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AMOC - Ocean heat content (Robson et al., 2012 )
SST - Impacts (Sutton et al., 2017)
AMOC - Ocean heat content in MIXED LAYER—-> SST > AMV
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HADGEM3-GC2 CONTROL

Williams et al., (2015)

NEMO ocean circulation/sea ice model (CICE)

1/4 degree NEMO GOS5 ocean with 75 levels in the vertical.

Atmosphere GAG: N216 (65km)
85 levels in the vertical

Eddy permitting ocean

Run for 300 years

Pre-Industrial forcing

Surface current speed (m/s)

[ ]
latitude

Run by the Met Office, UK.
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Model Evaluation

AMYV period
Model: ~50 years

Obs: (30-70 years)

AMOC period:
~60 Years

GC2 26N AMOC:
14.7 £ 1.0 Sv

Observation:
17.1 £ 3.6 Sv
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~ _AMV vs SST
AMV R

100

. -~AMOC 26N

b)
1

2200 2300 2400

2200 2300 2400

Dots indicate 95 % S|gn|f|cance
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OHC changes in the mixed layer

Annual averages from monthly data in the mixed layer (ML)

dOHCpp
dt

!

Diagnosed
from model
temperature v
Diagnosed

model mixed
layer depth

and temp

ational

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

l

Diagnosed
from model
surface heat
flux

residual

= Entrainment + Qnet + V. VT,

v

NOC 26 uk

Ocean surface QNET
Heat =2 7 uT =>» Heat
transport==3pt 7 ' ML L3 transport

=

1'ay'er

Entrc inment
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Relationship between AMOC and AMV

1

AMV AMOC leads the AMV

1 i by S years
‘ol //\ What is causing this

— :
02| ; delay?
°¢ | Thick lines indicate | 300 years of model data
08 1 95% significance! “

-1

-20 -15 -10 5 0 5 10 15

- 20
YEARS (LAG)
National ‘
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AMOC 26N

AMOC anomaly

50

100

150 200

YEARS

250

300

NOC 26 uk

Analyze one cycle of the
AMOC in terms of:
dSST/dt
and its components related
to:
ENT , V.vT and Qnet

/5 year cycle
~20 years per phase
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dSST/dt composite

On multi decadal time
- scales large scale pattern
= varies with AMOC phase

K/decade

Phase 4) SST increase in
AMYV region even though
AMOC decreasing

A

+ve AMOC anom
3 '\4
wZ -ve AMOC anom

Oceanography Centre SCIENCE OF THE
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SST changes (PHASES3)

dSST/dt Entrainment

. ENT: Entrainment always
. positive ( for all phases )

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0

- QNET: heat loss in SPG and
- Gulf stream.
Heat gain in STG

. v.vT: opposite to Qnet
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MIXED LAYER HEAT PUMP

As a result of the seasonal cycle the entrained water (T;,)
is always warmer than the detrained water (T,)

P



MIXED LAYER HEAT PUMP

Qnet

W
T

out
25 3°C Tout<Tin

24.2 °C

time

One seasonal cycle

STG \ Qnet

Heat divergence
T, I T

in out
9.6°C Tout Tin 7.theC

One seasonal cycle
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Multi-decadal SST changes

Sub tropical Gyre

(o4}
o

STG: dSST/dt increasing through cycle

JHI—”H[ﬂﬂrﬂﬂr and warming mixed
50 | | layer.

1 2 3 4 V.vT Is always cooling the mixed
Ly layer.

1
3 4
V.vT
1 )2

K/decade

(o))
o

P



Multi-decadal SST changes

Syb trqpicaIvarev Sub Polar Gyre ‘
but SST continues to warm. This

i | Is due to increased and

1234 1 23 4  reduced
' 3 4
-.Lj’ V'”T_LJ
1 )2
e v

SPG behaves differently to STG.

(o4}
o

o

Phase 3to 4 V. vT changes sign,

K/decade

(o))
o

=




SPG OHC changes

o) Sub I?olar ere
g dOHC/dt In phase 4 OHC change in the SPG
8 * is reducing, while the SST is
T ° increasing!
N 20 V.vT
~— -40 | I I [
5, 1 2 3 4
.dBHQ./t . Changes in OHC are related to

* changes in deep convection
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SPG mixed layer SST heat pump

PHASE 3 / Qnet PHASE 4 Qnet
11 -
17 7
Heat convergence MLD Heat divergence
by circulation by circulation
Tin T T
\ / Tout " Tout<<Tin out
Tout<Tin One seasonal cycle
One seasonal cycle T., phase 3 is cooler than T,, phase 4

Mixed layer is shallower in phase 4 due to reduced convection
This process explains why the SST is increasing even though OHC and
AMOC are reducing.

Noc.ac.uk .- NERC Evikonment ‘




Conclusions

* New approach based on diagnosing mixed layer
budget

* Model suggest that the entrainment over a seasonal
cycle is a key component and is always positive

« Changes in entrainment and Qnet explain the lag
between AMOC and AMV -
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