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CMIP5 multi-model mean changes under RCP8.5
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What are the individual roles of momentum, heat, and freshwater fluxes?
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Spiciness and heave components
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Spiciness and heave components
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Spiciness and heave components
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Cooling and freshening within SAMW
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Spiciness and heave components

04 _ “~
new thermocline original
thermocline
o“")\
&P
T&S diagram
S

Pure warming process (from 1 to 2)
Induced spiciness change (from 3 to 2)
(Bindoff and McDougall 1994)
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Spiciness and heave components
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Induced spiciness change (from 3 to 2)
(Bindoff and McDougall 1994)

7 | Southern Ocean heat uptake | Kewei Lyu

Spiciness

LI e e e e b i i

(b) &

HHIIIII‘IHIIIIII“HII

HHHII|IIIHIHWHIIIIHWIHIHIII“HHHH|IIIIHHI“IIIIIIH“IHIHII|HHIHII

90S 80S 70S 60S 50S 40S 30S 20S 10S EQ

Latitude

Zonal mean spiciness changes at depth levels

(Density surface contours)
Cooling and freshening within SAMW

@



Spiciness and heave components

Heave Spiciness
0 :IlllH||ll|HIIIH||H||Hllll‘l‘lll||\H|I|H||H||l|IIH|LH||H\IIH‘I|LH|‘H_1H”|H_I_|_H|_ O EIJIHHIIIIIIHIHHHIIIIJIHJHHIIIIJIHH\HIIIIJIHHIHIIIIIIHHHIHIIIIJIHHIII
= o i e
200 — = 200 = (b) o
400 = -~ 400 = \\
600 = = 600 —
E 800 = ~2g\ A\ = E 800 = —
< 1000 = ' = £1000 =
Q. E b N = a E
8 1200 — | N = 3 & 1200 =
1400 = ' = 1400 =
1600 5 Isopycnal Y| — 1600 = =
5 i — z = = =
1800 5 Deepening \ 0y/0z : 1800 E
2000 :[IIH[II\|||\|III\I|\[II\|II|‘|I|\I\IHIIIHII\|I|‘IIII\||H||\IIII\II|\I|HIHWIHIIIHI: 2000 :IHHHI||IIIHIHwHIIIIIH“HI(IIII‘IHHHII|IIHHHI“I|IIIIH“IHIIIII“IHHIII:
90S 80S 70S 60S 50S 40S 30S 20S 105 EQ 90S 80S 70S 60S 505 40S 30S 20S 10S EQ
Latitude Latitude

Zonal mean spiciness changes at depth levels
(Density surface contours)
Cooling and freshening within SAMW

8 | Southern Ocean heat uptake | Kewei Lyu %

Zonal mean heave-related temperature changes:
total minus spiciness




A theoretical framework to understand ocean change

Bindoff and McDougall (1994) proposed a theoretical framework to separate subsurface
T&S change into three processes on T&S diagram

PW&PF: subductions

*  pure warming (PW): no salinity change at depth level By 0,

--- generally the warming can be traced back to
surface heat flux input
* pure freshening (PF): no temperature change at
depth level --- generally the salinity change can be spiciness
traced back to surface freshwater input
* pure heave (PH): no spiciness signal / only isopycnal heave
heaving - related to wind; wave propagation; eddy
etc.

 Two components: Heave and Spiciness; Three processes: PW, PF, PH
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Temperature change
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» Put three processes together in matrix form

» Stability ratio R,: defined as the ratio between vertical gradients of mean temperature
and salinity a8, = R,,S,

» Six observables on the right: dependent on each other so there are actually only two
pieces of independent information

» therefore this is an underdetermined issue with two obs but three unknowns

> A “possible” (simplest) solution can be derived using SVD method

10 | Southern Ocean heat uptake | Kewei Lyu %



0 g Ll | T T Iqa)l Eurelwarmingl Ll I Ll - Ll Ll
200 - - -
400 - :
—~ 600 - i
E 800 - i
< 1000 - -
PW 2 1500 i PH
O 1400 - - 2
1600 - i
1800 - : \
2000 |\|T|||TT|T||I|||T|||||IIIIIITTlll!IllTlll ||||||||||||||||‘\|T|lll{llTllllll‘llTllll|| 1.5
1
0.5
PW: PF:
Heave 0  Heave
0.5
-1
-1.5
PW: -2 PF:
Spiciness Spiciness

11 | Southern Ocean heat uptake | Kewei Lyu %




Perturbation experiments -- FAFMIP

The Flux-Anomaly-Forced Model Intercomparison Project
(FAFMIP) contribution to CMIP6: investigation of sea-level and

ocean climate change in response to CO; forcing

Jonathan M. Gl'cgoryl‘z, Nathaelle Bouttes®, Stephen M. Griffies*, Helmuth Haak®. William J. Hurlin?,
Johann Jungclaus®, Maxwell Kelley®, Warren G. Lee’, John Marshall®, Anastasia Romanou®, Oleg A. Saenko’,
Detlef Stammer®, and Michael Winton*

INCAS, University of Reading, Reading, UK

2Met Office Hadley Centre. Exeter. UK

3Laboratoire des Sciences du Climat et de 1'Environnement, Institut Pierre Simon Laplace, Gif-sur-Yvette, France
4NOAA Geophysical Fluid Dynamics Laboratory, Princeton, USA

SMax Planck Institute for Meteorology. Hamburg, Germany

6Goddard Institute for Space Sciences, Columbia University, New York, USA

"Canadian Centre for Climate Modelling and Analysis. Victoria, British Columbia, Canada

$Department of Earth. Atmospheric and Planetary Sciences. Massachusetts Institute of Technology. Cambridge. USA
Center for Earth System Research and Sustainability, University of Hamburg, Germany

We analysed HadCM3 results from Dr. Jonathan Gregory (U. Reading, UK): wind stress,
heat flux, and freshwater flux perturbation experiments
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Perturbation experiments: HadCM3
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Perturbation experiments: ACCESS-OM2

Prescribed atmosphere: JRA55-do via YATM
1958-2018, 3-hourly, 0.5625° resolution

downward shortwave & longwave radiation fluxes
rainfall, snowfall & runoft fluxes

surface pressure

10 m air temperature & specific humidity

10 m wind vector

12,0.25° or 0.1° tripolar grid; 4 ice layers + | snow; EVP; 5 thickness categories

i li logical
ocean surface stress vector U SI ng C | m atO Oglca
rainfall, snowfall & runoff H H
. - air-sea and sea ice
ice melting and formation water fluxes

salt flux, net heat flux — fluxes to override

shortwave flux penetrating ice

downward longwave flux i nte ra ctive b u I k

latent and sensible heat fluxes

ice conceptration fo rm u Ia

Global ocean model: MOM 5.1

[ Global sea ice model: CICE 5.1.2

sea surface temperature
sea surface salinity
sea surface velocity vector

sea surface slope vector

2-LON-ESISVO

frazil ice formation energy

Same horizontal grid as CICE; 50 or 75 z* vertical levels

Target: suppress air-sea-ice feedbacks so ocean only responses to added flux perturbation!
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Perturbation experiments: ACCESS-OM2
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Summary

> The theoretical framework reveals:

» (1) spiciness changes due to equatorward and downward subductions of the surface heat and
freshwater input at high latitudes, i.e. PW and PF;

» (2) enhanced mid-latitude warming and isopycnal deepening due to both wind-driven heat
convergence (PH) and the subduction and transport of surface heat input (PW)

» Limitations: idealised “pure” processes with assumptions; under-determined issue so
only qualitative decompositions

» Coupled model FAFMIP experiments: large flux feedbacks in addition to added flux
perturbation

» Ocean-only experiments using ACCESS-OM2 better suit our purpose to attribute ocean
changes to a single type of flux forcing
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