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Summary

• Considerable model diversity in horizontal/vertical 
structure of the WH

• Both historical-mean and future-changes in DWF are 
generally downstream of the WH location

• Heat budget consistent with a significant role for AMOC
• As is analysis of the simultaneous salinity hole
• The AMOC upper limb is projected to weaken and 

shallow into the future, despite considerable model 
diversity in the mean state structure

• The temporal evolution of the AMOC upper limb depth 
and depth structure of the WH are further consistent with 
a significant role for the AMOC (cf. animation)
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Intro: The warming hole (WH)

Observations Historical CMIP

RCP8.5 CMIP

Drijfhout (2012) 
linked WH to AMOC 
decline via multiple 
linear regression on 
to surface air 
temperature (SAT)

But complicated by 
degenerate patterns 
and trends

Mixing? Surface 
fluxes? Ocean heat 
transport? Consistent 
across models?

“Is a decline of AMOC causing the warming hole above the high latitude North Atlantic ocean”
Drijfhout et al., J. Clim. (2012)
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Models/data

This study

• 41 models
• 25 with March 

mixing data
• 19 with AMOC 

data
• 17 with heat 

budget data
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North Atlantic warming hole

(2070->2100) – (1850->2000)

Top 500m minus 
global mean
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Temperature profiles of WH

(2070->2100) – (1850->2000)

WH region:
Temperature 
profile minus 
global mean 
profile

Horizontal black 
March mixed 
layer depth

Horizontal blue 
AMOC upper 
branch depth
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Generally 
downstream

Mixed layer 
depth changes 
and location of 
WH (red box)

Mixed layer depths
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Individual 
models

Heat budget 
consistent with 
significant role 
for horizontal 
ocean heat 
transport

Heat budget of WH

(MMM)
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AMOC mean 
(shading) 
and change 
into future 
(contours)

AMOC streamfunctions

Similarity of 
historical 
mean AMOC 
to MMM 
independent
of similarity 
of future 
change to 
MMM future 
change
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Anomalies 
become 
increasingly 
coherent and 
density 
compensating, 
consistent with 
circulation 
change

Co-existing “salinity hole”
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Anomalies 
become 
increasingly 
coherent and 
density 
compensating, 
consistent with 
circulation 
change

Time evolving depth structure
Warming Hole
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Summary

• Considerable model diversity in horizontal/vertical 
structure of the WH

• Both historical-mean and future-changes in DWF are 
generally downstream of the WH location

• Heat budget consistent with a significant role for AMOC
• As is analysis of the simultaneous salinity hole
• The AMOC upper limb is projected to weaken and 

shallow into the future, despite considerable model 
diversity in the mean state structure

• The temporal evolution of the AMOC upper limb depth 
and depth structure of the WH are further consistent with 
a significant role for the AMOC (cf. animation)

The end


