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Abstract

In this paper, multi-source reanalysis and numerical model data are used to analyze the variation
characteristics and influencing factors of marine heatwaves (MHWSs) in the South China Sea in
winter during the past 40 years (1983~2022). From the perspective of climate state, the frequency,
duration and intensity of MHWs in winter have a significant increase trend, and the northern part
of the South China Sea is the most seriously affected area by MHWs. According to EOF analysis,
winter MHWs in the South China Sea have shown a sudden increase trend since 2000. The occur-
rence of MHWs in winter is also closely related to the strengthening westward extension of the
west pacific subtropical high, and the abnormal circulation will increase the latent heat flux in the
north of the South China Sea and the short-wave radiation flux in the south China Sea, promoting
the occurrence of MHWs. In addition, according to the diagnostic analysis of the upper ocean tem-
perature equation, the multi-scale marine and atmospheric physical processes have significant ef-
fects on winter MHWs, and the influence of the ocean internal dynamic processes on SST changes
during the event is comparable to that of atmospheric thermal forcing. This is significantly differ-
ent from MHWs in the summer. In addition, individual case analyses from December 2018 to Jan-
uary 2019 also indicate that mesoscale and submesoscale processes in the ocean have significant
regulatory effects on MHWs.
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Table 1. Definition and calculation method of MHWSs index
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Figure 1. Annual mean distribution of MHWs index in the South China Sea in winter. Figure a~d showed the annual average
distribution of HWN, HWT, HWDU, and HWI, respectively
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Figure 2. Time series of annual mean value of MHWs index in the South China Sea in winter
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Figure 3. The first and second modes of EOF decomposition and corresponding princip-
al component time series of MHWI over the South China Sea in winter
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Figure 4. Regression analysis of the dominant modes of atmospheric circulation anomalies and MHWSs during winter in the
SCS. Figure a depicts the 500 hPa geopotential altitude anomaly and the characteristics of the WPSH. The green line represents
the climatological isolines at 5,870 and 5,880 gpm, while the blue line shows the monthly mean isolines under similar PC1
conditions (i.e., during MHWSs). The representation of the 850 hPa geopotential height and wind field by figure b, respec-
tively, is anomalous. The dotted region corresponds to the area that has been tested with a confidence level of 90%
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Figure 5. Regression analysis of sea surface heat flux anomalies in winter and the first mode of MHWs over the South China
Sea. Figure a~d corresponds to the flux anomalies of LH, SH, SW and LW, respectively, and the dot region is the region that
exceeds 90% confidence test
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MHWs in Region H (the blue curve represents the mean value of the base period, the black curve represents the SST, the
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6. ()3 E MHWs I£E R H Xigi; (b). (c)F(d)FRm H X1 MHWs FET 8] 7 B (% & th sk R m B E IR T 191E,
Eaph%kRr SST, REMERRNHE, LEBEMHYRFRAIEIN MHWs E4)

MEE 4 FEATHI AT, RILEIR A ZE MHWSs 58 B3OSR 5 A7 — 8 A OGP, (HILEAAm
ML AAEZ ) o X HIEHUM A MHWs 0, BT FEWEFRRE 7RI T2 W0 4r. 255 Chen %%
[20]/EW 5T “Blob” B ()77, ASCEE H B 7T XI5 6a), 43 7%f T 42% HWT F1 HWDU (1) K AE A7
B (K 1b. & 1c). ¥ MHWSs 5E X, 15T Eventl. Event2 Al Event3 SE{t: (1) A A A4 845 i (4] 6b.
6c M 6d). PO ML RRIXEL SST #MH, EEMERRSESHE, SEMERRRE, mat
FEEH0 o 2R DU HE ) HMW s S04 0 R R AR IR B KSR . o RBm A A FL T, P38 i S Rf 4k

DOI: 10.12677/ccrl.2023.126110 1068 SR AR


https://doi.org/10.12677/ccrl.2023.126110

I 1) () AR S 03 2 7R . Event2 AT Event3 FAFRFELS (A /£ P> /i 47, Eventl SHAFHFELS [l EL 2
BB T 102 RZA. 3 IRFEMFHIRK MHWs 525 KAE 2.47°C, SAFIIAI A H P24 58 B 2 i KT £
1.65C. FAFFEmIa, HIRZHER, UHIPTEXIs H 75 & R MHWSs &4

Table 2. Extracts the basic information of MHWSs events
2. B MHWs EH4HEKER

FAE AR R A H SO 1Y) 4 BRI H PR FRER AL
Eventl 2015.10.24~2016.2.2 247°C 2015.12.5 1.65°C 102 K
Event2 2016.11.16~2017.1.18 1.62°C 2016.11.23 0.97°C 64 K
Event3 2018.11.27~2019.1.23 1.67°C 2018.12.22 1.25°C 58 K

5.2. T EEEFREHRENISH 5

WA X Q) PR E RGN TR, KR &2 AR i R AL PR
TERT, T ERGIE IR ZE 2 M. 1H5 T Eventl, Event2 il Event3 3£ 3 X MHWs {1 ] % Tl
BRI R FFAI(E 7a), LRSI RBFMEE 7h). MR LIS RE B8RSR e KR, 4EF
SOHT R RE A, TP RE ARSI I . MR EGESH AT BUR ) 3 IR AR AR# AL T PR A RE
AR RGEETIER 7AE Eventl FAFHER] TEVNOI RSN, #£ Event2 1 Event3 FHAFH LT RER
—0.02°C HJiE AR AE T . Eventl A1 Event2 Fiffrh, J7RE& IR ZZNAK, 7 LLUIRER AL 1L
WRAE T —EE M. XEEMERRZ, Event3 H/FPIRETUVBORIIIE L, BRI et 7RI &
P E1-0.05 CIR AR AEEIS 0.07 CIRIIRETILFEE T VIRKFEM, KBS ELTF Rt
SN ER AL REE A 5% . REERRE, BAELFERERA @A BN T RHIRES, H
FERRGE MHWSs [F15E 3, IXIFAFEI MHWSs FAF 153

(a) Heat budget
0.3 T T T T
02 | | ? = 1
: : &l
0.1
0 7
—0.1 it
4y
—0.2 :
l temperature tendency: net heat flux horizontal advectiom—vertical entrainment—"~"~ residual I
—0.3 . . .
Eventl Event2 Event3
o (b) Heat budget components
w T T T
0.05 il
0
—0.05 5
||:tcmpcr aturc tendency [l net heat flux @ horizontal advection M vertical entrainment-residual]
70. 1 I I T

Eventl Event2 Event3
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