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Motivation

“"Box models” with vertical advective
flux (Gregory & Mitchell 1997; Gregory 2000; Held et al
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Aim: Ocean Heat Uptake Processes

» OHU: surface forcing + ocean stratification & Historical: Heat Uptake

consequently by different thermodynamical &
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Heat Uptake/ Circulation/ Stratification

» Time-dependent evolution of heat content as an extension of

Gnanadesikan 1999 nonlinear pycnocline model (or Samelson 1999, Valiis 2000, Wolfe
& Cessi 2010 Nikurashin & Vallis 2011, 2012)

» Volume fluxes in & out of the layer = water mass transformations setting the
mid-latitude stratification & ocean heat uptake
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Heat Uptake/ Circulation/ Stratification

Conservative Temperature (°C) ™ ' Realisfic” s’rro’rifico’rion:

surface temperature

time (year)

1000

250C

= Fkman fransport dominant = heat pumped info
the interior, upper 2km (e.g, Gregory 2000, Xie & Vallis 2012)

00 10 20 .
observations  _.o2= - FOI’CIﬂg o C/
| mean e 0 P
e 0 100 200
1t model
£ 2|
x . . 3 . . . LK)
= g Dlgpycnol mixing Is iImportant initially but not
N dominant overall
© 37 1.2
i < 0.6
K -
: AV
5 i %
20
= Eddies set the adjustment time-scale 3
. . I
= NADW here is a fransformation of
water water into cold so reduces the 061 Eddy

Ekman

Diapycnal Mixing

NADW

heat uptake 0
(Marshall & Zanna 2014)

500

1000



Processes in GCMs

= Using timeseries for MOC, Ekman transport, SST & eddy + diapycnal mixing
coefficients, we can estimate processes/timescales of uptake in GCMs + obs
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Uncertainty in ocean heat uptake

= For a given warming & a given stratification the 0 Historical: Heat Uptake

Southern Ocean is dominated by Ekman Clobal
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Ocean model forced with CMIP5 fluxes

MITgcm — Sea Surface Temperature

» Ocean-only model
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» Surface boundary conditions taken from 28 CMIP5 runs
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= Ensemble with the same ocean model and 28 different surface forcing: control
& 1%CO02 (time-evolving)



Diversity & Spread due to Surface Fluxes: Control
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» MITgcm residual
circulation & stratification =

when forced with surface
forcing from 28 CMIP5 £
control runs
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(Huber & Zanna, submitted 2016)

3 B B




Fluxes vs. Paramaters Uncertainty: Circulation
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» Conftrol

» AMOC: spread due air-sea fluxes

dominates

» SO residual circulation: Spread due to
diapycnal mixing, eddy coefficient & air-

seda fluxes are comparable

> 17%CO2

» Same results hold ...
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Fluxes vs. Paramaters Uncertainty: Heat Uptake
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» Global heat uptake spread: depends on all, internal physics & surface
forcing
» Atlantic: air-sea flux (heat flux); Pacific: diapycnal mixing; Southern Ocean .
eddy mixing and vertical mixing

(Huber & Zanna, submitted 2016)



Concluding remarks

e Ocean heat uptake conftrolled by Southern Ocean Ekman transport in
observations, simple & complex models (with or without eddies)

¢ |dedalized models can be used for diagnostic purposes to understand &
identify the mechanisms & timescales for the rate of ocean heat uptake

e Global uptake: depends on the stratification & the forcing; with basin-scale
dependence

e Needed: A better understanding of the transient response of the ocean -
stratification/forcing/uptake & subsequent feedback with any good tools/
models



