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CTpyKTypHasi yCTOMYMBOCTH (Ipy0dOCTH) IHHAMUYECKUX CUCTEM

OuHamunuyeckana cucrema (AC) - matemaTmnyeckas
MoAeNb 3BOHOLMOHHbIX MPOLECCOB:

M - mHOXecTBO BCeBO3MOMKHbIX COCTOAHMIA NPOLLECCa
(dpa3oBoe npocTpaHCTBO)

t,f)t : M — M - onepatop 3Bonoumum coctosHMii

3apaHue AC B Buge cucrembl OA4Y:
do'x

— F(olr
dt (pz)

CtpyKtypHaa yctonumnsoctb AC (AHApoHOB 1 NMoHTparuH, 1937) -
YCTOMYMBOCTb pa3bmeHuna (TonosorMyeckomn CTpyKTypbl) ee ¢pa3oBoro
NPOCTPAHCTBA Ha TPAEKTOPUM MO OTHOLLEHMIO K MasibiM U3SMEHEHMAM

NpaBOW YacTu

BudypKauma - HapyLleHne cCTpyKTypHon yctomnumsoctu C, KoTopoe
NPUBOAMUT K Ka4eCTBEHHOMY U3MEHEHUIO PEXKMMA ee NoBeaeHUs
(KpuTHUUeckmne nepexoabl, Katactpodbl)

PasBuTtue npeacTaBaeHuUit 0 CTPYKTYpPHOMU ycToitumsoctu AC

AHppoHoB U MoHTpAaruH (1937), Neinworo (1962) - ycnhosus

CTPYKTYPHOM ycToMuMBOCTU AByMepHbIX AC, munuyHocme 2pybbix
osymepHsbix [IC

Cmenn, AHocos u gp. (1960e-70e) - ycnoBua CTPYKTYPHOM
YCTONYMBOCTN MHOTromMepHbIx C, runepbonmyeckasn Teopus,
HemurnuyHocms 2pybbix MHo2omepHbix [C

LWnnbHukos, Bunbamc, CuHait u ap. (1980e-90e) -
KBa3MaTTPaKTOpPbl, NOHATME NceBaornnepboanyHocTu

NccnepoBaHue CTPYKTYPHOU YCTOMUUBOCTU KapAUHANIbHO
YC/I0XKHAETCA C pocTom pasmepHoctu [C



CTpyKTypHasi yCTOMYMBOCTH (Ipy0dOCTH) IHHAMUYECKUX CUCTEM

OvnHamuueckana cuctema (AC) - maTemaTnyecKkas CtpyKtypHaa yctonumnsoctb AC (AHApoHOB 1 NMoHTparuH, 1937) -
mopaer ee $a30Boro
A3MEHEHUAM

v' BO3MOKHO M UCC/ief0BaHNE CTPYKTYPHOM YCTOMUYMBOCTH
6eckoHeyHOMepHbIx AC? e —
{fa;xf:*f;;j; (npocTpaHCcTBEHHO-pacnpeaeneHHbIX CUCTEM, TAKUX KaK '08eAeH!s
KAMMaTHUYEeCKaa cuctema?)

t,f)t M — M ,octm AC
10BUA
3apat cmb 2pybbix
C
- v/ BO3MOXHO, ec/nu1 yaacTca NoCTPOUTb aAeKBaTHOe HO
a0pus,
KOHeYHoMepHoe (HM3KopasmepHoe!) onucaHue
6eckoHeyuHOmMepHoOM [1C .

noHATUE nceB,u,ormnep60n MYHOCTU

NccnepoBaHue CTPYKTYPHOU YCTOMUUBOCTU KapAUHANIbHO
YC/I0XKHAETCA C pocTom pasmepHoctu [C



Cay4aiiHble (CTOXaCTHYECKUE) IMHAMUYECKHE CUCTeMbl U uX Oudypranumn

KoHeuHomepHoe onucaHue [C c 6eCKOHeYHbIM YUC/IOM
cTreneHeu cBob6ogbl (popmanmuam Mopu-LiBaHuyura):
MOZAENNPYETCA OTHOCUTE/IbHO HEDO/IbLLIOE YNCO CTEMNEHEN
cBoboapl (relevant), octanbHbie cteneHn csoboabl
(unresolved) TpaKTylOTCA KaK «LyMm»

CnyvaitHaa AC — «geTepmnHmpoBaHHaa [C, Bo3myLLaemas
LWYMOMY:

(M, o' (w))
M - dbasosoe npocTpaHcTBO

(.Q.? Z, P) - BEPOATHOCTHOE NPOCTPAHCTBO

O w): Ax M — M

- onepaTop 380/IOLUM

0" Q) — Q

3apaHue cayyamHbix AC B Buge croxactmyeckux AV:

dot () r
P _ (i,
dt

Zwanzig, R. (1980) in Systems Far From Equilibrium, ed. Garrido

BbudypKauum caydamHbix AC

AvnHamunueckaa 6udypkauma (D - 6udypKauma) - mnameHeHue
XapaKTepa YCTOMYMBOCTM a30BbIX TPAEKTOPUM HA CAyYaUHOM
ammpaKkmope (cMeHa 3Haka NANyHOBCKOro NnoKasaTtens)

deHomeHoNnoruyeckaa b6udypkauma (P - 6Gudypkauusn)

KayecTBeHHOe U3MEHeHne CTaLMOHapPHOM MNJIOTHOCTU
pacnpenefneHns BepoAaTHocTen B $a30BOM NPOCTPaAHCTBE

Mpumep P - 6udpyprayum:

3 2.00
Tp+l =TTy — T, + Er.- 1s
150
1.25 -
> 1.00
8
0.75 4
0.50 4

0.25 4

L. Arnold, Random dynamical systems



baiiecoB moaxoa K NOCTPOCHHUIO U AHAJIU3Y CTPYKTYPHOU YCTOMYUBOCTH

IMIUPUUYECKOU CTOXACTHYECKOU MOIEIU

O6wui BUA aMnupuYecKoin mogenm

Hab6sr01aeMble JaHHbIE

X{,..,Xy X€ERP

®dazoBblie I[IepeMeHHbIE

Vi, ., ¥y Yy € R4<P

Croxactuueckas /IC

Yn = f(Yn—L' ---'Yn—l) + g &n
K |

Relevant processes Unresolved processes

HenuHeliHaa napamempu3ayus - HelipoHHaA cemo

m

f(z,) = z «; - tanh(w;z,, + ;)

i=1
Zy, = (Yn-r» - Yn-1)

O6yueHue n oNTUMMU3ALUA MOAENU B PaMKaxX
balecoBa noaxona

Yn = f(Yn—L» ---JYn—l) +88&,

U¢ — MapaMeTphbl leTEpMUHHUPOBAHHOM YaCTH

A

g — INapaMeTphbl CTOXaCTUYECKOW YacCTHU

H; = {L,m} — cTpyKTypHble napaMeTpbl

AnocTtepuopHoe pacnpegeneHue napamerpos mogenu (APB):
P(pys, 8ly, H; ) < P(ylps, 8 H;) - P(us, 8/H;)

lleHoBasi pyHKIMS HA CTPYKTYPHBIE MapaMeTpbl Mozies 1M (060CHOBAHHOCTD):

P(y|H;) = f P(ylus, 8 H;) - P(ug, 8/H;)d pedg
BaliecoB KpUTepUN ONTUMaJIbHOCTH MOJEJIH:

Wy, (15, 8) = —In[P(ylue 8 Hy) - P(ug 8H,)],

1 — =
— 7wy (7. )|

— 1
L= —InP(yIH) = Wy (5,2) +5 10

*  BMmecTo eAUHCTBEHHOI MoAenn, COOTBETCTBYIOLLLEN TOUEUHOM OLeHKe NapamMeToB, UMeeTCA
CTaTUCTUYECKUN aHCcambnb moaeneid, cooTBeTcaytowmii APB

*  CTpYKTypHas yCTOMYMBOCTb NOHMMAETCA B BEPOATHOCTHOM CMbIC/1€ MO OTHOLUEHUIO K

Nony4yeHHOMY CTaTUCTUYECKOMY aHCambAto



AHAJIU3 CTPYKTYPHOU YCTONYUBOCTH KOJIEOAHUSA
ib-HUHBO M0 JAHHBIM KOHLENTYAJbHOW MOACJIH



ANb-HUHBbO

El Nino Episode Sea Surface Temperatures

Departure from average in degrees Celsius

Dec 1982 - Feb 1983

El Nino Conditions

i 4 -
: b e
td o
5 i{’
__________ r
|
| 11
| =
‘ 2 ’
|
I
I
|
Equator —;
120°E

I S -

2jab-Hunbo - FOQkHoe KoJ1e0anue

* CunbHble aHOMannKn (OTKNOHEeHUA oT
KIMMaTU4YECKOTO CpeHero)
NOBEPXHOCTHOM TemnepaTypbl BOAbI B
LEeHTPaNbHOM U BOCTOYHOW YacTH
Tponunyeckoro TMxoro okeaHa

* CunbHble cobbITUA cyvyaroTca KaxKable 3-8
NeT U NPOAONXKAKOTCA B TeYeHUEe O4HOro
roga

* [lnK aHOManni NOBEPXHOCTHOM
TemnepaTypbl, Kak NPaBUI0, NPUXOAMUTCA
Ha 3MMHME MecALbl
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La Nina Episode Sea Surface Temperatures
Departure from average in degrees Celsius

Dec 1998 - Feb 1999
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KoHuenryajgbHass Moaesb KojJed0anus Jib-HuHbo

An Equatorial Ocean Recharge Paradigm for ENSO. Part I: Conceptual Model
Fer-Fer Jin

Department of Meteorology, School of Ocean and Eorth Science and Technology, University of Howaii ar Manoa, Honolulu, Hawaii

(Manuscript received 11 January 1995, in final form 3 September 1996)

Tr — aHOMaJius TeMIlepaTypbl MOBEPXHOCTHU B

( dTE

T = R(i)TE + wohy + bT% — C‘Tg + o0& BocTouHO# YacTu Tponuyeckoro TUXOro okeaHa
at
dhy, ) T h,, — aHOMaJIUA IJy6GUHbI 3a/IeraHUA TEPMOK/IMHA B
{ dr —Thy —WolE 3alaJiHOM YacTH TPoNnuYecKkoro TUX0Oro okeaHa
df § — aTMocdepHbIl POPCUHT
— = —mé& + w(t)
| d? '

Ce30HHanA moaynauua CBA3N OKeaH-

MepneHHble npoueccbl NpucnocobneHmns okeaHa
atmocdepa (obpaTHan cBa3b bbepkHeca):

(6anaHc CBepapyna):

‘ — 27 —1
wo = “ig month™1 We = Tymonth
R(t) = Ry — R, sin(wyt) * CucTema B OTCYTCTBUM LWyMa UMeeT

nonoxeHume pasHosBecna tmna d)oxyc B TOYKe

Ro—‘r
O6paTtHasa cBA3b bbepKHeca (TEpMOKAUH, aNBEN/IUHT, 30Ha/IbHAA aaBeKuua): (0,0)c pekpemeHTOM
. 1 -1 .. 1 -1 I -1
Ry —r = —ﬁmonth T =1 5m(mth, R, = G.Sm.()n.-r_‘.h. « M3-3a NepMOAMYECKOIi MOAYAALMM
napameTpa COCTOAHME PaBHOBECUA MOXKET
AHomanbHasa aaBeKuuAa (HenUHeHbIA AMHAMUYECKUIA Harpes): TEpPATb YCTONUMBOCTb BCAEACTBUE
_ _ _ e 6u Kauuun AHApoHoBa-Xonda ¢ MArKUm
b= rﬂ(ﬁlr-;f?’z.o-;f?,ith Leg-te= Fgrmonth Log-2 bypray AP ¢
96.5 ' 12.5 poXaeHuem npenenbHOro LUKna

* Cucrema AONyCKaeT paCCMOTpPEHUE Ha

BbicTpble npoueccbl (aTmocdepHblit GOpCUHT):
ceKyuwei MyaHkape c warom 1 rog,

m = ﬁmonth_l, o= %month_l,



(R(t)—n)/2

JIlunamuka cucrembl HA cekyier Ilyankape

Ce30HHasA moaynauma cBa3u oKeaH-atTmocdepa
B 3aBMCMMOCTM OT BE€/INUMHDbI fleKPEeMeHTa B
HauyaNbHbII MOMEHT BpemMeH!U

0.10 4

0.05 1

0.00 4

—0.05 -

—0.10 4

—— [Ra—n)2 =-0.02
— (Ro-ni2=0.0
— (Ro—ni2=0.02

[MpY U3MEHEHUN XapaKTepa YCTOMYMBOCTU CUCTEMbI B
ceyeHuu MNMyaHKape npoucxoant P-6udypKauma, ceasaHHas
C KaYeCTBEHHHbIM U3MEHEHNEM CTPYKTYPbI NIOTHOCTH
pacnpeaeneHns BepoAaTHocTel B $a3oBOM NPOCTPAHCTBE

MnoTHOCTL pacnpeaeneHuna coctoaHuii B pasosom
NPOCTPaHCTBe Ha ceKyLei MyaHKkape ¢ warom 1 rog

(Ro—r)2= —0.02 5 (Ro—r)/2=0.0 , (Ro—r)/2=0.02




JAnHaMUKa SMIIUPUUYECKOU MOIE/IH

MnoTHOCTb pacnpeaeneHuna cocToaHuii B pasosom
NPOCTPaHCTBE SMNUPUUYEcKoi moaenu ¢ warom 1 rog

* IMNUpUYeckaa moaesb
KayecTBeHHO BOCNpOn3BoamT
W |multiplier|=0.63 |multiplier|=0.93 ANHAMUKY CUCTEMDbI B 3aBUCUMOCTU
OT XapaKTepa ee yCTOMYNBOCTH

(Ro—r)/2= —0.02 (Ro=r)/2=0.0 (Ro—r)/2=10.02

* [leTepMUHMPOBAHHAA YaCTb MOAENN
MMeeT COCTOAHME PaBHOBECUSA TMNA
doKyc B okpectHocTH Touku (0, 0),

KOTOpOe TepaeT YCTOMUUBOCTD C
POCTOM HEYCTOMUYMUBOCTM CUCTEMDI

Te Te Te

OnvHa obyuyalowei Bbibopku gaHHbIX N = 1000 ner



CTpyKTypHasi yCTOMYHUBOCTh IMITUPUYECKON MOIeJIN

* C yB€MYEHNEM HEYCTOMYNBOCTHU
CUCTEMbI B SIMMNUPUYECKON MOAENN
yBe/IM4YnBaeTCcs BepOATHOCTb
6udypkaumm (Heiimapka-Cakepa),
CBA3aHHaA C noTepei yctoM4umBoCTH
cocToAHuA paBHoBecua B Touke (0,0)

* Pa3bpoc napameTpoB SMMNUPUYECKOM
MOAENN YMEHbLUAETCA C YBEIMYEHNEM
A/INHbI 0byyatoLen BbIBOPKM AaHHbIX

BudypKaumoHHaa guarpamma COCTOAHMA paBHOBeCUSA

(nnockocTu onpeaenutenb-cnemn MaTpuubl IMHeapU3aLum
MOZENM B COCTOSSHUM paBHOBeCUA)

5 (Ro—=r)f2= -0.02 5 (Ro—r)/2=0.0 5 (Ro—r)/2=0.02

N =100 net =
KKOPOTKUI pag»

N=1000 ner — 1

N = 10000 ner
«ANUHHBbIV pag» —— L1

Do 05 10 15 2.0 00 05 10 15 2.0 00 05 10 15 20
Sp Sp Sp



AHAJIU3 CTPYKTYPHOU YCTONYUBOCTH KOJIEOAHUSA
iab-HUHBO 0 peajibHBIM JAHHBIM HAOIIOACHUT



I 1aBHBIE MOABLI H3MEHYHMBOCTH KoJIeOaHuda Dab-HUHLO

90®P-paznoKeHne MecAYHbIX JAaHHbIX aHOMaNii TeNN0CoAEPKAHUA
BepxHero (0-300 m) cnosa Tponuyeckoro Tuxoro okeaHa (1960-2022)

X, = Vp- Pin T+ \7% P2n T TIn

\ J
I

[Be Begywmx 30

MpPOCTPaHCTBEHHbIV BEKTOP
aHOMANUI TeNA0COAEPKAHUA B
MOMEHT BPEMEHM N

BeKkTop ocTtaTKOB

MpocTpaHcTBeHHbIe pacnpeaeneHus asyx segywmx mog (309)

EOF 1, 55.8%
10°N .

v — 10°N
10°S 10°S
120°E 150°E 180° 150°W 120°W 90°W
e — e ——
-0.8 0.8 p
] EOF 2, 17.8% ) 2
10°N — ! ! - 10°N
0° po_ oSl - 0
v, ‘
lgl%UaE 150°E 180° 150°W 120°W 90°W 10°5
- B
—0.8 0.8

[naBHble MOAbI ONMCLIBAOT PYyHAAMEHTANbHYIO
COCTaBMAOLLYIO AMHAMUKM DNb-HNHBO: HAKONeHue
Tenna B 9KBAaTOpuasibHOM YacT TUXOro oKeaHa Kak

peaKkuus oKkeaHa Ha 30HaJibHble BETPbI C ero
nocaeayloLei «paspagKkon» Bcnepcreme

NONOXKUTEeNbHOM 0bpaTHOM cBA3K BbepKHeca

®a3oBblii NOpTpeT B
NpPoOCTPaHCTBE
BPeMeHHbIX pagoB
rnaBHbix 0P

CobbiTuA
Na

HuHbA CobbiTuA

Anb-HuHbO

Seleznev, A., Mukhin, D. Improving statistical prediction and revealing nonlinearity of ENSO using observations of ocean heat content in the tropical Pacific. Clim Dyn (2022).

Seleznev, Aleksei F., Gavrilov, Andrey S., Mukhin, Dmitry N., Gritsun, Andrey S. and Volodin, Evgenii M.. "ENSO phase locking, asymmetry and predictability in the INMCM Earth system model" Russian Journal of

Numerical Analysis and Mathematical Modelling, vol. 39, no. 1, 2024, pp. 35-46.



Relative units

1
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0.08 1

0.06 1

0.04 1

0.02 1

0.00 -

/Ilnnamuka cucrembl Ha cekymen Ilyankape

Ce30HHbIe UUK/bI IMaBHbIX MOJ,

10 -

-10

EOF 1 seasonal variation

month

012

0.10 4

0.08 4

0.06 1

0.04 4

0.02 1

0.00 -

EOF 2 seasonal variation

BpemeHHble paabl Ha cekyuweit MyaHkape

= EOF 1 cycle amplitude
| = EOF 2 cycle amplitude

|

1960 1970

1380

lﬂéﬂ
time (years)

2000 2010 2020

B ceueHnun lNyaHKape npocnexkmeaetcAa
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JAnHAMHUKA U CTPYKTYPHAsl YCTOMYMBOCTh SMIIMPUYECCKON MOIEIH

BudypKauMoHHAA AgMarpamma COCTOAHUMN

MAOTHOCTb pacnpeAeneHusa COCTOAHMIA B PaBHOBECHA
$asoBom NPoCTpaHCTBE SMNUPUECKO (nnockocTb onpeaenuTenb-cnep MaTpuLbl
* dMnunpuyeckaa moaesb moaenu c warom 1 roa NMHeapu3aLumM MOAENM B COCTOAHMM paBHOBeCKS)
KayeCTBEHHO BOCNPOmM3BoaAUT 10.0 2.0
AVHAMUKY CUCTEMDbI
1.5 15 - <
' Heyctonuyusble
* [leTepMMHMPOBaAHHAA YacTb 5.0
1.0

MOAENN MMEET COCTOAHME
paBHOBECUA TUMNA YCTOMUYUBbDINA

Yctonyusble

OHC(next year)
=2
[

$POKYC B OKPECTHOCTU TOUKM —  05-
(0,0) —2.5
0.0 1
- —5.0
* Kputnueckuu nepexopa B
cucTeme, CBA3aHHbIN C 75 —0.5 1
nortepeu yCToMunBoCTU 100
T -1.0 . . ;
COCTOAAHUA paBHOBeCHS, —10 -5 0 5 10 _3 1 0 1 2

MasioBepOATEH SST(current year)



OcHOBHBIE BBIBO/IbI:

1. CTpyKTypHas yCTOMUYUBOCTb C/I0XKHDbIX CUCTEM MOXKET UCCNeA0BaTbCA HAa OCHOBE
COOTBETCTBYIOLLUX HU3KOPA3MepPHbIX SMNUPUUYECKUX MOoAeNei, MOCTPOEHHDIX C yY4eTOM
dusnyecknx npeacrasneHunit 06 yctoncree sTuX cMctem

2. CTPYKTYPHYIO YCTOMUUBOCTb CUCTEMbI ECTECTBEHHO NOHMMATb B BEPOATHOCTHOM CMbiC/e
yepes anocTepuopHoe pacnpepeneHme napameTpos SMNUPUUECKO moaenm

3. Ba)XHOU M nepcneKTUBHOM 3a4auen ABNAETCA nccneaoBaHue CTPYKTYPHOM YCTOMUYMBOCTH
(tipping points) dab-HMHBLO U ApyrMx moa KAMMaATa KaK No peanbHbiM AaHHbIM HabnoaeHUn,
TaK U N0 BbIXOAHDbIM AaHHbIM M06anbHbIX moaeneit 3eMHOM cMCTEMbI B 3aBUCMOCTHU OT
BHELWHUX BO34EeNCTBUIA U NAapaMeTpU3aLmii NoACETOUYHbIX NPOLLeccos

Cnacu6o!



Data and preprocessing

*Cheng L, Trenberth KE, Fasullo J, Boyer T, Abraham J, Zhu J (2017) Improved estimates of ocean heat content from 1960 to 2015.
Science Adv 3(3). https://doi.org/10.1126/s ciadv.1 60154 5. https://advances.sciencemag.org/content/3/3/e1601545

Ocean heat content data:

* The monthly OHC data are provided by the Institute of
Atmospheric Physics Chinese Academy of Sciences

* Spatial resolution is 1°Xx 1° (3220 grid point in the h1

considered equatirial Pacific region) H = Cp p(z)T(z)dz (J.m—2)_

h2
*  0-300 meters depth layer

Region 10S-10N, 120E-80W (equatirial Pacific region)
Time interval January 1960 - December 2020 (N=732 month)

The anomalies are obtained by subtracting the monthly climatology within the 1960-2014 interval.

*  The long-term forcing is subtracted from the obtained OHC anomalies data in different ways. For the reanalysis data, we
suppose the forcing to be associated with the long-term warming (caused, presumably, by increasing concentrations of
atmospheric greenhouse gases) and remove it by subtracting linear regression on the CO2 trend in each grid point.

For the model data, an ensemble of simulations generated from different initial conditions (but similar external forcings) is
available. We apply an objective filtering method based on data decomposition into a subset of modes that are characterized by

high signal-to-noise ratio (S/NP modes)*. The estimated forced signal consists of the ensemble-mean time series, corresponding

leading S/NP modes, and is subtracted from each sample of the raw data.



OcCHOBHbIE pe3yJIbTaThl

1. MpepnoxeH noaxoa K aHaNU3y CTPYKTYPHOM YCTOMUMBOUTU C/IOXKHDIX (BbICOKOPOPa3MepPHbIX,
NPOCTPAHCTBEHHO pacnpeaenieHHbIX) cuctem

2. B pamKax nogxoaa CTPYKTypHas YCTOYMBOCTb CUCTEMbI MOHUMAETCA B BEPOATHOCTHOM
CMbIC/Ie Yepes anocTepMopHOE pacnpegesieHne NapameTpoB COOTBETCBYIOLLEM
3MMNUPUYECKOIN CTOXaCTUUECKON MOAEeNu

3. 3¢PeKTUBHOCTb NOAX0AA NPOAEMOHCTPUPOBAHA HA NPUMEpPE aHAIN3a CTPYKTYPHOM
yCcTOMUMBOCTU KoNnebaHua Inb-HMHBLO NO AaHHbIM KOHLUENTYaZIbHO moaenm

4. AHanu3 CTPYKTYPHOM yCTOMUNBOCTU KoNnebaHua Inb-HMHLbO No peanbHbIM AaHHbIM
HabNloAEeHUI YKa3biBaeT Ha MaNylo BEPOATHOCTb KPUTUUECKOro nepexoga B cucteme

5. Ba)XHOM M NepcneKTUBHOMN 3a4a4ei ABAAETCA UcciesoBaHUe CTPYKTYPHOM YCTOMUNBOCTH
(tipping points) 9nb-HUHLO U Apyrux moa KAMMaTa NO BbIXOAHbIM AAHHbIM N106aNbHbIX
mopgeneit 3eMHOMU cucTeMbl B 3aBUCMOCTU OT BHELLHUX BO34EMNCTBUMIA U NapameTpusalui

NOACETOUYHbIX NPOLECCOB

Cnacu6o!



The RO mechanism for ENSO phase transitions

——  Wind Sverdrup B wam _ Climatological
anomalies transport B Cod , Actual
anomalies thermocline
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Phase portret
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FIG. 1 Fractional coverage of the mapping method used in this stub. (A) Averaged fraction (0 to 700 m) of

the global ocean considered sampled for temperature data in each month for this study. (B) Same as (A)
but for 700 to 2000 m. The mean fractional coverage of observations is shown in blue if the global ocean is
divided into 1°-by-1° grids, and fractional coverage for NCEI yearly and the 5-year method is shown in green
and orange, respectively. This figure starts from 1940. (C) Fractional coverage of the global ocean for layers
within 0 to 700 m. (D) Same as (C) but for 700 to 2000 m.
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