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Data-driven transport estimates (ECCO4
Key to closely fitting data (e.g. salinity at 300m depth
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Data-driven transport estimates (ECCO4)
Key to reduce model drifts (e.g. oxygen climatology, atter 500y)

Latitude

Figure 4. Zonal mean oxygen concentration (in molm ™) from
Garcia et al. (2010) (bottom panel) and from the two 500-year sim-
ulations (see Fig. 3 caption for details) using the Kom, Ko, and Ky
estimate (middle) or the Kgm, K¢, and K first guess (top).

Forget, Ferreira, and Liang 2015
https://doi.org/10.5194/0s-11-839-2015



https://doi.org/10.5194/os-11-839-2015

Ocean Circulation Climatology (ECCO4)

e.g. global ocean meridional circulation pathways and time scales
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Figure S8: Same as Fig. S7 but based on the ad-hoc integration method discussed in Methods /

Ocean Heat Transport Climatology

Fstimated to balance out air-sea flux climatology (basic method)
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Ocean Heat Transport Climatology

Fstimated to balance out air-sea flux climatology (new methoq)
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Chapter 7

Ocean Heat Transport Under Glopal Warming

« Global Ocean Heat Content Trends
- Earth Energy Imbalance from Space
« Let’s track El across the Ocean

. Let’s pinpoint mechisms
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Rising Ocean Heat Content

a. Satellite
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Trends and variability in Earth's energy imbalance and ocean heat uptake since
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Ocean Heat Uptake and its Acceleration

c. Annual Ocean Heat Content trend (Wm™2)
Satellite Reanalysis Hybrid
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racking Earth Energy Impalance in the Ocean
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SOL Energy Impalance (global mean)

Global SOL-HC

— OCCA2.2a (OHC) — IAPv4 (OHC) == OCCA2.2a (int. El) === IAPV4 (int. El)
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SOL Energy Impalance (global mean)

Global SOL-HC

— OCCA2.2a (OHC) — IAPv4 (OHC) == OCCA2.2a (int. El) === IAPV4 (int. El)
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Global SOL-HB

=== tendency
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SOL Energy Impalance (global mean
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S>O.L. Heat Budget (geographny)
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Budget (geography)

cat .

11,

0.0

2013:2022

o To) o o) CNOFTANONTWOOO
A = o = Selolelolelololeleoke
n_u T 1101 1

yiuow/s|norz

0 ©

YIuow/a|norz

O

— 2
O 5
N 8
— &
Q0 = o
)

o
<

© 1w O W

e 9 9

S © o o

OCOOTNOANTWOWOO

UOUBINGTZ yiuow/a|norz

Ocean Heat
Content Trend
Net Air-Sea

Heat Flux

o
¥

HR2 transport

OCOOTANONTOWWO
ik

—OOO0OO0OOO00O

yiuow/a|norz

HR2 transport

Ocean Heat
Transport

—

OCNOTANONTWOWWO

—OOOO0O0OOO0O

Yluowy/a|norz

Converaence

T

~—

o
D




S>O.L. Heat Budget (geographny)
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S>O.L. Heat Budget (geographny)
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S>O.L. Heat Budget (geographny)

19381:2010 2013:2022

Ocean Heat

Y =
—
-
o
=
g,
L,
-
O
-
N

ZJoule/month

Content Trend

Forget & Ferreira 2019.
(Nat. Geoscience)

https://doi.org/10.1038/
s41561-019-0333-7

2
—20° S 0° 20°N 40°N ©60°N 80°N —20° S 0° 20°N 40°N ©60°N 80°N
Latitude Latitude

HR2 transport HR2 transport

Ocean Heat

Transport
Diveraence

ZJoule/month

ZJoule/month

|
~00000000
COOOPALAMNONPA~AOOW

|
~00000000
COOOPLAMNONPA~®OMEPO

I
O
o

|
O
o

Forget (in prep.)


https://doi.org/10.1038/s41561-019-0333-7
https://doi.org/10.1038/s41561-019-0333-7

palance (geograpny)

nergy 1m

—]

1.

S1@)

forcing term

0.2

-0.1 0.0 0.1
ZJoule/month

-0.2

S R

.I,.

_

A,

K
It
(.,

\
(
/
-
(!
_ -
|

g & \Az.f
_ g LN
g ﬂkﬁ&&\kﬂw‘u@l
W OO A T ATV ] ] |

transports

1

I A L
I Vi aawWwaESar Il
- { |
. A.ﬂo._..

fi
N

D
{
: '

ZJoule/month




OL. Energy Imbpalance (geograpn

tendency term
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SOL. Energy Imbalance (geograpn
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Chapter 3

Tracking marine heat waves and water masses

1. Sea Surface Temperature Anomalies

2. Volume Budgets for Marine Heat Waves

3. Lagrangian Budgets for Marine Heat Waves
4. Tracking Subducted Anomalies

5. Mode Water Source Regions



Sea surface Temperature Anomalies

Global Mean (minus monthly climatology) . Regional Example

I | | |
1990 2000 2010 2020

Clear warming trend and possible acceleration.  Data Source : NOAA NCEI.




Volume Budgets tor MHWSs

Torres, Drake, Forget, et al (in prep)

« Air-sea flux

(b) Integrated WMT budget for all MHWSs
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Lagrangian Marine Heat Wave Budgets

Jlang, Forget, Song, Haine (in prep)
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Iracking Supducted Anomalies
Hersh, Wiittels, Gebbie, Forget 2025
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Modae Water Source.

RedIonNs

Song, Yuanyuan and Forget, Gael (in prep)
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Global Mean , and Tropical Variapility

above 200m depth
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Sunlit Ocean Layer (SOL) = O-200m Layer
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« Proxy for SST

- Euphotic Depth

- Radiative transfer profile

- Ekman layer depth ~ 100m
 Not a unique choice!

- Why not O-10m? 0-100m?
Ekman Layer? O-MLD?

- Easy to change later (OCCA?2
is a full 3D, global estimate)
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