?
Thermal Rossby?  Non-Doppler?



The Amplitude: Delayed Oscillator Viewpoint 

𝝏𝝏𝒕𝒕𝑴𝑴 = 𝒂𝒂𝑴𝑴 𝒕𝒕 − 𝒃𝒃𝑴𝑴 𝒕𝒕 − 𝝉𝝉 − 𝜺𝜺𝑴𝑴𝟑𝟑 + 𝑾𝑾(𝒕𝒕)
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Liu et al., 2009, Sci

AMOC Instability or Ice Sheet Instability? 

Exp. A
Exp. B

TRACE (CCSM3)

Is AMOC bistable in real world:

Paleo obs:
meltwater chronology ?



Thermohaline Instability and Abrupt Climate Change
A Historical Perspective
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Thermohaline instability and abrupt climate change 

Rahmstorf, 1996
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Fov: Freshwater transport by AMOC (overturning)
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Future AMOC Response: Before and After Bias Correction 

CTL hosing ADJ hosing

AMOC response to North Atlantic Melting Water Pulse (such as Greenland melting)

Liu et al., 2014,  JC

AMOC response to 2xCO2

Liu et al., 2017, Sci Adv. 

CTL
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May not be a fantasy!

The decade after 
next decade.



The Danger of Flux Adjustment   ! ? 



Biased Model

Perfect Model

Flux 
Adjustment

Adjusted Model

Current Options:
A: A model without flux adjustment but with the wrong AMOC stability?
Or
B: A model with flux adjustment (and therefore related uncertainty) and
a likely correct AMOC stability?



The End



Freshwater Transport and Tropical Bias 
(in AR4 CGCMs) 

Liu et al., ,2014, JC
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Future PastPresent
TRACE21, iTRACE21

RAPID Array 26N

Future Work….

AmocStabilityMIP



Bard et al., 2000
BA

Meltwater Flux

Paleo perspective: Meltwater History Prior to BA

Deschamps et al., 2012
BA

NH meltwater SH meltwater (MWP1A, Clark et al., 1996













Thermal Rossby wave?

Meridional Gradient Change?
Non-Doppler cancelation? 



AMOC and Abrupt Climate Change 

Greenland Ice Core

Atlantic Meridional Overturning
Circulation (AMOC)



Individual Model Response 



Response of Power Spectrum to Global Warming

Individual 
model




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	The End
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32

