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AMOC observation and projection
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CCSMA4 sensitivity experiment
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0 CCSM4 is a fully coupled, broadly used IPCC AR5 climate model.

0 We use CCSM4 historical + RCP 8.5 simulation, 5 ensemble members (< 1980, purple;
> 1980, green)

O Sensitivity experiment (since 1981, hist+RCP8.5 forcing but with fixed AMOC, 1981-2100,
purple), 5 ensemble members.



The vanished North Atlantic warming hole (NAWH)
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The physical mechanism

Heat budget analysis on the full-depth water column in 48-60°N in the North Atlantic
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O The cooling is primarily caused by the reduced net meridional ocean heat transport,
which is mainly due to the weakening of the AMOC.



AMOC impacts on rainfall projection
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The
impact of
the
weakened
AMOC

0 The weakened AMOC causes reduced
precipitation over the NAWH region

O It also induces a southward shift of ITCZ,
: but not the leading mode of tropical
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Energy fluxes at the TOA and surface

0 Enhanced ocean heat uptake,
primarily via turbulent heat
fluxes, in the North Atlantic
drives a northward cross-
equatorial atmospheric energy
transport, which explains the

Weakened
AMOC

Fixed .
AMOC southward ITCZ shift.
This enhanced ocean heat
uptake acts to damp the
AMOC anomalous SST cooling in the
impact North Atlantic, i.e., a negative

feedback.
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Delayed Arctic summer ice-free time
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Summer Arctic ice-free time is delayed by 6 years due to the weakened AMOC.



AMOC impacts in atmospheric circulation

Weakened AMOC Fixed AMOC Impact of the weakened AMOC

O The zonally averaged zonal wind response to the AMOC slowdown displaces the
Northern Hemisphere westerly jets poleward during boreal winter.



AMOC impacts on global marine heatwaves (MHWs)
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O AMOC impacts on MHWs are insignificant during 1981-2020 except the NAWH but
become significant in the North Atlantic and North Pacific by 2100.

O The NAWH region would reach a near-permanent MHW state over 2061-2100
without a slowdown of the AMOC.



Conclusion

The projected AMOC slowdown causes the NAWH to the south of Greenland,
along with local reduced precipitation and enhanced ocean heat uptake.

The weakened AMOC explains a reduction in Arctic sea ice loss in all seasons and,
in particular, a delay by about 6 years of the emergence of an ice-free Arctic in
boreal summer.

In the troposphere, a weakened AMOC causes an anomalous cooling band
stretching from the lower levels in high latitudes to the upper levels in the tropics
and displaces the Northern Hemisphere midlatitude jets poleward.

The AMOC slowdown will have significant impacts on MHWs in the North Atlantic
and North Pacific by 2100. The NAWH region would reach a near-permanent
MHW state over 2061-2100 without a slowdown of the AMOC.



Thank you!
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