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/// Overarching theme EERI
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EERIE's main scientific goal is addressing the role of ocean
mesoscale eddies on the climate system. In this science hour,
we would like to generate discussions following the overall

theme:
1) How well do models represent the ocean mesoscales?

2) How can we quantify mesoscale eddy impact on the ocean,
atmosphere, sea-ice and coupling?

3) What processes are associated with the ocean mesoscale
that differ from the large-scale?

4) How do we extract the impact of mesoscales?

* Focus on the representation of mesoscale eddies in models
and their impact on local air-sea coupling.




Eulerian view
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Regression of TAUmag on SST (full field) for DLF
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Regression of TAUmag on SST (full field) for DLF
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Regression of TAUmMag on SST (3° hlgh pass) for DJI;
180° 60°W 0° B0°E

What resolved mesoscale processes
Vs large-scale processes would give

rise to the different spatial patterns of
air-sea coupling?

Two dynamical processes on the ocean mesoscale:
thermal feedback (TFB) and current feedback (CFB)
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/// Thermal feedback (TFB) and
//9 yrrent feedback (CFB)

Table 1
Coupling C

Coecflicient

(Renault et al.

, 2016)
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Description CFB
“bottom-up” effect: surface

currents directly affect
Surface current vorticity and wind curl stress and wind

Cross-wind 55T and surface stress curl
Cross-wind 55T and 10-m wind curl

Surface current vorticity and surface stress curl

Down-wind 55T and surface stress divergence

_ o TFB
Sl “i'"d e "top-down" effect: impact of
SST and surface stress magnitude SST and/or SST gradients
55T and 10-m wind magnitude on ABL turbulence and

surface wind and stress
(vertical mixing mechanism)
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Thermal feedback (TFB)
SST and 10m wind speed

Wind-Evaporation-SST
(WES feedback)

more evaporation

faster § winds

cooler SST

less evaporation

slower  wind

warmer SST

Regression of 10m wind speed on SST (full field) for JJA Regression of 10m wind speed on SST (3° smoothed) fog'CJJA
60°W 0° 60°E 180° misf°C 180°  60°W 0° 60°E 180° mysf




Thermal feedback (TFBf
SST and 10m wind speed

Wind-Evaporation-SST
(WES feedback)

more evaporation

faster § winds

180°

60°W 0° B0°E

180"

60°W 0° B0°E

180°

Regression of 10m wind speed on SST (full field) forj A

cooler SST

less evaporation

slower  wind

warmer SST
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lBD“‘

60°W 0°

60°E

180°

180"

60°W 0°
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60°E

180°

ression of 10m wind speed on SST (3¢ high-pass) forCJJA Regression of 10m wind speed on SST (3¢ high- pass) for DJF
180°

Regression of 10m wind speed on SST (3° smoothed) forCJJA
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ression of 10m wind speed on SST (3¢ high-pass) fogCJJA Regression of 10m wind speed on SST (3? high-pass) for DJF
180° 60°W 0° 60°E 180° mjsf 180° 60°W 0° 60°F 180° mjs/°C

Thermal feedback (TFéef

SST and 10m wind speed . ‘ o s & B
30°N 30°('} 0.2 30°N s ) 30°( } 0.2
0° 0°| L o.0 0° 0%| Fo.0
30°S 30°4L g 30°S 5 30°0 oo
Vertical Mixing R % _ 04 W _ o4
Mechanism (VMM) 180° 60°W 0° 60°E 180° 180° 60°W 0° 60°E 180°
Altitude . - (extra-tropics)
. ») warm SST anomaly » cold SST anomaly
= destabilize > = stabilize
atmosphere atmosphere
= enhance vertical = inhibit vertical
transfer of transfer of
momentum momentum
— = increased = reduced
- l‘si’al surface winds- - == surface winds

Modified from Pasquero et al., 2021
Warm SST anomaly Cold SST anomaly



/// TFB via Vertical mixing mechanism (VMM)

/////// 11 Warm SST

increased surface

winds

Warm SST anomaly

cold SST

reduced surface

winds

Cold SST anomaly

Winds blowing
over cold to warm

SST anomaly will
produce
anomalous
surface

COOL  divergence
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(Chelton et al., 2001) WARM



/// TFB via Vertical mixing mechanism (VMM)

/////// [ Warm SST cold SST

increased surface reduced surface
winds winds

N a _ _ Winds blowing
— Winds blowing over cold to warm
along SST SST anomaly will

¥ 4 isotherm anomaly produce
* will produce anomalous

i — anomalous surface
— - surface curl COOL  divergence

Warm SST anomaly Cold SST anomaly Mg L™ g \ \ N N\

(Chelton et al., 2001) WARM



warm SST cold SST

/// TFB via Vertical mixing mechanism (VMM)
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increased surface reduced surface
winds winds

il & _ _ Winds blowing
g Winds blowing over cold to warm
along SST SST anomaly will
isotherm anomaly produce
a will produce anomalous
) B anomalous surface
>l ) surface curl COOL divergence
Warm SST anomaly Cold SST anomaly Mg L™ g \ \ N\ N\

Thermal feedback estimated using: g
SST [] wind speed / stress magnitude

downwind SST gradients [] wind/stress divergence
crosswind SST gradients [] wind/stress curl

(Chelton et al., 2001) WARM
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/// FB: downwind SST gradient and wind stress dlvergenc\e =
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Regression of tal;ldl‘u‘ on dw:fnSSaTgrad {fI;l" field) fnr.y Regression of taudiv on downSSTgrad (3° smuuthecnil)nj:pré_l.&
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0.00 0.00
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Regression of taudiv on downSSTgrad (3° high- pasa} fgr‘%l.& COOL
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13” 60°W 0° 60°E 180°
(Chelton et al., 2001) WARM
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Regression of taucurl on crossSSTgrad (full field) fur}HA
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60°W 0° B0°E 180°
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0.00
—0.02

—-0.04
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Regression of taucurl on crossSSTgrad (3° hig h-pas%) er{j-_!A
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Regression of taucurl on crossSSTgrad (3° smnnthed) fzog(”,&
180° 60°W 0° 60°E 180° I

o e = —

60°N ;’5 ,-‘( T 60" 0.04

30°N 0.02

0° 0.00
30°5 —-0.02
—0.04

(Chelton et al.. 2001) WARM
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/// Current feedback (CFB)
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Table 1
Coupling C LEnls

Coefficient Drescription CFB
“bottom-up” effect: surface

Surface current vorticity and surface stress curl .
currents directly affect

Surface current vorticity and wind curl stress and wind
LA Cross-wind S5T and surface stress curl
L Cross-wind 55T and 10-m wind curl
St Down-wind 55T and surface stress divergence
L7 Down-wind 88T and 10-m wind divergence

L. S5T and surface stress magnitude
S5T and 10-m wind magnitude

(Renault et al., 2016)
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/// CFB on stress curl vs wind curl
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No current feedback

e

Background surface current

wind velocity

Current feedback on stress
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Current feedback on wind
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CFB on stress curl vs wind curl

/ ~ avd
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(Vx7T)=0

No current feedback Current feedback on stress

r—---=-Nn

i

surface current

4

Background wind stress

wind velocity

—

e N Y N

\'p
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Current feedback on wind
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/// CFB on stress curl vs wind curl
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(VxT)=0

No current feedback

e

Background surface current

wind velocity

Current feedback on stress

I'___l\,

wind stress

—
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Current feedback on wind
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/// CFB on stress curl vs wind curl
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No current feedback

e

Background surface current

wind velocity

Current feedback on stress

I'___l\,

wind stress

Current feedback on wind
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/// CFB on stress curl vs wind curl
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(VxT)=0

No current feedback

i

Background surface current

wind velocity

(Vx7T)>0

_____ _— o dN

Current feedback on stress

r—---=-Nn

)

wind stress stress curl

““\\\\\\

\ “S

NG N N N N N N N R N NN

Current feedback on wind
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/// CFB on stress curl vs wind curl
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(VxT)>0

_____ _— o dN

(Vx7T)=0

No current feedback

i

Background surface current

wind velocity

Current feedback on stress

R AN

wind stress stress curl

B

\\\\\\\\€\<\O\

Current feedback on wind

N\
Zy
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(<
(VxT7)=0 (V><T)>O

_____ _— o dN

No current feedback Current feedback on stress Current feedback on wind
—— r—--", >
Background surface current wind stress stress curl wind velocity

wind velocity 24



/// CFB on stress curl vs wind curl
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(VxT7)=0 (Vx7T)>0

_____ _— o dN

No current feedback Current feedback on stress
—— r—--", >
Background surface current wind stress stress curl

wind velocity

"“‘\\\\\\\\\\

\EER
NG N N N N W W R\I
(<0
(V x1,) <0

Current feedback on wind

>

wind velocity wind curl
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Regression of taucurl on sfcvort (full field) for DLI;W2
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B e YR e e T e 0.02
0.01
30°N A i -l S e oy 30°
0° ke 4 0°| I 0.00
30°S % i/ 30°
—0.01
—0.02

— S S S S T T~ AN A N Y N \

7 . \
/CFB: surface current vorticity and stress curl \
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Regression of taucurl on sfcvort (3° smoothed) for DJF
180° 60°W 0° 60°E 180° Ns/m
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/// CFB: surface current vorticity and wind curl =1
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Regression of windcurl on sfcvort (full field) for DJF Regression of windcurl on sfcvort (3° smoothed) for DJF
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Regression of windcurl on sfcvort (3° high-pass) for DJF
180" 60°W 0° B60°E lBD“

0.75
0.50
0.25
0.00
—0.25
- —0.50

- . y —0.75
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/Scale dependency: stress curl vs wind curl
/

\EERIE \
FOCPEEEEEETETPRE RTINS — N N N N N U U U U N U U NN
Correlation of wind curl and stress curl (total field) for DJF Correlation of wind curl and stress curl (3° smoothed) for DJF
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0.3
0° 0®
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: == i 0.0
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Correlation of wind curl and stress curl (3° high-pass) for JJA Correlation of wind curl and stress curl (3° high-pass) for DJF
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0 0 0° |- 10
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Wmd work = (7 - ,)

AU A U N

¢ <0

No current feedback

Current feedback on stress

_—— = |
—— r R

Background surface current wind stress
wind velocity

(Modified from Rai et al., 2021)
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Wind wor (T - )
I /
v
¢ <0
N
- N\
-7 -  —
¢+ (T-1,) =0
N
= T TN
___________ /
4

No current feedback

Current feedback on stress

_—— = |
—— r R

Background surface current wind stress

positive wind work negative wind work
wind velocity

(Modified from Rai et al., 2021)
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/// CFB on wind work (“eddy killing”)
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Wind work = (7 - ,)
. <0
¢ <0 C
> (Fed,) =0
___________ > /

No current feedback Current feedback on stress

_—— = |
—— r R

Background surface current wind stress

positive wind work negative wind work
wind velocity

(Modified from Rai et al., 2021)
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Wmd work = (7 - u,)

No current feedback

——

Background surface current
wind velocity

< 0
(<0 C
[
-\
-7
| 4
Current feedback on stress
r=-- I\’
-————y
wind stress

positive wind work negative wind work

(Modified from Rai et al., 2021)
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Wind wnrk {tcrtal fleld) furJJA wim Wlnd work (3deg smnnthed} for JJA
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= 0.15
0.10
0.10
0.05
0.05
0.00
0.00
-0.05
—-0.05
—-0.10 —0.10
. B s -0.15
1E'D ED W D ED E 1E'D lﬂﬂﬂ Ennw no EDnE lﬂﬂﬂ

33



/ 7S AATTTTTHTTTIIIMNNNNNNNOS OSSOSO T/ — 7 777 7 7 7 7
/ CFB on wind work (“eddy klllmg”)

Wind work (total field) for JJA wim?
= - o = 0.15

0.10
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0.00
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= -0.15
180° 60°wW 0° B60°E 180°

Wind work (3deg high-pass) for JJA
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Wlnd work (3deg smnnthed} for JJA
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Wind work (2deg high-pass) for JJA
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Wind work (total fleld) for JJA wym? " Wind work (3deg smoothed) for JJA
0.15 180° 60°W 0° 60°E 180° Nimjs
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30°N _ . < N ; 0.05 0.10
0° 0.00 o
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Wind work (3deg higt OF SPATIAL FILTER TO eg high-pass) for JJA Wim?
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Thoughts for discussion
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1) How can we quantify mesoscale eddy impact?

htt

Metrics and diagnostics

ns://docs.google.com/spreadsheets/d/1ZC9Hka-7AF6r27uREU6eU

Wi

TTaXKQoCM6I2Ar-UYdw/edit#gid=0

2) What processes are associated with the ocean mesoscale
that differ from the large-scale?

3) How do we extract the impact of mesoscales?

Types and length scales (fixed vs varying) of spatial filters

~~~THANK YOU!!! ~~~ 36


https://docs.google.com/spreadsheets/d/1ZC9Hka-7AF6r27uREU6eUwiTTTqXKQoCM6l2Ar-UYdw/edit#gid=0
https://docs.google.com/spreadsheets/d/1ZC9Hka-7AF6r27uREU6eUwiTTTqXKQoCM6l2Ar-UYdw/edit#gid=0

Lagrangian perspective

Use py-eddy-tracker across models (as used for AVISO eddy

tracking)
Model data is regridded to 1/4x1/4" before tracking (same grid as

AVISO uses)
Ongoing work, only some models shown here (more data is

available, just not used yet)
Thanks to Dian and others for the non-Met Office model plots, and

for the code for composites (from the Hackathon)



EERIE models

25/01/2024

Model name

Model
components

Atmos dynamical
scheme (grid)

Atmos grid name

Atmos mesh
spacing ON

Atmos mesh
spacing 50N

Atmos model
levels (top)

Ocean grid name

Ocean nominal
res (km)

Ocean levels

Simulations
(phase 1)

HadGEM3 GC5-
EERIE

UM
NEMOA4.0.4
SI3

Grid point (SISL,
lat-long)

N96, N216,
N640

208, 93, 31
135, 60, 20

5 (85km)

eORCA(1,025,12)

100, 25, 8

75

CMIP6-like
(1850-2100)

ICON

ICON-A
ICON-O

Icosahedral

R2B8

10

10

90 (0.01 hPa)

R2BYS

72

HighResMIP-
coupled
(1950-2100)

IFS CY48R1
FESOM2
FESIM2

Spectral (cubic,
octahedral, reduced
Gaussian)

Tco1279/Tco639

8/16

9/18

137 (0.01 hPa)

FESOM

13-4.5

70

HighResMIP-
coupled (1950-
2100)

IFS CY48R1
NEMO4.0.7
SI3

Spectral (cubic
octohedral,
reduced Gaussian)

Tcol279

137 (0.01 hPa)

eORCA12

8

75

HighResMIP-
coupled (1950-
2100)

ECMWE-IFS

IFS CY48R1

Spectral (cubic
octohedral,
reduced Gaussian)

Tco1279/Tco319

8/31

9/36

137 (0.01 hPa)

NA

NA

NA

HighResMIP-AMIP
(1982-2022)
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Trajectories longer than 365 days over 20 years, MOHC_N640-012 \
180° 120°W 60°W o0 60°E 120°E 180"
CIR, Taalin &8 ==~ piControl simulation R \
i : i N NN

20km-1/12°, 20 years,
eddies longer than 1 year,
data regridded to 1/4°
before tracking,

tracking is ongoing with
model simulation

180° 120°wW 60°W 0° 60°E 120°E 180°

Trajectories longer than 365 days over 20 years, AVISO
180° 120°W 60°W 0* 60°E 120°E 180°

AVISO observations
20 years,

eddies longer than 1
year,

data on 1/4° grid
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Eddies by year

Ratio Cyclonic/Anticyclonic

104 5

1033

102 4

10! 5

107 4
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Amplitude (cm), 20 years
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