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% Introduction

Rupose

Toinegtigatewndt trigoarstheformation of the Kurodhio large meender peth
usngsngla vector (SV) andyas(To identify thetrigper ogedivay).
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¥ Basic property of Singular Vector (SV)

Sate vector inthefina date (t=n) Linear deviationinthefind date
X, =M (X,) » Ax, = LAX,
L: Tangent Linear model

The Right Sngular Vector (RSV) of L isthe eigen vector of LTL.
T _ 12
L' Lu i — Ai U, U:RS/ A:Sngular Vaue

RSV evolvesto the Left Sngular Vector (LSV) by the tangent linear moddl, and LSV evolves
back to the RSV by the adjoint moddl.

- Il =
Lu; =Av;, L'vi =AU, v:Lsv LT Adintmode
The1s RSV, U, , associated with the largest Sngular value, A, , maximizes the growth retio

of the perturbation, I

AX TAX. AXILTLAX
R . max( r¥)=u;L'Lu, = A;
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¥ Singular Vector for sensitivity analysis

Deviation restricted in the target (Kuroshio meandering) regon
Az, =PAXx, =PL Ax, = PLT Ay,

P: ProjectionMatrix Y,: parametersfor initid sate
T : Tranformetion Matrix from Ay, to A%,

Ratio of the megnitude of target, Az TAZ_(Final Norm) to the megnitude of the
deviation of theinitia parameters Ay," Ay, (Initial Norm).
2 _ Az,Az, _ Ayo(PLT )'(PLT )Ay,
AyAy, AygAy,
Thele RSVof PLT,U,, meximizestheratior .
mex( r%) =uy (PLT )" (PLT )u, = A

Thedaeinthetarge regon ismod sangtiveto the paturbation pardld to
the1s RSV intheinitid-dee pararde (Ay) Jece



¥ Ocean Model (MRI.COM)

MRI.COM: OGCM developed in MRI. North PacifrModel(05 %05
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Sngular vector Iscaculated usng the tangent linear and I
adjoint models of the western North Pecific model. ST



¥ Target

Smulated meander
(1996/09/01

- 1996/11/10)
Color: SH
Contour: Pressure a 1800m

A2 (Hna Norm)

- Kinetic energy
In the target regon
Az,Az, = > > Vi (Buj +Avip) A 2
|k VA2, V3,
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w Parameters for the initial state

Initid Time = about 2 month before the meandering occurs
Yo (Initid Norm) - Kinetic + potential energy in the whole model regon

Ay, Ay, = > %Vik (Duj +Avi + N*Ahg) + gAiAniZE

A, vertical deviation of the water mass position
N : Brunt-Vaisalafrequency

T-Srdation in the vertica prafile in the background is conserved.
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Y Method of calculation
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i Tangertt Linesr Modd ' 10-day IAU

| 10-day |AU 10-day averaging | = Satup of initid perturbation
! Initid Norm Eind Norm : 10-day av gdgng

! ' = For evauating final norm
! Adjoint Modd : @
R LancaosMethod  --------- :

~~

1¢t mode (Sngular vaue: V2 2ndmode (Sngular vaue: ) V108

% Shown intheres of the presentation
Snulation runs

TL run: RSV - Tangent Linear modd

Adjoint run: LSV = Adjoint modd

+SV run: Background + RSV = Origna nonlinear moddl

-SV run; Background — RSV = Origna nonlinear modd 10
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¥ Cyclic Property of SV Cobr: 1200m Tempemiue

. . {i} Senaitivity Doy10 {a} Initial perturbation (RSW} (5} Perturbation Day10
RSV: Anticyclonic and | 7 - doss Pa Y foss
0.25 e B
warm anomaly south east 7 Fots
0.0 0.05
of Kyushu. o | Fots
I 025 | g0
-0.35 | H-03s
v E— ol 14
TL run: Cyclonic and cold AR b
anomaly is generated and s fos
propagated to the ead. - e
; ) e
I -50 I = | gos
\"4 -0 = 5 | §or
. ; = = Y mtods T gg
LSV: Cyclonic anomaly s % o ton b
west of the meander. n |2 S ? 28
344 20 ] 20
| ‘ i
v :
Adjoint run: Signal is 20 B
propagated to the east. LSV A 4 wE o
(The route is different . 0 Lsv ; te) Perturbation Doyt
! 35
from the TL model.) 025 25
o5 ¥
I 05 5
v ozt i
RSV 0.35 s

13

nE IS8 —  140C
Limit: 0.1 1



¥ Comyparison of SSH in +SV and —-SV runs

Color: +SV run, Contour: -SV run
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+SV run: the meander developed at Day65 and remained there.

-SV run: the meander propagates faster, and passesthe 140E line at Day65,
The Kuroshio path gets Sraight at Day150.
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% Linear and nonlinear evolution of SSH in SV

Linear (TL run)

{a) Day10
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Linear and nonlinear evolutions are dmost same until Day25.

Although the growth is suppressed in the nonlinear evolution after Day40, the pogtion of
anomdly isgill amilar.



¥ Setup of the growth
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¥ Difference of setup between +SV and —SV runs
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Temperature and pressure a 820min Day10

(a) +SV run
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(b) —SV run
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The presaure contours cross the isothermsin +SV run, which means cold
advection acrass Kuroshio and dowrnwelling exid there.
—> An anticyclonic eddy is enhanced in the lower layer.

The pressure contour isamog pardld to isothermsin—SV run.



¥ Difference in the deep layers

Temperature and pressure a 1800min Day25

(a) +SV run
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In+SV run, the deep anticyclonic eddy is developed and producesthe cold anomaly
which affectsthe pressure fidd in the upper layer.

The cold anomdly is ot 0 definite in—SV run because the deep anticyclonic eddy
does not developed.
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Yo Similarity of SV and background initial state
Day10 (a) P&20, wgzo
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It may be because the initid of the background origindly includes the seed (SV)
that the large meandering occursin the background.



Y “Contribution”

@AX LT ;(i+1)T AXi = ;(i+1L AXi " ;(i+1AXi+1
Adjomt - X AX (PTAZn)T AXn = AZE PAXn

vandles = Azl Az = (Qnglar  Vaue)

The sum of the product of forward variadles (in TL run) and adjoint variables (in adjoint
run) becomesthe final norm (the square of the angular value), and conserved.

The product representsthe ratio of the contribution of the dements (temperature,
velocity, etc.) to the find norm, that is, the growth of the perturbation.

Therefore, we cdl this product “contribution”.

Didribution of the * contribution” showswhere or which eement isinportant for the
perturbation growth.
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w “Contribution” in the SV

(a} Total {c) Horizontal, Day10 {d) Horizontal, Day25
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Large Contribution = 1000-2000m and south east of Kyushu at Day10 k



¥ Remowving high-frequency variahility

Result with 1-day IAU for the initial normand 1-day averaging for the final norm

(o) Day10 PEZD
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{b) Doy42 SSH {c)Dey65 38H

i
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(@): 820mpressure at Dayl10in TL run, (b) SSH at Day40, (c) SSH at Day65 in —SV run. Thick black line:
Kuroshio Axs in the —SV run of original (10-day |IAU and averaging) resullt.

Theinitid date has srdler Sructure.

The smdll meander propagetes not so fast asthe origna —SV run.

- Difference between the background and —SV run issdller than the orignd, athough
the angular vaueislarger than the origna case.
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The SV does not represent nonlinear physcs properly. 2
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¥ Mechanism of the meandering growth

Alfecting
pressure

d anomaly
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Y Summary

Where should we obsene?
South east of Kyushu (Eddiesinteract with Kuroshio there))

T and Sinthe layer between 1000-2000m depth
(It affectsthe pressure fidd in the upper layer.)

What is essential for performing the SV analysis?
How do we measure the magnitude of the initia and final perturbation?
(How do we chosetheinitid and find norms?)

Removing the high frequency variahility.
(subtracting SV reflecting nonlinear physcs))

Can we negect the influence of surface and boundary forcing?
(It isprobadly OK for the case of the Kuroshio meandering.)
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