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 FE: WRIEJESST (Sea Surface Temperature) EFFRIEFFESN 127 | EEE— KA EAE AR 1L 1 B 245
bRz —c ARGERY SST AT A EIRNKTH, (132 BRTRAE R AR AL S Y ], LA IR R | 5 70 R B T
WRFEmT oK BAR, TR B T o e BRI, B EOFOBUR R RS AL, TEITERT SO RN iz, B, T
PR SRR R AR R, R BIRASM . R RPIE VG A TR AL RS AT R A R R A, S EORAY
4 SST Bt i AR R , —EREHE B BRA] T AR o PRI, ool St A JE A DL b e FUR ISR, 3R
fRE e e S B E, ARBFSTE T 5] A Inception 5B ik AR E B [ 4ni% %% DINCAE (Data—Interpolating
Convolutional Auto—Encoder), $2&H R I-DINCAE# 5 ] T FY-3C T2 Rg v 05 r= i i B e EE 4y 5 IRImsE, 465
G X Z AR I A, i3 IR M4 M 45 DNN  (Deep Neural Networks ) #5750 o 5 4% 780 & A4 A i B 5040 0 47
KIE, FF R iQuam SSTHUHEHE 19 11993 A 37 S B s B SR EAT A 0 . 45 R SRH . A SST 59230 SST
A RMSE 24 1.27 °C, MAE}0.96 “C, R*}0.84; il DNNAAIIES, RMSERE%0.57 'C, MAE[£% 043 C, R
P 2092, JETARE S A8 SR BRI, DRI 23 ) PS4 BE S0 A7 1 R ¥ 70 ) B2 AR 23 3 R 9 R I 25
AT RIASARERRAE . 25 R fEZ W RE L, MRy SSTARMLARAE M i, H P 2 SST LB i, 4= SST
R fEHRE L, Wil SSTR LR BIIE (&) XIEEIB, SSTE % 16 AR AAE, 781 L%
W/ IME o AWFFEAA PR 5 | e o B R T DXt 0 B R AR i TR RO, BB T R T X
T3 B I 25 AR AR
KER: MR, BdiE, BEY, FY-3C, il
HESES: TPT51/P2
SRR AEMS . FERE,KEE, AR, BFEEF 225 ETREFINESEREEENRENTSEURR . BEFER,29
(7): 2382-2398
Sun Z W, Li Y B,Zhang D J,Sun S J and Chen S Y. 2025. Sea surface temperature reconstruction based on deep

learning and its application on the spatiotemporal analysis of SST variation in the South China Sea. National
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1 5l

1 F IR SST  (Sea Surface Temperature) J& 4K
HEANEFIER R R IR L ERZ —, HBUNY
AL HR T BE X TR AR S RS EE 5 D RE AR TR
R (IREE 4, 2018; XUERHP 45, 2023).
SST Y P B AN FL4% 56 2 BN PR A= Ui B 3 r) i 4%
FIA W) Z2 REPE DR, 0 18] 432 52 Wi 45 Yl 5% U Y
I3 Sl AR AR E T . BEE TR TR A T

E]

fm HEA: 2024-11-07; FRENAS: 2025-01-15

— SEIRE R A )R] RE T I TG B L R, AR E
FEVE T RE 52 M E Ty, 00RE XUl B R A n]
M IR R IR B (T8RS, 2022) . R, i
PR W72 AL 5 i PR PR AR S (B A A 3 DY
HKFR . BARTMIE, SSTREW EIRMEH Tl ERIZS
TRIZ KU 22 8] B PR 52 e A, DT 52 W 9 34 119
PR A AL R ALR X R I SRR E T
TR TR IR BRI, 1T HE— 2B 52 T R
RS SR o A, TR R AR Ak AT e R —

EEWE . HEHEAULI (45 :2023YFC3107701 ) ; & bk & o5 5240 % FL 4 e B0 H (45 : KF2023YB03-03)
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SRS R A, B, PR (G
UFTREIXL) B T W & e 5 16 3R 0 B2 2% D AH OC
CRWERR 4, 2022) R EE 0T+ E AT e X
S i A A T ) R B RO X I M X
FKATEFAER RGO U R, HERRR
WO 20 15 B TR A i A S R G W is
AL e E B, I 0 N X Bk A AR b S A
TR SRR AL TR 2= A

FeT Argo VAR . TEVEIR A . WL B A
By S F BRI B Rk H s F . R4
X ST P B 37 WL I T B A A B 3 U 2 D i i R
TR AR, HZR TR ARRE
MR, XS EHE 1 SR BGS BRI AR RERT 30K, 47
A B H A, MELUIRAS R [R5 SST k4l
(Venkat Shesu 2, 2021)., PEEBEIGEARNE Z
B2 8 5630 BRIV N I PR IEY B an it
VEEE . IR AR TR A MM (Brasnett £l Colan, 2016;
HBERT 55, 20205 HHFE AF, 2024), MHESTH
KUY SST I 777k, TS SST I H Wi il 7
Bl sk thnm i R (Klein 5%, 1999). i#
it TR AR ST 5 RE S S BN ) VR VAR R R
B aE, DI AR B4 Rk RO A9 il PR a3 b SIE A
W ) Ty O o 17 TR A S A T R i g S
B P RN R M, AV A A PR A A T R A Y
HET S S

H i 20 B 7 b ROk { T AT A g R T
B, MTZAEHmEREMNZm, R HER
T 77 AR AR R R B IRk, Bl e R ROR
RAATK 1T 5 T 25040 ) 5 3k AT AR BRURIF 51X N 32
SRR A o BT TR SRR VA 9 L B
¥ g5k FELE AT GNP RIS AL 58 7 i A TR
FEA 2] W7 o A% Se B Bl E R HOR 32 2R T
FEVERRE 7L (i 45, 2016) FIH~A50 46
o (fridie 45, 2013) Sk M B2k (4R &R
B, HBAEECRE D B S ey, Tk A
AP ROCR , ABTEEE ™ H B B AR R s
BUR, SRR A2 B, X R
SRy 33K B Ty RO Tk S AR R [ 09 A UM R AT
T, YR G RN R SR SR, SR
HEfA VR SRR AR . % 0 50 A8 )y vk 3 i R0 T
73 () ol i) (0] 3 2 M F g i, XS R
et . TFERCR R SRS, BERE N Y
SR RERB v R EAMORE R . SR, A X

O i PR S5 R0 A B R N, A2 58 7 iR R —
SEE R, B, AR, L5y
TR LU ROE N8 R EE (Meng 37, 2021) YR
LML, X BR THAE AL B2 2 b 55 RO PERE
FE, DA R Y 18 IR I, AR ST T R
BRI SR, XAFERT, T ELYE L R4
iRl o

A N LR RERORD A, —IT s
W25 R FE SO TR E F B K (Park 25, 2019),
TR BE 27 ) BRI A RS o 22 [B) () AR Lk SC R T
Z T AL B EE B (Bolton Al Zanna, 2019),
Hoi R BYRFIE 7 ~] BB ) (145 2R 2 22 S BRI RE WS H
B AR A T B B R AE DT AR I AR LS LA
A/ R

AT f£e ™M 2% ANN (Artificial Neural Network )
fd B 2 2] s, il o) E AU AR AE S H
i B50H 22 1] B O 28 o T ke 2 B4 {8 o Pisoni 55
(2008) B ML TN T4 22 [0 245 Tl A S i T2
SSTHHE , I S EIE AR IEAT T AL, SRR X
ke SST 22 A AT S0k, SRR 107 BRI &K
M, ZOTEAT LM NOAA/AVHRR SSTE, H4
FEE RN E R BRAZL M4 CNN (Convolutional
Neural Networks) 7E KGRI 1AL T ANN
MIPERE . BE T CNN BB AL 1o 32 J2 27 ) R i =5
[FRAAE, BEAE FUN JF BB S, X LEITETIA
TARL AR M, BEREAT RO A P B Th B2 e =
(] 73 A VS (A S, DT B 4 b DA BSCHRE o o ]
JEF S A e, R R AEA A B SOE Bt
TR R BRI, (R Bl By
W 2l g )5 %% . Ducournau Al Fablet JF & T — Fff 5t
TR 2 2] AT Fe A BRI 28 0 2% 5k 1) A 4
PR S 1 R IR E (Ducournau A1 Fablet,
2016). HZiS%s AE (Auto—Encoder) J&—FhJC
B 2 ST RERY B n] DAy o] g A BOHE ) I 4k 3R
N (Gfd ), I IR GE R 7 b J i dn i A
(FfAS ) o 3 o G B — e A ol R AN AN S B T 808 1
AR, R T B AZORE, R
JZ R TS A . Goh B4 (2023) 4 ih
TR A 7 3h W i 2% MAE  (Masked
Autoencoders) HH 2 )2 N 4 HER SST I 5 %
27T ATERENL 80% HEfS T B A 42 JR) ST, HiX
Ty s 0 T B 15 e i R s, AT LA
=R E T i G 8 PN 8 N B R AN
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R S A S . SR Ge kT
WY O1 7 A fA], DINCAE il i — & 5 5 flis
Wt T O1 R £k M ] i B . DINCAE B T st figt e 17
DINEOF 7 &b # i [] A1 25 [A] 35 b (0 JE et X R
T A Ry B o 38 3 7 43 ) FH o 2 I 8% 1) i K DI g
DINCAE 1] DA R AL B Z i AR R 56 R o 4R
K, DINCAE J7 k) iz HF T AL 8 B i 2k
BRI EM, JFOEBJE SST (Jung %5, 2022) .
Chl-a (Luo %, 2022) 1l A% & 0408 5 A4 1) 7
T H . BEIRDINCAE BRIV IR B K EH A
TR T — S AR, EL R I 28 04 TR EE 3
SHMAEIEIMS, FHit, ABFSEIAE DINCAE £}
B FE Rl _E 3800 Inception BEEL . H9HEE FH T FY-
3C 5 i I R0 JBE 7 it B A SV A5 A I-DINCAE
A AR S5 F R BE A 28 M 2% DNN (Deep Neural
Networks) 45 G S B e X B A B AT IE, 759
) v R )V R A L R S B AT
Bk, DAARAS BT . R e I R R B T
B Ja, T ROE E B SRR R 7 AT R R
R B 25 A5 A 2 B, LASDI8 78 1 Vi 1Y) ¥ 3R
FERF 28 AR AR R, A p TV AR S PR I 5 AL
E IR

2 WFIE XS AR I

2.1 WARXIE

G DX 380 T T S LA ik (5°N—20°N,
105°E—120°E) . FgiEHAb d ERRG R HE, 270K
SRR B R A, S RO AR IR R R
3R GG . FE g T X AR L K
TR TR BV, R I A S R G T R A R IR
S5 AERMEmNIEER L, MEME2MHE .
VBN, WEEPEER . BoRER, RIKEE
AR, XSO G Ve FK GE 5 R
WAH I, I AT A A% A I T G S R A
WM AR . VU ORE R E A (LA,
2023) . FAIEFRYHLIY 20 AR R AR R b, L
R A3 b XA B A, T R R R R D 2 R R
M L T R A M AL RN AR 2R Y T VR R
Bi, Al RCA B ST S SO AR R DG RE IX
W, R RS B () U % TR R B A TR
AT A% DR300 T A AN (] B[] R 255 ] RUBE 1 Ay g
B REL,

2.2 HUEKRIR
221 BFRIREIEBREE

A 5T R R PRS0 T FY -
3C VIRR SST #t#is, kM T HA 2kE S
L2 9 H g 38 B 7= (http://data.nsme. org.cn/
[2024-11-07]) (Liu %, 2021), K= =% CAH
(FY-3C) 2P ES ML A, T201349 H
23 H RS2 . AR HGE Lisfr, Pl
1 2N 836 km, HLIE{AfI o 98.75°, AI WLOGLL Ak
A HHT VIRR  (Visible and Infra-Red Radiometer)
A 104G E , FH T 5547, IR 5T
72800 km, BT HEEN 11 km, F9UE 10 bit.
ZBREFEN S . T AERIEE
KE L RIEIEER I . VIRR A — N K 204
Wi (3.55—3.93 wm) 1A K B K AT A
(10.3—11.3 pwm Fl 11.5—12.5 wm) A] DL JH T 3
b D VNI I €7 e A N A | BN <1 SN =/ N 1
FIEHEY 5 A Mo nh B2 05, A MCSST 533 il 1
VIRR W= i, T O ks 26, 7R
JH 0.05°%0.05° ) % 28 25 BE 805% 3 e, ] 43
HER A1 d, BdlELAHDE #8077 (REIZHE, 2023).,
PR LS B RIRIRE E] SST P2 &, 25 & 31 K BH AR 5
(18 A5 Ak 23 R g 1 PR AR AR I M 5 ek, kT
X AR SST ™= Az 5 G s M, 1A )3 B AR X AR E
SRy AR 1A R A B 8 0 J2 T PR IR A b T
TE B SST &R . BIVAE R X b bof ] 222 15 43K 11
SN 0.05° BYRLIE] SST =t (&R %5, 2017).

ARSI H 2014455 H 4 H—20204E2 H 3 H
() VIRR SST%uds , 78S bRk it f v, &M
B i [R) A7 AE BOHE B R L, B TRk
2017 AEHE S
222 EMEBREEHIE

SN T A oA D T 5 R R MR R R
BHLJR (NOAA) A9 SST i i Wil 248 (iQuam) ,
ZZR G NOAA (1) T2 W H 5858 0y (STAR)
iz 4k, G A M (http://www. star. nesdis. noaa. gov/
sod/sst/iquam/index. html [ 2024-11-07] ) #& it 4 £k
SRR PN AR TR N B4 o iQuam FRISE 5 T 8 /Y
WFIE] . 2B . M 2Rl | MR . KU AR
WEER, HFHHS N 1—S P FREYS (Lo,
2021) . N T ERARATAT O VERRA M, AR 5T o U
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1 19 5 2% SST U ASCh S A
3 WA

AT G 1 SR et rG P e (E A TR 3l 2R
iy (I-DINCAE) J7 VX2 i) SST 54 k47 &
SR 5 R R B 22 M 4% DNN - (Deep Neural
Networks) 4% & S B % A B #EA T4, 5
FI) R B B 1 R T R U
3.1 I-DINCAE#&%!

DINCAE /& i1 Barth 55 (2020, 2022) i/
— RS IR B 2 I vk . ZOTE T Wb RS T
H sl 415 %% AE (Autoencoder) 5 35 FH # 22 () 2%
CNN (Convolutional Neural Network ) %% H 3%,
WITEANAR IR T A 3l g it 5 72 B0 FRAE 32 JBOR
Ko 24 5 T Y SRR BE ), 3 S840 R T T s AR 42
26T PRI A PHATUABR 17Y s BRPE B L DT 52 X B i
A R

1E CAE ', Fih%as F 2 i B HZ Fib L2 4
B, HIRE R IR R U AR R AR, HAR Y158
MELAE . HAMGIE NG (W) K
(b), RJmiE X S AR (v) 217
BRERE, AR FEE h, SRERIE R 2%
TH BRBGHT , Rm N

b =a(Wrxx +b") (1)
Krf, WMUREHRLR, oURBE R, WHRER
B, BMUERME .

TEfRAS & 8800, B AR AT R B AR bR
B, A g IS O RRIE ) h 500 S B Y
EHATER, SR BN EARE e, JFE
5 PR o HEAT WO, NI S A g A RS, it
FEAT AR

y=o(S,Wxh* +c) (2)
A, WEIRETULR S E .

e/ M AREAS 55 R 25 2R 22 1] A 4 K ok
YIGRAEAY 76l FHRR L AR s A R 483 2% eR gt
HEATE AKX T

L=$i(xi—y,»)z (3)

A, o FRH D EEARRRIRE, v FRH
AW EMME, n BHEARBE, 120 2—DHHEN
T, TR REAIE . BRAn 20 T 2%
PREC RS T REA ORI, RORLIEARRR , BREL2
Je N T AER SR 5

I-DINCAE [ 2% 3= B2 7F DINCAE M 4% 5] A
Inception FLHXT it #i iy b7 2 RO AR, H T
A G it 2 i o R B B S RO RRAE . 3 a7 )2
(8 4R I P11 8 L AS [ KN 1 2 RO ok =F i A AR il
SO RRAE X B gE L At 11 B AZ HEAT B A
G BEAN, XEAS RGO f 5 00 it R AT T
SREERGER:, DI ROE MR ERRN, 15T
PRI L 5 A TP P MERR M

Inception 152 H 58 A% =5 504" e I 4% 1) V% 3 RN 5
B, BEREMEYERE (Masci %, 2011), %%
O T 2 RIES S T8 A ss & .
i 3 A R 2% v O A s B AS TR KN G 3 R A £k
JZ, Inception JEF4 MU 4K T EUE PR TR RUE Ry
R, SE—FT THEHERRZ R, Bk
Fevt, ZEHRA T 3FOREI R E M B,
Ix1, 3x3 Fl5%x5, M AE M 3 B R 6] 2 vk i)
BARRIEAE 2 o X PR T (A5 FRAE I AR 6% 7 25 A TR
KN IRAZ BT, A5 85T 15 T N 2% 114 T B R IR B
PR HE T T LS R R PERE . BEAL, A T BRI
B AR REERRIE I B R ST, Inception BEALIA 5 |
AT IX1IEREIITRESE, X — R AR T3
0= G ¥ S 1) B /W A (T 3 O 5 = WS A [ B
IO Ji S5 18 I 245 A B

I-DINCAE M Z5 M FE AR . S as)2 . &
R . R A 2y o eI 4 A4
WmE s

(1) F AR THRBONGEIRE GNZRBE)
s (EABEY) . TERMIA R, Mgk
BEALAS I 25

(2) Rt 2, SCHERAIE L R O H 2
BEMALGRE . BRI S, B2 R
h 33 BB, 15T W A K T ERIURRE . Jt
b2 5 B BUZ PR B SR AE D17 PR 4, R4 R B PR
AL 2R A KN IR, k)2 KN
(2x2), KN (2x2). Inception FiHe F T4 K]
BRI R B RIEAR S (2Rl 48, 2023), %
BEHR GG T 3R A R R, AU4E 1x1, 3x
3MI5x5, FFGIAT Ix1 B RS TR

(3) 4342 2 M0 2 T 1% G0 i 15w 28 0 26 rh /Y
B2 . BRI EE R AR M SR A i 42
HUR RN, DT A AU A E 1 . AR P4
WA EENERZ, WA EENEREE
JEANSFNBRAN . Horp N2 gt i5s — 4>
Ak 2 s 2T

o
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Fig. 1 I-DINCAE network structure diagram

(4) feht 26045 5 B2 Rk fe s 40 47 1 Y
Wifl)2, Wi B SRR A6 (E 2 SC R AR E Y
ERFE. N TIRE it 2 I 5E R Tl g
RO R AR B, Ak )2 05 g Bkl o B 4%
R EREZ AT R AE

(5) HWBEGIARZE TR, KR —EN
fay H S B R 28 g v o A DR/ IN R 300x300%2,
IEF A SHL

Y, SSTHTIMIR 2 )5 22 0 BIEAR L 5

Y,o: TR 2E D5 22 B R EL

AT A 5AGASJE A S ARSI, AR B
5 22 Jr 2 (A B B 0% Xot B30 R BT AR R 1) 1R 25 T
2% (62, EMEEREEME (7) AT,

™ 1
70~ nax (exp (min (Y,,,)):0)’ 4)
¥i=Ypo, (5)
K, y =10, 6§ =0.001/°C*, XN T
TR, M RFEAEMIE PR HITI S, max
1 min 4351 R U RS e/ IMELAY PR %L, 5 Barth
(2020, 2022) B AT

N T I AR EREOR, BRTEYI Gt F e
KB RBE A DAL AE b o A R AR IR,
B AT~ 2] KRG AR B LT S 50, A&
AN PRECROAE, B IRERIME ., U sRECR |

(P 16+

A 1 i
](yijao-i/):ﬁz g (6)

" 21g(V2m)

K, y, WIELG SSTIH, 7, WE SSTIE, 7,8
HAL SST RYAbRMEZE , N AU SR EE Arserh
1 WUR AR EAL IR 2277, IR ZE R HEZEARAG
B 2 WL /D iR 25 BR E 22 0 7 22, DABT ke A
53R IH— LR R R R, #E SR (HIAL
AR E ) DA TR 2 ] R (R R
TR A B R, TR RS
SR AT (RMIERIR 2275 22 ) DI ER IR 22 A 1R
A, HILDINCAE ML o fE A AR 22 A3 J7
TP AT FERITERE .

3.2 DNN#EH

DNN & — Bl FH £~ 1 28 I 45 J2 HE Bt i &2
FeERY, H BRI 2 AR AT 40 R A= L B
JZ R RS 38 4. 7E DNN H RO Z Lok 56
B, AU THMAZSHMBEZ RO, f5E
BE I G A AL 8 B 4 s AR R, B AR R EUR
B T A RAIE . FRUEUZ J2 DNN BIAZL 3, IR
FE TR ) B 2R RE . )2 SR Z R A
TR, 2RISR
i+1 J2 1) B — AP 28 o0 ) 5 IR EA T 5
RN SO AR T B R 2 P 2% 1Y 78 A3 Ui
W, AR AT R 2 e B B0 B T i AR R G R .
BAREZE T Z Mot (W A, X
P2 JCIE 2 4% A AR e 24 5 L — 2 R 2o
I o YRR A 2 AR 5 B BREZ B, A
P28 0 2 e L R 1 i A BRS04 A EE A
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Fe, I b —AMRZET, SR — AN R
AR, PR Z T . XA R
B2 R P e PR B AT, g
i N BUH R e 0 ol T 2 R B RRIE R R o L8R DNN
HIZEAEE G 2%, AH AL LA ) A e AR AR
KT, AT RGN, 2 Ltk o 3R AN 3
TERRELLL AN, DNN 8RR ZE A U & 2 T -

" a O\
HHISST = ,i ;Q ,Q :
: : : = SSST
L aps e
'@ @
—J L L
LN Rt 2 2

K12 DNN 254k
Fig. 2 DNN network structure

DNN 43 & P A~ i B2, 73 51 O i 15 1% 4% FP
(Forward Propagation) 1/ [1] 14 #& BP (Backward
Propagation) . 1 £5 W 4 [ 1if [i] 1% 4% B3 1 2 48 K
ABH 3 i B 2 B 4% )=, BT B i i g R .
TETREE A0 28 W 2 vh i 16] 1 7% o DS A2 20 i
R RS, R E— 2 A T — 2 e
T — 2 f ASEATINAL . BOE , JFRE A R AL 1
M2, BREETEMIE, ARmEN)E. 6
1] 1 7% B0 A3 i A T2 B B2 1) A% 6 R BGUR0Z 21
2L

3.2.1 HUREIERE

FY-3C SST &l & M A% Kt , S g $2 fk iy
EEEOEEE, AR LS . I,
TEFE ST PP 28 SRR 2 i, B ST TR R
S g UEA T A DL . AT IR JS Y4 SST Ny
FEUE, ARBFFAHH iQuam SST UG AR 1Y) 28 26 1 Fl st
6] 45 BLFE 1.5 h A IS a) 2 1 PN 5 0 2 JR R B 76
TR BRI HATICHL CRIERE 55, 2022; Jung 5%,
2022), 3159963 MEA A, AR ST
RSB ST X, 2014 4F—2020 4EBHER A
BB B 10251, 17868, 8808, 8276, 9442,
4932, 386, A T IR S E R B AT T RIS
WY RE I, A B2 bR B Y R S AT BRI SRR T
W LA HE 4 11 B 181 it AL 23 i 31 91 254 Rl X
i, NGREERREAR 2 B R 47970 N RE A, TR AE Y
FEAR 2540 11993 ML

3.2.2 RBEHRIERE

TEREMZ L% (DNN) BRI 2t f
X BT S AL B e B OCH 2 . RSN M B R ULE
T 28RBS~ ) IR BRI BE ST, DL iR
REERMEE . AR BRERISE R, ey A%
B RRRZEC AR S B R
PERE Az HEE2 M . OOl DNN BB R 35 I AERICR
ARICHAT T ZRA RSB AT, M TH—
ZROE, Wkt T 2R EE SR R4l R
e, SR I S G UETT VR, R 2R A R oy
A AEENTE, BOTERSEE R
5, HR AN TRAGENIIGETE.

(1) BBz JZ O 8 R B & =0 5
BAA, W GFEE R GREZ2E, w5
PR 2E, BRZEPRIE; WPREEETREHEZ,
e BRI LG S 2%, DT (A TSR (R ==
KA GG . T ISR JZ O AT B
N Zhad B2 P A RZ e, DR A TR ) S RO
XF LERE BRI R 22, AT LA R fie A R B 2 R
MABOTE, S5 SR ARERIE N 1 R

F1 FAREBEHMNT R HHERAIRE LR
Tablel Comparison of errors in models with different

layers and nodes

. s e MR B 22/ °C
T BREREE RV
RMSE MAE
1 1 16 0.953 0.744
2 1 32 0.876 0.669
3 1 64 0.772 0.591
4 1 128 0.656 0.499
5 2 16.32 0.664 0.507
6 2 16, 64 0.654 0.499
7 2 32.64 0.637 0.490
8 3 16.32.16 0.615 0.468
9 3 16.64.16 0.593 0.451
10 3 16.32.64 0.585 0.443
11 3 32.64.128 0.613 0.464
12 4 16.32.64.128 0.630 0.476
13 4 164.128.256.64 0.626 0.472
14 5 16.32.64.32.16 0.631 0.476
15 5 32.64.128 .64 .32 0.620 0.466

TERR Y2548 AT (R e v, ARSI T
MR R B 5 A RER0Z ORI AEH . FERE R
MR E T, R T )2 0 SR,



2388 National Remote Sensing Bulletin i & 54k 2025, 29(7)

DAL EE H XA AL RE AR . S5 SRR MR
FIEECR3)E, BEE AU 16, 32,
64 1, ASERUKE BF f% ) o

(2) Ko Bl F2: X 4% 88— YRR T o
B EIEREAR AL, RIS R B
AR A o R/ B S R R [l AR 4k
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Fig. 9  Monthly mean sea surface temperature map of the South China Sea
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Sea surface temperature reconstruction based on deep learning and
its application on the spatiotemporal analysis of SST variation in the
South China Sea
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Abstract: The Sea Surface Temperature (SST) is an important indicator for studying ocean dynamics, ocean-atmosphere interaction, and

climate change, which is closely related to multiple marine environmental factors, such as ocean currents, salinity, and nutrient distribution,
collectively affecting the balance and evolution of marine ecosystems. Although the traditional SST acquisition methods are precise, they are
limited by the number and coverage of sampling points, making it difficult to meet the requirements of large-scale and high-resolution ocean

research. Satellite remote sensing data can cover global waters with high update frequency and is widely used in ocean research. However,

during the collection process of satellite remote sensing data, SST data are often missing due to factors such as weather conditions, satellite
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scanning orbit range, and satellite sensor operation failures, which limits the use of data to some extent. Therefore, precise reconstruction of
missing data in satellite remote sensing SST data to obtain high-quality and fully covered SST datasets is of great significance for ocean
research. This study incorporates an Inception module into a deep interpolation convolutional autoencoder (DINCAE) and proposes the
improved DINCAE (I-DINCAE) model used for data reconstruction of SST products with the FY-3C satellite in the South China Sea. The I-
DINCAE is used to reconstruct the missing SST data in the South China Sea from 2014 to 2020, and the reconstruction accuracy of the
DINCAE and I-DINCAE models is compared and analyzed. To further improve the accuracy of SST data, deep neural networks (DNN5s) are
used to calibrate satellite data in combination with the measured data, thereby optimizing the quality of the SST dataset. Finally, based on the
corrected SST data, spatiotemporal variation analysis is conducted to reveal the characteristics of SST changes. At the same time, combined
with many years of measured data, DNN model is used to calibrate the reconstructed temperature data of the new model. A dataset of 11,993
independent measured data points is used for testing. Results show that the RMSE, MAE, and R? of the reconstructed SST and measured
SST are 1.27 °C, 0.96 °C, and 0.84, which decreased to 0.57 °C, 0.43 °C, and 0.92 after the DNN model correction, respectively. Based on
the corrected SST data, the spatiotemporal distribution and variation characteristics of SST in the South China Sea at monthly and quarterly
scales are analyzed from two dimensions of time and space. Results show that on the seasonal scale, the SST of the South China Sea has
obvious variation characteristics. This shows that the SST reaches the highest value in the summer, and the SST decreases to the lowest
value in the winter. On the monthly scale, the SST variation in the South China Sea presents a sine (cosine) wave form, with SST usually
reaching a maximum value in June and a minimum value in January. This study not only reveals the uniqueness of the marine environment in
the South China Sea but also provides an important basis for understanding the marine ecosystem and climate change in the South China Sea.
Key words: sea surface temperature, data reconstruction, deep learning, FY-3C, spatio-temporal variation
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