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Abstract This study reviews the seasonality and temporal-spatial scale dependence of the air-sea
relationship based on recent analyses of the relationship between surface turbulent heat flux and
sea surface temperature. The contents include the representation, regional change, seasonal change
and temporal and spatial scale variation of surface turbulent heat flux-sea surface temperature
relationship as well as relative contributions of surface wind speed and sea-air humidity difference
to changes in surface latent heat flux-sea surface temperature relationship. The surface turbulent
heat flux-sea surface temperature relationship displays notable differences between the
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mid-latitude oceanic frontal zones and subtropical gyre regions. In the mid-Ilatitude oceanic frontal
zones, the oceanic process has a main contribution to sea surface temperature variations,
indicative of an oceanic forcing, which is stronger in winter than in summer. In the subtropical
gyre regions, surface turbulent heat flux plays a major role in sea surface temperature variations,
indicative of an atmospheric forcing, which is more obvious in summer than in winter. In the
western Arabian Sea, the oceanic process has an obvious influence on sea surface temperature
variations in summer, indicative of an oceanic forcing, whereas the surface turbulent heat flux has
a major influence in winter, indicative of an atmospheric forcing. In the Bay of Bengal, the South
China Sea and the Philippine Sea, the atmospheric forcing is prominent in both winter and summer.
In the mid-latitude ocean frontal zones during winter and the western Arabian Sea during summer,
the oceanic forcing increases with the time scale, whereas in the other regions and seasons, there
exists a transition from the atmospheric forcing in shorter time scales to the oceanic forcing in
longer time scales with the transition time scale of about 20-40 days. In the mid-latitude oceanic
frontal zones, the oceanic forcing decreases with the increase of the spatial scale and switches to
the atmospheric forcing with the transition spatial scale shorter in summer than in winter. The
atmospheric forcing usually enhances with the increase of the spatial scale.

Keywords Surface turbulent heat flux; sea surface temperature; ocean-atmosphere relationship;
seasonality; temporal-spatial scale dependence

1. 5|8

FMAR LA BFERERRAMBEEA. BFNASZENBEEERT RS,
HFE, BFEMARZEMBKRABXEMEDMmENL (RERF 2008, FEF 2011, REE
% 2012, 2THE% 2021) , HPRERARBESSFNRAZEREMKRZHRNTET
R, BT UXBKFESEREA. —77E, BERATAT RS RERFBER N
HEFKRSIFORMIR, WECRFFRHMEEHRX (XK 1986, #@&XKFF McBean
1995; Nonaka and Xie 2003; Kobashi et al. 2008; fR2Z %S 2010, 2012; Xuetal. 2011; &
8% 2014, $RefEF 2018, XHESE 2020; Shan et al. 2020), B—AHE, ASREET
BERERAPBEREAEERE (&KFEFM McBeen 1991; &XKkF%E 1997, AREE
2006; Vecchietal. 2004; Z=18% 2011; Shan et al. 2020; PEZF1%F 2022) , Flt, @IiTIZHT
MEFAREARREMEREREZMZENAR B TIAREFNASZEEEER
B9 77 A F S R SR IE AIHEXT KN

BE-RXRHEEEANSBEEREEEEY W, B HLEATENARSSBAGER
BENER XA LERNEEEAREHTEIXENAE SERAEN MK TR
53MNEFEEZSR (Sperber and Palmer 1996; Kumar and Hoerling 1998; Wang et al. 2005;
Wu et al. 2006; Wu and Kirtman 2007; Wu and You 2018), R *<EZHNEEMHHEINERT
RELRERREFERNEFNRIGER, HENERBEAWESB R NRING
£ (Manabe and Stouffer 1996; Barsugli and Battisti 1998; Kitoh and Arakawa 1999; Lau and
Nath 2000, 2003; Wu and Kirtman 2004, 2005; Wang et al. 2005; Wu et al. 2006; Wu and
Kirtman 2007; Fu et al. 2013), AL, ZHMITESLTUNXRRRAZRMERNIEB SR
TREFTEE,

MABTEREHRABEMNERIMEETURRNSHEMME R, XX R X
Tk, Flanh S ERFEXHEREREXRE HARBENEREEEZ M XRPEARE

(Bishop et al. 2017; Small et al. 2019; Sun and Wu 2021) . XFfhX R tfEZ=T T4, Ha0

P ASABEENEZTRERAABENEREEELTUXEZEEZARE (Sun and Wu



2021) . FERAABENSRERETUXRLHAEREZK (1§'Jilll Bishop et al. 2017,
Sun and Wu 2021), HA&EF=ERE (HlZ0 Hausmann et al. 2017; Small et al. 2019; Sun
and Wu 2022a) ,

EFNXTERLUXRZNHARFS, AXBAELM (Wu et al. 2006, Wu and Kinter
2010; Bishop etal. 2017; Small et al. 2019), tbEXHAHBHERIAY (Duvel and Viallard 2007,
Ye and Wu 2015; Wu et al. 2015; Wu and Chen 2015; Wu 2016; Jing et al. 2020), £F %
HmafBEEREEETURRNHEBRENKRE M, FERSIEFPERFERBR
EZ M (Hasselman 1976; Frankignoul and Hasselman 1977; Wallace et al. 1990; Frankignoul
et al. 1998; Donohue et al. 2016; Jounanno et al. 2016; Small et al. 2019), F/FHHZRIEE
i R RES KRN EL, THEXBRENZL.

Z'-(YIEImﬁ%@/ﬂﬁum?ﬂl_%%u/ﬁﬁﬁ/m?_ﬁ_ﬂﬁZIETJ RBER, EFﬁWﬁ@?ﬁ_/\ﬁﬁ 1)
MERAEENZENRR, 2) ENZENXRAOGAEZT. HEANZERESEL, 3) 0
FEBENBXATUNE . AXEERHNT: Bk, NAREmAPVRENERE
mETMXREMNZHTIE FRA—MESRIEE R R0 Eﬁ e AR EmARBEE
MERMEETURENXE M. EHEL. HERE (FESH#HR) KEMN=ERE (=
B)HR) KM, 2E, MTRRTEREEENFTEERBENERAEETUXREDN
Wk, &aE, WMRERNETIREXHITHIMITR.

2. REmRABRENSREEEXRENRIIE

RIEBSFREEEEZHARE, BROEENTUZIEFIENMRANBENHER
m, XEHNBEEHHRAEHBENZHBE. KEEEERFNKERS . XBEFEXTR

HmniEE (ABRBEEMENES) NER, SFLEBARBRERELRHNBEEE K (Park
et al. 2005; Andreas et al. 2013) ., KEMBENIER A NS B EREEEENASSMEL
RiEE X, MEFIERNEASIESESENS FRicEsRERX. Blt, RERAH
BEESREEETUNXRZEIZIEFNEN, —7HH, REGAZBREMNERARE
TURRER[MEEPIMNTURNE R, REFOLSREEKR, KA HRANBERH
BEE, NERETHUZIARSENEIEX ., BFPIRIGEHME, HFIREREEE,
WEFRHREZUHNTMBEBE AR, 7—AH, KEmARBENEREEETUXRDETF
ERBENEEFREEENEEGX. FOSFRERESEMR, BEEREREAERAM

B, MEFREENRAEZMREMBENERARETUTMAKRN. EEFREER
EXIE, FZEMBEXNEREREZMHTIKENRK.

ZF, EATHEFIRASETRRZEZE, KAIBESIENREHBETHIEER
A, WERAEENTHEEEERA, ExEAABENESREEEZTUHNRREIN AKX
S5RBIER (Duvel and Viallard 2007) » B2, EHRHEILRFFRIHX . HTILENEF
MALAFFEHX, BEREERR, RANBEREICIEEREEETL, Afikmih
BEMERMEETMUNXRBET ASEEBIER (Duvel and Viallard 2007; Wu and Kinter
2010; Ye and Wu 2015; Wu et al. 2015) , ZFI#AHEHX, BTEREEEHSE/), &S
ERER), BREEETMMTEZREHNBEMFM (Bishop et al. 2017; Small et al. 2019;
Sun and Wu 2021, 2022a) . MERSEFFEX, MBHNTRLEHRX, BREEESE
R, FESFrRIEzmEZ, BFIRNERERETMBEEZRFE(Chelton et al. 2004;
Small et al. 2008; Bryan et al. 2010; Chelton and Xie 2010; Sugomoto and Hanawa 2011;
Bishop et al. 2017; Small et al. 2019), BT /&/FRIEMTER (Robert et al. 2017; Bishop et al.
2017; Small et al. 2019; Sun and Wu 2021, 2022a) .

BHESXRTUDAFHERNER., —FHE2EFRERS, A—MERREEFE,



BREKFESXRAGFEERME, BELHBEKIREHABENERMEERLZEABE]-
MEMEX, SHERBKSFREABRENERERE/GRERE T Mz 8 A E R HE 5T IX
B AT B IR R AER A IR —F5F  (Frankignoul and Hasselmann 1977; Frankignoul
1985; Wallace et al. 1990; Cayan 1992; Barsugli and Battisti 1998; Frankignoul et al. 1998; von
Storch 2000; Wu and Kirtman 2005, 2007; Wu et al. 2006, 2007, 2015; Duvel and Vialllard
2007; Ye and Wu 2015; Bishop et al. 2017; Wu and You 2018; Wu 2019; Small et al. 2019; Wu
and Kinter 2010) . IFREmRABE (SHF) MBREEE (SST) Afl, EEFRERS
BT, SSTHESSEE LAY SHF BN, MEXSREEFERLT, KEESEMNE L
SHF $8IN 51 SST B&{K. ZEBRT-BEMEXT, BFRBERRTI A SHF-SST MFRIEME X
#0 SHF-SST b fiim RXSFRIEXK, TASRBEIERFKIA SHF-SST RIFFRIBF] SHF-SST
T MENFRAEX. EREXFR, BFRBIERLRIAA SHF-SST HIEHEX, AR
BERFZI A SHF-SST T L Mim Ay k.

ERBYERERIFR T XMEMAEXDTEZEEIXEFHNIEA (Barsugli and
Battisti 1998: Wu et al. 2006; Bishop et al. 2017; Sun and Wu 2021) , ZEREMIART O] 1@
IR EABSHCRRININ K RIE A F S PUSFRE A F SER T SHF 1 SST AUEE,
EXFHABIER T SHF # SST X RMANEFFAE R RIS IZHENNAER K FR T UEFKX
R FREMNENERM. ArAMNMEYIEIRYE Bishop et al. (2017) #0°F:

dT,/dt = a(T, — T,) — y,T, + N,, (1)
dT,/dt = B(T, —T,) — v,T, + N,, ()

Hp, Ta M To DR AREUVENRESE, S8 a M § D3 ARSI FHATREL,
va Al yo BUK Ta 0 To MUEREIRREAEL Na 1 No DBIRFAKSAEEMRENRE. 1R
#& Bishop et al. (2017), FEA15RIE ASREME o FA—NMENE/NT 1T HBBTIEKREKR .
REIBIEINE 0.1 A 2 x10° s, YR FH a. 0 7o FIEIRYE Bishop etal. (2017),
A a=239x107st, f=1.195x%107st Fy,=95x10°s? y, AY{EFRTE Barsugli and
Battistis (1998), BUA: ya=2.8 <107 st B{IEZBFRIBARMEIER, B 1 41 TH wo
=2 x107s'Fl wo =8 x10° s {45 2| Ay SHF 1 SST. SHF F1 SST Tk = AYB RT-7m /548
¥, SST T EIRIBE—RMERT —K SST HIZE/KIN 2 kit ., 7EitEHEXEREFX
B 8] 5347 T AEREE A8, MRTEAXRFEERN B RENTN. 7 0o BEE/NT (w0
=2x107st), EFREYRER/N, RIAKSREBATIER. & 0o BERAR (0o=8x10°
s1), EEEABRERAK, REBRUSFREATIEIN,



(a) SHF-SST ©,=8x10° 5™ SHF-SSTten (b)
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Figure 1 Time-scale dependence of the lead-lag (a, c) SHF-SST and (b, d) SHF-SST tendency (SSTten) correlation derived from a
stochastic model simulation. The x-axis denotes the lead (left) and lag (right) time (day) of SST/SST tendency. The y-axis denotes the
time scale (day). The atmospheric forcing frequency w, = 2 %10 s, and the oceanic forcing frequency w, = 8 <10 s (a, b) or w, = 2

%107 s (c, d).

ME 1T, B#ERT, SHF-SST/SST R{UMEMEXBEARR., EFFREAES
150, SHF-SST 485 R Eoh IE FF R BRI AN /B el B anmE 4>, T SHF-SST L ffifm 8%
AHE2EMNTIFMEFIFEBERN (B la, 1b), ERTRIBEAESENR, SHF-SSTHXERE
SRR RXSFRIFAE, T SHF-SST Tk {ii= E A 248 X AR A FF B4 X R EBEE 5 F1ik fE A
B ANTE (B 1c, 1d). BN, SHF-SST EARXHEER B REKMMmEA (B 1a), i
%&#ﬁL%H@RFﬁMWﬁ%OwF$T*%ﬁmﬁﬁ%%%w@RWﬁMEmm(

1d), 15 RAK S 5818 fE A ) R 1 N s 55

3. REmARABRENSTRAEEXRZNRETH
—EMRIEL TESXREABXBZEMNZESR (Wu et al. 2006, 2007; Duvel and
Viallard 2007; Wu and Kinter 2010; Z1&%F 2011; Wu et al. 2015; Ye and Wu 2015; Bishop et
al. 2017; Small et al. 2019; Z-F 5% 2021; Sun and Wu 2021), Duvel and Viallard (2007)3&
HZZFEM 20-90-REHAREZRMAHR, ERFHEFHX, BRBERNERMEEEKL,
MmAEHRGAALFHX, BRBRENERmEETUNERRAGENEFHX A/, Wu and
Kinter (2010) 1R#& 8 BTN ZMIL AT FP SE AKX, ZEBEHBEMN
BROAEZCENAEXR, EFHBX, BREERNERERESL, MARITHX
BREORERNEREBETNH, TMEESRBRTEREEET L. IRERT FSEEFE
X MBI EIREXESXRBEARRE (Bishop et al. 2017; Small et al. 2019; Sun and Wu
2021), TEHREEEFERX, SHF-SST FAEKMIEAEX, RTEFREER. MERKRTR
WX, SHF-SST ki fatExAE, Rk AREEA, ERTHEF- AR FHXE
[EXRBBEXEESR (Sun and Wu 2021) . IRIEARERDT, EEREHAPBENER



ERENENEYEFMX LR EENENAEHX EX, EEMhAEXEFR1E
B, MIEERREBXPUKFREAE (Sun and Wu 2021),

B 2 451 T IRIEFE B B BRI ESEIAIE R ¥ X SHF-SST #1 SHF-SST 3%
RENERN T ZED %, EBHFEMRX, SHF-SST FRHATZEAKRNERE (B 2a), WA
ZH X RET KRN, KOER BT R LXK (Bishop et al. 2017; Small et al. 2019;
Sun and Wu 2021) , ZEJEARFEFRIEHIX, SHF-SST EE 77 =R/, M SHF-SST &4k
MEERABAZERK (B 2b), ARSI FNEME, LR FEIFHRGHXIER KM

(Bishop et al. 2017; Small et al. 2019; Sun and Wu 2021) ., Fix X REMNXEBEIEERER

EXHBENERAR, TRELEHEX, HTESREBESER, BHdENEREE
EXAFEETM, #MERmEERESEREHARBELL (Bishop et al. 2017; Small
etal. 2019) , M7ERIFRHHX, $ﬂﬁ$ﬁﬁﬁﬁ?/,Eiﬁ&ﬁﬁﬁﬁmﬁiwmim
R, BREAERENZTAUIEZIREHATBEMZM (Bishop et al. 2017, Small et al.
2019),

(a) SHF-SST SHF-SST tendency (b)
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B 2. 1R4E 1985-2018 AT A 4 B ERITE (a) SHF-SST F (b) SHF-SST ZALMEMBERHTE(C W m™), O FxE 3
AT EE-HEEXANTREEMXMIEREFRRTRER ARMMER. BEXKERTRYE Student -@BAXFEER
HILF OSwEEE. SHF FRIK BT OAFlux (objectively analyzed air-sea sensible and latent heat fluxes) (Yu and Weller 2007)%0
SST AR ET NOAA OISST v2.0 (National Oceanic and Atmospheric Administration Optimum Interpolation Sea Surface
Temperature v2.0) (Reynolds et al. 2007),

Figure 2 Simultaneous covariance (°C W m™) of (a) SHF-SST and (b) SHF-SST tendency based on all month daily data during
1985-2018. The symbol “<* denotes the two grid points located within the Kuroshio extension and the North Pacific subtropical gyre in
calculating the lead-lag correlation in Figure 3. The white regions denote correlation coefficient below the 95% confidence level
according to the Student t-test. The SHF data are from objectively analyzed air-sea sensible and latent heat fluxes (OAFIux) (Yu and
Weller 2007) and the SST data are from National Oceanic and Atmospheric Administration Optimum Interpolation Sea Surface

Temperature v2.0 (NOAA OISST v2.0) (Reynolds et al. 2007).

FEREEN - PO R EMX, SHF-SST Bt/ Z=80)N, T SHF-SST ZE kil e 75 2=
BX, THEFPEEMIFEEREMX (Sun and Wu 2021), HRATEXLEX, UASE
BERAAE. XERTLZEROENER. FERSHMXBATRHRILZREFNEIT
RAERES AR HAPBEEMEKR (Wu and Chen 2005; Wu 2006), MTREwR
HBEABRImEETMhEEERER.

4. REHRABENMERMBERRNZTEL
—EMRBIHBSXRZNZTTHEL, HEBSXANETUHEARMXGFEEZER

(Kushnir and Held 1996; Frankignoul et al. 1998; Duvel and Villard 2007; Wu et al. 2007,

%@ BE%F 2008; Wu and Kinter 2010; R Z %% 2012; Putrasahan et al. 2013; Wu et al. 2015;



Bishop et al. 2017; Jing et al. 2020; Sun and Wu 2021). Duvel and Viallard (2007) & I %2
FIRLEE . EIACEIEREPESHTX, BMEENERMEESTRTLNF LS
BEZFE KR, Wu and Kinter (2010)ZIIE R FHSEABMBK, BHRBENFRERER
EHENELZRE, MEFKRE. Wu et al. 015)M0 it i RIE KX ETHH
SHF-SST M EIRUEFLLEFTER, ARIEEAEFSEEFEX (NRPTREHX),
SHF-SST Z{LEIh T E L ZLLEZE A (Bishop et al. 2017; Sun and Wu 2021), % B7EX
LEIh X 3 5% 3R B K = F 08 , 78 Bl PV RTEX , SHF-SST T fth 7T Z B ZEE&LZE K (Sun
and Wu 2021) , it XX K SRBEAEZE ARE. .

3 A/ T REGAPBENERMEEXRSDE AN =FHEER, 7ERFBEM
X, SHF-SST EMHXLZZREATES, M SHF-SST UM AEXESTATEE (B
3a-b), XUARBEEX, BFNARENEMELFRTES, XMUBERHMETRERHEX
MEAEEINEEHERX (Bishop et al. 2017; Sun and Wu 2021) . X—@¥FMASMNE
TEUE LR MK FERERERELZZERATESTH X, At AL FRIRTRIEX, EE
SHF-SST b mmnEXHERATFEE (B 3c-d), PASTEINEMESFR, %
ERE AR FRIFE RIEX (Bishop et al. 2017; Sun and Wu 2021) . X5 LA
KEFREEREEEZTRZARX (Wuetal 2015), ZERA{REAIMRMX, EZF SHF-SST
B EMAEA, T SHF-SST T HmMAAEIMRTFRIFE (B 3f), XERFEEFAEHN
#00 (Sun and Wu 2021), X5BEZHTEITEZXSEMNZMXEREEBESERAT
XK. %2 SHF-SST T{bififE z Bl AR fiE5%, M1 SHF-SST 4BX 2 RWFREHE (B 3e),
RARKEIEFENZM (Sun and Wu 2021) ,

Sun and Wu (2021) RIBBRRHTHSMTIEY, ERNFCE. BHREEMNEEREH
X, SHF-SST ZUMEMAEXAEELEFEKXR, HRXEMXKIWNEFNT MEFTER,
X—FHESIERFEFRIH XA EREMN. SRR XAENE, TRESETEEE
Z, X EIUKRSREBFEMERAE,
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Figure 3 Lead-lag correlation of SHF-SST (blue solid line) and SHF-SST tendency (green solid line) calculated based on daily data
during 1985-2018 at the grid point located within (a, b) the Kuroshio Extension, (c, d) the North Pacific subtropical gyre, and (e. f) the
western Arabian Sea for (a, c, e) winter months (November through March) and (b, d, f) summer months (May through September).
Dashed lines denote the error margins of the correlation coefficients. The x-axis denotes the lead (left) and lag (right) time (day) of
SST/SST tendency. The SHF data are from OAFIux (Yu and Weller 2007) and the SST data are from NOAA OISST v2.0 (Reynolds et al.

2007).

5. FREmnvBENSREEEX RN ERERSMHE

MREBTERORARBENESRERETMAXAZKBTRERE (Murakami and
Kawamura 2001, Wu et al. 2015; Ye and Wu 2015; Bishop et al. 2017; Small et al. 2019),
Bishop et al. (2017) #1 Small et al. (2019) f5HEFT I EREEE T LA ke E R
FBKMmIBK. Small et al. (2019) tbE T R#E 30-RFHH 1- REHFRHTE MR ERR
HBREMNESREmEETHNEX, ZIAEIEXRFFNAIEREFEDX 30- R FHREN KA
HEFRIBEA,

Sun and Wu (2021)R#E B DR ZRDM T AR GFE— B -RARENERE., EET
HTHERERN, KRRERAIEE, MAEATEESNERERN, BFRETEEE. X—
#EMEREBXENAR, HEETmEL. EERMEBPLEHRXES, HEREREH
H 20 R, MEFEEEMXESE, BRENBREAN 40 X, ERSEEFEX, L0
HERIE—H T 90-ARE, EZ 20 KU TFMN EA R A RSREMEFRENE,
XZ, EHENAE. R EBMNEEREHX, 0-RIUTHRHEREASREHAEE, EH
EEHX, KEREFEHINA 40 RUTHERE., BEZE, TR AEDX, &FREE
HE] 90 RRE, ZFIFERBEMX, 40 R TN ERBRESHIUASTEFRENE,
—imE, ERTHEF-AATFNX, ARENEBRE, MXRRBENE, MAERKE
BRE, BFfRBEH/EE,

AB/HTREZHEMXFEG T EEHX SHF-SST/SST Z L2 51 -7 /518 < FE AT



BREZNK. ERBEMX, SHF-SST MIFHEXMREREMmMEX (B 4a), M SHF-SST
AL G 435 R ITFRIFAE(E 4b), XTHRRBEMRX, BN A SHF kAT B R EEK
19858 KSR EINAEREMX (Sun and Wu 2021), EEHEEHKX, MAERER
£, SHF-SST MBI M RISFRE E B IEAE <3G IN4R#: (& 4c), SHF-SST Z{bififm4Ex ExT
FREFAE, RIRS B FHEARSRERY Bl REIGK Mg K, EREREBIEL 20-RINE, A%
AT B REE KR (E 4d). LRESERAA, R EEHX A ASRE AR E R
FE SR T E RE AT (8] R 8545 2 . KNSR B M AEFRAERXELSMEME. EHE
BAEEREHXAEZ (Sunand Wu 2021) .

A& EXEFRBMEMNERENGESXASESMEMERERENREEX. BT
BT BB T SMASRE L, FHERSIEENFREHRARBENEWED . B,
A ENERIRETCHERT R AR X X SIRIBMA B REHIGE 'ﬁ%ﬁ;‘#‘aiﬁi
PBETRANTME R, AwHEFMAAT X, i—LRF%aﬁnk—uéwM&mE%
SER . BTZRARERHIMARSEHRRHTHEM, TE mafvBEnN T HREEEREN
BREZA, EmMMERMEEZUNTWAEK.
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et al. 2007),
Figure 4 Time-scale dependence of the lead-lag correlation of (a, c) SHF-SST and (b, d) SHF-SST tendency calculated daily data during
1985-2018 for the grid point within (a, b) the Kuroshio Extension and (c, d) the central South China Sea for winter months (November
through March). The x-axis denotes the lead (left) and lag (right) time (day) of SST/SST tendency. The y-axis denotes the time scale in
days. The SHF data are from OAFlux (Yu and Weller 2007) and the SST data are from NOAA OISST v2.0 (Reynolds et al. 2007).

6. REmmAVBEENEREEEXRNSERERBME

T RERDE I L ASIEYMEREEERL, XMEERIENEATES N
RAREHZE, —HHEH, XREATERSESFHENEZM (Kirtman et al. 2012) , 5%
BT R PERAIEINEERER KRR (Putrasahan et al. 2017; Small et al.
2019; Bellucci et al. 2021), A—AHE, XWHATRE HARBENEREEET L E
HXAEEBT=RRE,



B 5 LERIE R F I XARYE 1 BN 4 F (810 RS E# SHF-SST F1 SHF-SST & {L{i
N EREXDT. EEREMX, SHF-SST 7 1 ENPRE IS IEMEX (B 5a), mi
4 BENHERFRIEHEXRN (B 5b), XiGHE e FELUAESTEIHLRER. T
SHF-SST L@ M XA 4 BEHHWERILE 1 ENPERMNEKR (E 5c-d), XifBEASRIE
BAERIFFENEKX,
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5. 4R%8 1985-2018 E£F7H B B ARRTER (@, b) SHF-SST 1 (c, d) SHF-SST T AR MERIER. (a, c) HIRIEZEHH
K 1ERRL (b OAREZEDHFE 4 EHRE. O RTUTERTHXMIERFEFRATRRR AW MER . BEKERT
REE Student - 1IWARXREURF AT 95 B(EEE . SHF ZHRIR BT OAFlux (Yu and Weller 2007)F SST ##I3E B F NOAA OISST
v2.0 (Reynolds et al. 2007),

Figure 5 Simultaneous (a, b) SHF-SST and (c, d) SHF-SST tendency correlation calculated based on daily data of all the months during
1985-2018 in the North Atlantic at (a, ¢) 1<and (b, d) 4spatial scale. The symbol “<&” denotes the locations within and outside of the
Gulf Stream extension. The white regions denote correlation coefficient below the 95% confidence level according to the Student t-test.

The SHF data are from OAFIux (Yu and Weller 2007) and the SST data are from NOAA OISST v2.0 (Reynolds et al. 2007).

Bishop et al. (2017) By #rfs g ¥ B3 EREEE TR M kE = (8] RE B K TR
4. Small et al. (2019) BIEFEEEARIDITRA S EINTEERE, £KEFREBIH
X $RBEAE, MEFAZBRE, NAKSREE., ARIFGHX, KSRELIE
FrEZERE (Bishop et al. 2017), FEXS2REMZEREEAMZIE (Sun and Wu
2022a) . EFHREXE S, BiFRER=EREE KBS (Sunand Wu 2022a) . Sun
and Wu (2022a) B ik S X RN R R RERABIMHBRZ D mEL.

6 25 B HRX SHF-SST/SST LB R - EHEXE = BRENTH. Tit’
ZFXREEZ, SHF-SST MIERXE=EREB KM (B 6a, 6¢c), XijiAEFRBIE
AREZz B REB KR5S, SHF-SST ke M E R ARk B REB A (& 6b,
6d), XFRIFARBIEABS EREGAMIGE. KUERLEHRETREMRX (Small et al.
2019; Sun and Wu 2022a) . Sun and Wu(2022a) 434 ¥ #vis ENE ¥ - P A ¥ X R AR
HBREBNEREEEXABSARELL, ERFEHASEEERESEREE AT,

FREBEEXABZEREEHNERNER . —BFERMEESENT N, ZEFE
SHRVERMEESE, NS EFRSIENEREEETANTR, AARIES
BREEETNRERBR B REEAMENM. RN RERRZEEBERT 58585
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et al. 2007),

Figure 6 Space-scale dependence of lead-lag (a, ¢) SHF-SST and (b, d) SHF-SST tendency (SSTten) correlation calculated using daily
data during 1985-2018 at the grid point within the Kuroshio Extension for (a, b) winter months (NDJFM) and (c, d) summer months
(MJJAS). The x-axis represents the lead (left) and lag time (day) of SST/SST tendency (right). The y-axis represents the spatial scale in
degrees. The SHF data are from OAFlux (Yu and Weller 2007) and the SST data are from NOAA OISST v2.0 (Reynolds et al. 2007).

Bishop et al. (2017) #@iLEbE SHF-SST F1 SHF-SST Mk Him MIHEX R I AN, EX T —
MNEFRBEAREERNZBRE, XI—#RTREBX AR, £HE5ESF
#X, RIE OAflux REHBEREL, Bishop et al. (2017) {HitBIMNHEHRTERERANR
1-3°, 4R#E J-OFuro REHBEARR, Small et al. (2019)BEIMERTBREN 4-7°, Lt
Bishop et al. (2017)1R#E OAflux REHFBEFINEXR, X—EZRAZTEREMZEHFE
(Small et al. 2019) ., Sun and Wu (2022a)3ZZ=ME ZHFIGiT T =G RE, ZWF
GEBFIEXERTHRELZLLESFTEKXR, RIE OAflux REHBEA TR, BT ER
BEXZH26-45°, EZ408-13°, MiRIE J-OFuro REMBEBAR, HRTGRELS
%355?,5?%152? R FRDEHETRENE T Z B REN TR PR
IR A, X5 Small et al. (2019171 B AR E B ML RE AR,

7. RERENEGSITEEHEX TR

RKEmnABELTUEENEREX, L5E8EE (BF) ZFAX. NEZTUTEHRK
[SEBRAE, MEBEREE (BF) ZXEMEREEEMEML (Smalletal. 2019), F*F
Emm P REMN AT U BASNEZCEXNESEREE (BE) ZTUFXRED
(Tanimoto et al. 2003; Wu et al. 2007; Sugimoto and Hanawa 2011, Wu and You 2018;
Small et al. 2019; Wu and Sun 2022b), &b, TS ERE G AFBEE-BRMEETL
ZEPXRTERHTRERBPATTR, E2HTEEE (BF) ZHo095mk, M T
BERMHANBE-SRMEEXZNZ MBI EIMNER. BTEFLBERBEIEEHR



WEEAKA (Park et al. 2005; Andreas et al. 2013), M @EE X TEMBE TP REFE
SBEERTER.

Small et al. (2019) 1R#EA DFRFROF T NEMLEXNREBFHNBENSREEE
FEMTR, ISHEERTHRINEABIMX, RENERAES, MESSEBX, =5
EEXRAIEA A E. Sun and Wu (2022b) R1EH D #ERZRFMAD T 7 NEFESVEEER
MRUXEZEH TN, ERRAFVEEZNTRETRSEEFEX AR GEEE-TAF
X EE, MAENTEAERIATHAGHXEE, PSR EEXEFRENSTTHTL
Ez?&wﬂﬁ%AmM§ T, B RIEX ASRBMEDRMRE TRRTNZE

Th, ERGEEF-AATFIX, EFERBEMNERABREXNTEEEEZMTMR,
ﬁﬂéﬁmLEMWﬁm&$ﬂEMim REMTERBUR TX I, ZARATHXLTREE
HEEZE, EMhAEMXES, NEFHTK TFEEREMXTREENES, &Y
EE. RIDSHXES, NEFIKEER.

Sun and Wu (2022b) 247 7 KR FE <8 FE Z XS SHF-SST F SHF-SST/SST 24k 4[5
%%ﬁﬁ@ﬁ?*%m Tk BRI ENEABN B REEAZATEREEETAET

BHREENEABNEBRENTHUFITEZERTNRTAEL, WA EEETSEE
40%55%@R?%§“ﬁ;ﬁ&%ﬁmﬁ*w CImEY YT, FJIRDE. R EEFERE
ERESHE 40 RAEANBREBASRIE R FRIBAIER.,

BEFRBREMEVEEZTAIETL, TRUAGPAINT=MER., F—FAEFRE
B, XMERT, WEKEBEEZETRAE, MAER mﬁﬁﬁmﬁﬁﬁﬁ ﬁ%ﬁﬁﬁ
BT N=2%, E2MARTREBR. XFERLT, MREERBRAE. E=MAEF
ﬁﬁmoﬁﬁhﬁT,ﬁwiﬁﬁﬁﬂ%MiﬁﬁFEmmﬁo

8. BLfitit
ASOBIT L AT SHF-SST #1 SHF-SST L@ fytEx, B TIEERE RESXR

FHEAWR. TELEROT:

a) WBEXRANRETA: EFSEESFEXDISEFEREASAE, HRHHREXUASR
SRIEMFAE, EREEHEF-AALFX, mREE-FERENASBBLLE NN
B-FhRENERE.

b) BEXEMNETTH: PHESFERNEFRELZZFLESTEKXR, BIHRTREXAKR
SRBERESEXZTENRE, MHEEMXESUSFREANE, MEZUARSAE
BAE, EHEATHEF-BAALFMX, KREBEAESLHEFEKX,

o) WBRXRMNMNBEREKEMY: EHSEFEX, £FFFEXMERNEREBKMmIEE,
BEZHARE MR B REGKERK GG, SR ERENE 20-40 X, EHAEE
FEh, EEEFREMAEREEKmMIEER, LRS00 FEA e R SR 5 55
i, HRRERENE 40X, AHEAGHNEE- AL X, £ESASREM
RERESRIERMERS, HERNERELZATES,

d) BREAENZTERERENE: PHEEFEXNBFELESBREBRMRE, 8
TRIEX A SEMES B REGAMEE, EPSE8FEXEFE— M HREFREE
RBREHRTZN=ERE, WEERELXFEXRTES, EHRGHEF-BAAFFHKX,
BT MR {AEESI, KEEEMTEREEAmLE,

RERFERAHRDBEENERAMEETURRPTNERS TEIRRBERTTH
MREEETEX. WILWT:
1) WERE-ZEIHRNERN



a) XA E A ERENMIEN

AREMEFPFEABNBRETA. BFNMASEUZ EHNXRERBRERETT4E
AE. EAXDHEIREBELT, SHNXRTRIERMEMEERENAR, SEMR
ERSTUXREERN, BEURSBANESTUXRERRE. A, AOMEFNASH
HEERRE L EHTEENEREDAH#T,
b) HR=E I HRNEEN

I EMNERKBT AN A2 PR (Kirtman et al. 2012; Putrasahan et al. 2017;
Small et al. 2019; Bellucci et al. 2021). RELBRENPRLE—ESH, BFF/NRER
HEMERA AL R, Eit, ZELLBRBEAEDHERRZHEINES KRN, EFER
B 2= (8] > R AY 2
2) XA

SERERXNEWARATHEXAENRR. EEASEEXHRTHR, FETSEER
FIMEREFE AT, U T BSEERMNESH. ATRE S HENESXEZNTM, ELRER
RNNMERNFECTIEEREAERANTENFEREGR, LHEEFER, Bishop et al.
(2019) FEE AT ENRINESEES, BAFTERELSFPNPRERKE. EHRIEAE
FEAMTESHER N WMEESBEMN RS EXNEMAIEIL (Roberts et al. 2016; Ma et
al. 2017), o+, AFEIRERNFTNFIERMEESE, KEMEBFSMERA/NER
EHRUER, 18 o e mE P A SRR FHE.
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