EGU

ANALYSIS OF THE KUROSHIO EXTENSION DECADAL VARIABILITY :
Internal Mechanisms and External Forcings

12 Fedele G. (giusy.fedele@unive.it),
3Penduff T., 4 Pierini S., 2Bellucci A., 2Masina S.

1Ca’ Foscari University of Venice 2 Centro Euro-Mediterraneo sui Cambiamenti Chmqtgc‘i {MCC,,;B\O";"'" a "{ P70 £ e A
3 Institut des Géosciences de |'Environnement, IGE, Grenoble 4 Parthenope Unlvers}t. ,Qf a:pies., RN OB (T S

/ '\\
f -'\ﬁ'\

@ e 5 |
&) @emee BN ()

"n“*l ) \ _,,m

o "
SAA LA,
e %

Credit: C. Henze,


https://www.nas.nasa.gov/

Introduction

Why study the Kuroshio Extension (KE) from a Climatic Point of View?

*Highest eddy kinetic energy level (EKE) in the North Pacific Ocean. EKE changes lead to high
temperature anomalies that are capable of enhancing the variability of the midlatitude coupled ocean-

atmosphere system.

«The KE is known to undergo relevant variations on the decadal time scale. The mechanisms that

generate the mean structure of the KE and its low frequency variability (LFV) are still under debate.
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Introduction

Frontal Variability (FV) Broad-Scale Variability (BV)
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« Many authors have suggested that nonlinear intrinsic oceanic mechanisms can play a
fundamental role in the phenomenon (Pierini, 2006).
« The KE LFV is interpreted as a case of intrinsic climate variability paced by external
forcing through the coherence resonance mechanism (Pierini, 2014).

(Figures Adapted from Qiu and Chen, 2005, 2010) < EGU



QUESTION

What is the role of the intrinsic variability and external forcing in driving the KE LFV?
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QUESTION

What is the role of the intrinsic variability and external forcing in driving the KE LFV?

METHOD

To explore a large ensemble of ocean-only eddy-permitting model simulations: OCCIPUT
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SIMULATION

OCCITENS

OCCICLIM

OCCIPUT"

MEMBERS
EXTENT AND AND FORCING SIMULATED TIME
RESOLUTION VARIABILITY SAMPLING
DURATION

50-members

. Full variability Forced and intrinsic
Global 1/4 ENSEMBLE (ERA-interim) i bilit £ 4
1980-2015 -interim variability ays
1 member Climatological Pure intrinsic
Global 1/4° ¢ i 5 days
300 years Seasonal Cycle variability

*Penduff et al. (2014) and Bessieres et al. (2017) @U



KE LFV Indices after post-processing (Nonlinear detrending filter and Lowess Low Pass Filter) OCCITENS
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Gaussian metrics are appropriate since the
climatological PDFs for these variables are pretty
gaussian

We take advantage of some definitions and
notations (Leroux et al., 2018):

fi(8) = (i) + [ ()

‘e defire fift, 7} as every Incex aftar nonlinear detrending, where t©
slancs fortbe bme iyl ens s bz mdex of Lhe ensemble reareber

We use averhars for tha t me-mean operator anc anglec brackets for
the ersemhle-mean nparatar
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OCCICLIM

e — 1

EXTENT AND MEMBERS AND FORCING TIME
! RESOLUTION DURATION SAMPLING
Pure intrinsic I
variability : 1 member Climatological c
| Global 1/4° Seasonal Cycle
300 yrs days

STRATEGY:
TO CREATE A PSEUDO-ENSEMBLE FROM OCCICLIM

50 members x 36 yrs have been built randomly from the indices already computed, in order to
compare the pure intrinsic variability with the total one given by OCCITENS.

(Esu



Lo 1980
-~ JPD=10% 1cc
. \ Max =xterson
- 3 S - Max10%
I S = N
X .
0ax o M .
> ,.’ . ‘. )
o _ > e 50
Q 03 \‘ g )l .l
2 B . \v‘; P
qJ "N \ —~f R &£
> o . i
x
0= v
by
ne
4 35 % 37 3 ]
Latitude

nwo

OCCITENS: 10% isoline

e e R R

WIS AR ATEW W

500

Latitude

Area(Year)/Max Area (%)

FC%
Velocity

Area(Year)/Max Area (%)

1L
c3
c3

c7

0
JIP2=10%
Max Extersor
- Max 1C%
L :
’\- ~ \.~ .

%

o

e

“

-~

Lati;cude

OCCICLIM: 10% isoline

1ro

a0

FC %

®,V¥: Latitude and Velocity Indices. Changing the Y-axis variable we always get the same footprint of the attractor.

(Esu



Velocity

Area(Year)/Max Area (%)

n
10 —_
Ny Y -~ JFD=10%
. A \ Max =xterson
v | 3 -~ Max 10%
I
.
v )
.l
G R
03 ) 3 ‘1 :
~ »
. v ;
\ f ’
0£ S
' N
0= v
ne -
3 5 % 37 3 n

Latitude

OCCITENS: 10% isoline

e e R R

500

190

10

g e 200 e mn s

1CC
N
® Fn
> (&)
B (@]
« O
>
X
0
TWO
KN
~. MODES
|
2 ‘i “
3
¥y |

1L 0 .
IPI=10%
AR ] Max Extersor
ca : ¢ -~ Max 1C%
: .
c3 I
c.7
B
Lh | )
L5 ' )
cal
2 = _oo Y] a M
Latitude
OCCICLIM: 10% isoline
- .
= i
z
7w
3
Z «
2
. |- ",y ‘J-ll‘

1o

a

FC%

(Esu



Velocity

Area(Year)/Max Area (%)

n
10 -
Ny Y -~ JPO=10%
\ SRR \ 1ax =xterson
05t ! -~ Max 10%
I
.
v )
.l
* R
03 ) 3 ‘1 :
~ »
v v ;
\ f ’
0£ M.
' N
0= v
ne -
M 25 % 27 3 n

Latitude

OCCITENS: 10% isoline

e e R R

500

190

10

g e 200 e mn s

1C

1L 9 y
IPO=10%
N ) o Max Extersor
ca |' - Mﬁx lC"b
: '
c3 I
> .-
=
P (@)
g o I
v 7]
> L, J
. ;
C.5 ' i
ce
29 o £ ) > M

Area(Year)/Max Area (%)

Tarn

D TTST AT TR

o

-

-~

Lati:cude
OCCICLIM: 10% isoline

TEAAAIT BMTE YA W

e
= i

1o

a

FC%

(Esu



Velocity

Velocity

n
10 .
i > -~ JPD=10%
. . \ M3 =xterson
0% ) S, - Max10%
.\ .
0x a
orha
. ‘\ L
03 ' R,
. P -
\ 4 7’
0% N
0= v
0e
24 35 % 3 3
Latitude
. [RLH
03
(1§ 2
- - . L
03 aas
0
ns
ot - -
i " ! H

n

1C

>
rx
O
o
)
>
Center of Gravity

>
x
O
O

)
>

1L o
JPI=10% 1o
' Max Exters or
ca - = Max 1C%
3
ca g |
et ‘-
s Ty, E )
- »
c.7 _ 8
- &L
| |
Lh ’
; ]
-. ‘5..
C.5
cal J°
n E) i) =~ M
Latitude
U v
0F
uns
« 03
fee
oe
n
0! . -
1 1 i n

Latitude




INTRINSIC VARIABILITY
PACED BY AN EXTERNAL FORCING
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The external forcing acts reducing the entropy of the dynamical system
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CONCLUSIONS

o« OCCIPUT ensemble simulation : disentangle the intrinsic and forced variabilities
« The KE LFV is a case of intrinsic variability paced by an external forcing
« The external forcing acts reducing the entropy of the dynamical system
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WORK IN PROGRESS

What is the ability of state of the art models in reproducing the observed KE LFV: the role
of horizontal resolution -PRIMAVERA project- Model data from HIGHRESMIP-CMIPé6

HighResMIP
-CMIP6

Coupled
Model

Qutput
Frequenoy

Vertical
Levels

Configuration Resclution Forcing
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** Madel data are from the H2020 PR/MAVERA Project

{
! HR

| VHR

a
ADE TN 1T 00 r-I:-KEm ME IT0 U0 1res

ny L‘afltu“de no 59

FEIMAVER

Fedele et al., in preparation

(Esu



EGU

THANKS FOR YOUR ATTENTION

Fedele G. (giusy.fedele@unive.it)

FELEN

| cmcce Universitz  Z-a 74\
IGE ") 2'Fo (#E=0E)
r- v , |-,_-\\’ . 17 “‘l
- A N s Camsamenti St enezl \ __o'-l _‘é.
N oo

FEIMAVERA

Credit: C. Henze,


https://www.nas.nasa.gov/

