,l

éfh 'gh resolution

en Moat!, Bablu SinhaT, “Florian Sévellec?, N. Penn

Holliday', Gerard McCarthy?®, Adrian New1 and Joel Hirschi’

A

) National Oceanography Centre, UK,
2) NCAS-Climate, University of Reading, UK.,
3) Barcelona Supercomputing Center, Spain,
4) Laboratoire d’Qcéanographie Physique et Spatiale, IFREMER, France,
5) Maynooth University, Ireland.

Early release: J. Climate doi.org/10.1175/JCLI-D-18-0709.1

ACTI®2N

@S::ﬁf::z:z?z;‘::::; . @benmoat1 Noc.ac.uk IUGG19, 131 July 2019 NERC :RVikonment




en Moat'!, Bablu Sinha',-Si
Holliday', Ger

Early release

Relationshik) between AMOC -> {

Decadal time scales

Subpolar North Atlanti

: J. Climate doi.org/10.1175/

'Josey', Jon Robson?, Pablo Ortega?;
ard McCarthy®, Adrian New', anc

|IC

1 Joel Hirschi'’

OHC -> SST

JCLI-D-18-0709.1

ACTI®2N

. @benmoat! 0 50 Uk IUGG19, 13" July 2019 NERC S Qrte

ENVIRONMENT



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)

o
latitude

Run by the Met Office, UK.
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HADGEMS3- GC2 Model Evaluation

AMV period
Model: ~50 years
Obs: (30-70 years)

AMOC period 26N:
~60 Years

model 26N AMOC:
14.7 Sv, range 6.1 Sv

Observation:
17.1 Sv, range 7.6 Sv

AMOC 26°N

AMV
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Relationship between AMOC26N and AMV

e N i AMOC leads the AMV
| by 5 years 26N.
i What are the
r o :
e § processes?
| | AMOC-> ->SST

20 15 -10 5 0 5 10 15 20 Thick lines indicate 95% significance

YEARS (LAG)
National ‘
Seropidnal NOC.ac.uk . NERC &Vikonrent




Mixed layer equation for SST

% . _ (QONET—Q-h
hZ2 4 hy, {T +v(f vtdz)+(T Th)( +thh+Wh) (—pocp )
Horizontal x x
advection Entrainment Heat flux between
the surface and base
l ¢ Of the mixed layer

Mixed layer Vertical Stevenson and Niiller, ( 1983 )

temperature shear

tendency
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Reformulated mixed layer equation for SST

* k
OSST * _ (1 — A)QNET n RML . Adjusted advection-
— — o T entrainment term
ot pCp h pCp h for SST
1 QZn = AQner
SST tend S
endenc T
Diaanosed y Adjusted surface h=h+h .
9 fluxes term for Oner = Qner + Qner
from model SST etc etc ..
temperature

h - mixed layer depth
p — density

Cp —specific heat capacity
Secigrapny e - NERC iz orme ‘




Equations for SST and OHC

0SST = _ (1 - ;L)QNET + Ruy Mixed layer model for SST

Jt oCph  pCph
JOHC ) *
at = QNET + RFD Full depth Ocean heat content
x h - mixed layer depth
Advection p — density

Cp —specific heat capacity
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Equations for SST and OHC

dSST =

dt

JOHC x

ot

(A =DQer | Rin

Mixed layer model for SST

pCp h

- Q;\(IET

pCp h

+ R;'D Full depth Ocean heat content

h - mixed layer depth
p — density
Cp —specific heat capacity
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Composite AMOC 26° N

Analyze the cycles of the
\ AMOC in terms of:
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Mean OHC and SST tendency (26N)
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Mean OHC and SST tendency (26N)
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Mean OHC and SST tendency (26N)
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Composite AMOC 26° N

Analyze the cycles of the
\ AMOC in terms of:
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SPNA composite AMOC

OHC
EAST SPNA
1 \./VEST. SPN.A 105 1 ' S .S T 30 705 SST
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OHC and SST do not respond simultaneously
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OHC tendency terms

WEST SPNA EAST SPNA

10

= Qner + Rip

OHC tendency terms
(Wm )
AMOC (Sv)

0 /2 T 3n/2 271

Rep*  clearly related to the AMOC
Rep*  explains most of the tendency

Qnet” opposite sign and damping. ‘
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OHC tendency terms

WEST SPNA EAST SPNA = Qner + Rrp
10 : : 1 10 5 : : . 1
I | | |
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RFD: clearly related to the AMOC Rep®  clearly related to the AMOC
Rrp ?Xp|aln most of the tfndency Rep*  explains most of the tendency
What's happened to Quer™? Quet* opposite sign and damping.

Oy Canre noc.ac.uk l- NERC ExVironvent ‘



SST tendency terms

WEST SPNA

SST tendency terms
(K month )
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SST tendency terms
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Drlvers of OHC and SST variations

OHC tendency

OHC tendency

terms (Wm "~ 2

terms (Wm -~ 2)
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Western SPNA

Rep* the main driver

88% of the time

|
QNET*

Rep* the main driver

66% of the time
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Drlvers of OHC and SST variations

Western SPNA

OHC tendency
terms (W m 2

OHC tendency
terms (W m 2)
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SST tendency

terms (K month ’1) terms (K month ’1)

Rep* the main driver
88% of the time

(QNET*

Rep* the main driver
66% of the time
(QNET*

Rep”* (53% of the time)
Qnet” largest at times

Rep* (61% of the time)
Qnet”* largest at times



Conclusions

On decadal time scales in the subpolar North Atlantic (SPNA):
« OHC anomalies propagate (anticlockwise) around the SPNA with a
clear relationship to the AMOC
« SST leads the OHC anomalies in the SPNA.

« OHC variability largely dominated by advection
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