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0.32 °C . 4= % B AL T 1% b U Ji 00 00 25 4l A0
WRF 5 4 4 5l AT 32 143 43 i 7 v
(Principal Components Analysis, PCA) 1 LSTM J7
PSR A PR Rk 5 H Y SST Fil A
U )N R CIE RV & L 8 K a1 08 4
ST SST AR KB i &t , #1H] PCA 71 BP
P22 X 28 RR 25 0 1 1 o U e YA Sl A UL 9
AEAY  ATAE MY 55 iz 47 rh 4 o e T, R I it
R 2E . WIGEAESFE RS A T — R 22 4 [ H AT ST
# K M g 12 W 4% (Differential Regression
Transferable Long Short-Term Memory , DR-TLSTM)
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P TIEIN o Pf 2 O £ B8 AT DA R A K B0 ik %k
(B AR AT B IR Bl vk, BRI R T
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Fig.1 Framework of CNN model
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A TR EE R A R U E e 1A
Wk I el 45 AR s A7 i v RUBE R AT WRE B
Fh s . RS AV 96.1°~135.0°E,-5°~
31.5°N, B AR FH L IU) Do 4%, FU 41 i< 78 h, i o 22
RIFEAIRE 1 he ARSCIEBUZBLR 2020—2023 41
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11 HO00B—12 F 31 H 24 BFZ B 5 4 Sy i
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2 LI 5 AT

AN SE G 5 PR OF 15 45 % 1% 25 (Mean Absolute
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AN 3 dIZI) SST Fidle k] 734 0~24 h . 24~48 h 48~
72 h AN TR TR, AR A B A 5 X g T A 7Y
HAF RIS bR o

S R R AL S CNN SR LSTM B 55 AR LAl
b CNN LR GEA T LA . ARAYEE T Python FIAR Bk
P22 X 25 22 keras #5480 AR RN e KA IR B
15 000 ¥K , ) F U E R 0.000 1, 451 2 bR Bk $F
MAE, fii 1 )2 F] ReLU 0% PRZL . CNN AL AU TR
BRNR 3, Ak 2R A B AL it AR 5 101 R
4 2; LSTM BEAY B )2 AU i R 4.

F 4 48 0 285 1 i RRATAE BB AL IR R, B TR A

B RTINS R ol — IR . A
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5 B ZN VR R TR 45 R (A S, AR SO A AR i
il & W SHARING T ENER D . FE
120 s SST 257 56, Bk R v ol ik 25 24 hoW
I SST 1 A5 0 gy A il IR 5, R0k 24 h S SST
VE MR R  EB. r R 2 W R TR R
YRy 2, Bk AR 4 TR AR L K O 24 h T4 A9
T2 SLP Q2 .U10 Fll V10 1E J s Bl Ay A il [+,
oK 24 hOULIN SST A s A gy i B EEMH . r%E3 Hh
SST WL+ G2 £ (B Tl 2L R A I 2 48, RV ik
VS 25 24 WL SST, DA KL S5 T4 %5 AU oK Sk
24 h TR ) T2 .SLP Q2. U10 ., V10 1 A 152 74 4y A i
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F1 EEIGHR
Tab.1 Training cases for CNN

i

LS el
SST T2 SLP Q2 U10 V10 SST

ik 3 N

g2 — N N4

pZ2 3 S A A A A A

V' FERS 5%, —FRAS 5%,

UllEn AT

<

W 3y 2 00 TR R 40 il A DL A CNIN A
RUHEATIN SR, f N 2558 LA ABE R XF 2023 4F SST ik
T, 3 BHRACR W A 2, 3R &, %
2 R TR I 415 2% 88 K, MAE FI RMSE Y3 1.2C
FHOE BB AR TR B 22 . T AR EE R
SRUE TR B 25, 5 I 2% Mk LA 98 402 >0 TR 7 4k
INZERLAEE . 7 2 1B 0~24 h TR IR 22 K T
22, MAE flIRMSE 43 5> 0.313°C 1 0.520°C , 1% 22
BOTE2BERIE 1 C o Ul BRI P AR AL 5 Py s v
TR AR AL B YRR OG , A 25 W 2% AT LK 7 5 T v Bk 4
AR LR, X AR R A TR U Tl . AT
T, )7 3 AESEI SST 2t 51 AR 4 Wik %k
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Tab.2 Comparison of training cases

\ 0~24h
UIE S
MAE/C RMSE/C r
ES! 0.313 0.520 0.9932
T2 1.268 1.580 0.9420
VEX 0.276 0.459 0.9947

TE: SR O e (.

i, VN 2 T A5 A5 T8 B 6% AT 4550 o0 2 Tk YA
I 0 iz % 22 B A OC &R £k, o MAE B# I
0.037 °C ,RMSE [&{%0.061 C.

251202344 H 12—15 H 7 1 T4 3 3%
s VA L AR 2k CULIEL 2) o 7 v I AR A B B
D7 %8 1 TR A X S i 4R A7 A B S TR
BREE R, I A 1R AR 7 L i
B, 2R 45 TCTR KT DT B A5 S R 1A ek 5 A8 R
IR e A SR AR B AR B e A IR PR R . TR 3
FIARRBUEIE S , B RR 8 N5 B b i
AR 2 0 T R R AR b BT AT HER TN . 25
R 2 FIAH OC R BCPH I FE b , 7 58 3 4 2 1 3 0 A5 75
B AR

K2 4 H kst RS s vt il Lo
Fig.2 Comparison of predicted and observed values in the

prediction of 4 days
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it — I S N R TR B A ) A
RCR B A SCHE 7 58 3 (1 L Al 7 384 14 2 )11 2

T % R R R B BN B A 24~
48 h 48~72 h B R AT IR TR AR . T 28 3-1: 4
A F Nk 22 24 h W SST Fll K 2K 24~48 h/48~
72 WA G AR B | i R DR SR X o e U
SST. J5ZE3-2: M A+ it 2 24 hoUL SST Fiok
K 0~48 h/0~72 h L Flse gl , v it W 2B A+
Heok 24~48 h/0~72 h WL SST. K5 P 2H Jr % 433l
iy A4k CNN A2 25 5 Wi 4 2023 4F SST, i 4
ORI 3,

®3 FAIIZKTT R SST HIRE RXILE
Tab.3 Comparison of two training cases under different

input numerical weather prediction data lengths

B —
. S¢Sk 0~24h
g

BAEHRMA MAE/C RMSE/C p
FgE3l 24~48 0.439 0.678 0.988 4
JiR32 0~48 0.412 0.632 0.990 0
\ G 24~48h
gk

BAEHRMA MAE/C RMSE/C P
FE31 48~T2 0.555 0.794 0.984 0
Jid3-2 0~72 0.487 0.714 0.987 2

TE: MOy R,

FHAR T 05 38 3-1, )7 8 3-2 R A AR T IR 79
A Y BRI IR 1% 22 5 i 48~72 h ALY T
R 2 B I W 2, MAE F#11% 0.068 °C , RMSE A%
0.08 °C, 4 0.003 2, KA AR AL 25 i 17 it A2 1k
PEZEHRRZ —, TG E R 5 B A5
PE, B R B 250 m0 5 SRR S . X EIRE
TR IS B AV IR AN S B R R AR G iR %7
B 220 5 2 I [ R ) 5 [ i Vg 30 e 1] 14 28
FOAEAE— 8 FE S ME RO | i — B 220 B4 Vg T T 41
E 2R~ — I 2R i 2 5 o O 58 3-1 U AT
i BsF B X 07 1) AR G B, TR 2 ) 1) 1) vl k% Ak R
A I R, TR A i o 2035 2 4 K P B0 ) B A
PR 250 i 5 7 28 3-2 300 T R B 2 B RS
B A5 TR R A% S0 A B vl T AR A R, X I
B A TARGE T, RRAR TR IR 22 . £ AR
ZERM K RZBORE , T % 3-21£24~48 h . 48~72 h
B PR AR B 4T
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&R ONN H R ZE S5, 6 BB 1)
W S AR PR BE . AN SCIE T r 3 M 4 3-
2, %0 b 3R CNN L FEAN R B R SR TR K3 d
BRI ZE R (W 4) . Hirf CNN-AP M5 F
KAl 2 1945 45 CNN; CNN-BN A SCHR H B A
0 — AR 91k CNN; CNN 8% B3 00— 1k
JZ 1) CNN-BN BEfili 254 . R HE Y, BEE B
BRI, 3 A CNN AR AL 0~72 h 145 2 SR A5 21 ok
¥, 1% 2 MAE .RMSE {7 Fr F [, r 884K B, Horp
CNN-AP /i) MAE -3 F [4 0.021 °C,RMSE “F-3 R
[ 0.024 °C, V-394 75 0.000 8; CNN [ MAE V-1
TF%0.019°C ,RMSE -3 T [ 0.025 °C, r V34 5
0.000 9; CNN-BN /) MAE “F-# R[4 0.019 C, RMSE
PR RE0.020 °CL P332 0.000 6. FRUZ AR
P 8 B &1 10 1), 3 iR 7R (1 i SR AR TH AN B &2
ER A TR L AR 25 . CNN P38 in 6 B
B REAG LE W 2% 5 4 1T PR i A B, 2 ) ZRETE
FRAE, $2 R RUPERE SR, BRI AN R

FAT o S0 2 IR 2 WA TR 1 il Bt 35 R A 50 4 i
e LTHE TR, BRI R R 2 E B S 8RR
TP BRI Z (L AE 7 o Fh I CONN RS 5 e
A8 B B B, B 78 70 $2 USRS A1 | Sk £
T RLA T R, (AR R R R AR R . AR R
HRAE Y A PE R AR AL, 3 CNIN RS 751 (1 35 B Bk i e
Al M 8~10.

24 ARBEZEILLSHT

R i — 0K B AR SO A A R 28 I 25 25 1)
TEABELT AR A A RICR , FRATT L 3 Bl CNN ik Ak
3 d BRI PR AR, IF 5 LSTM Jr i (FR2 1 il
AT oA . RS TR 2 2% 24 UL
35 ) SST VF I A3k 0~24 h . 24~48 h 48~72 h
AN EE i SST .

JNFF Al LA ), CNN-AP FI CNN 435 #i 4t 45
bR b %42 . CNN-BN 4 CNN-AP.CNN .LSTM
ARSI W 7 i vl DAARAF B i T R . A
%% CNN-AP, CNN-BN 7£ 0~72 h T4l 1 MAE -3
TF0.031 °C,RMSE V-2 F[£0.045 °C,r F-34% 5

F4 37 CNNIEEIH) SST iR 3R
Tab.4 Results of three CNN forecast methods

LR MAE/C RMSE/C 7
LAY N
Bt 0~24h 24~48 h 48~72h 0~24h 24~48h 48~72h 0~24h 24~48h 48~72h
4 0.321 0.473 0.536 0.518 0.719 0.776 0.993 3 0.9870 0.9849
6 0.299 0.457 0.531 0.492 0.709 0.762 0.993 9 0.987 4 0.985 4
CNN-AP
8 0.296 0.454 0.538 0.489 0.693 0.776 0.994 0 0.988 0 0.9849
10 0.303 0.440 0.538 0.492 0.689 0.765 0.9939 0.988 1 0.9854
4 0.308 0.464 0.536 0.504 0.708 0.776 0.993 7 0.987 4 0.984 8
6 0.301 0.442 0.519 0.487 0.683 0.753 0.994 0 0.988 3 0.9858
CNN
8 0.300 0.433 0.523 0.491 0.674 0.750 0.994 0 0.988 5 0.9859
10 0.300 0.445 0.519 0.490 0.687 0.749 0.994 0 0.988 1 0.986 0
4 0.283 0.437 0.507 0.474 0.658 0.728 0.994 4 0.989 1 0.986 9
6 0.281 0.425 0.511 0.469 0.656 0.734 0.994 5 0.989 1 0.986 5
CNN-BN
8 0.274 0.411 0.496 0.463 0.637 0.725 0.994 6 0.989 8 0.986 9
10 0.276 0.412 0.487 0.459 0.632 0.714 0.994 7 0.990 0 0.987 2

e B AL
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Tab.5 Results of five forecast methods
MAE/C RMSE/C r
R
0~24h  24~48h 48~72h 0~24h  24~48h  48~72h 0~24h  24~48h  48~72h
CNN-AP 0.296 0.440 0.531 0.489 0.689 0.762 0.994 0 0.988 1 0.985 4
CNN 0.300 0.443 0.519 0.490 0.674 0.749 0.994 0 0.988 5 0.986 0
CNN-BN 0.276 0.412 0.487 0.459 0.632 0.714 0.994 7 0.990 0 0.987 2
LSTM 0.310 0.480 0.566 0.502 0.709 0.771 0.993 7 0.987 5 0.9856
TR TR 0.426 0.636 0.787 0.669 0.922 1.075 0.988 8 0.978 9 0.971 4

0.001 5; #H # CNN, CNN-BN 7 0~72 h i fft
MAE V-3 T[4 0.026 °C,RMSE V-3 F % 0.036 C, r
SR 0.001 15 AH% LSTM, CNN-BN 7£ 0~72 h
i 4 o MAE ¥ 2 F F% 0.06 °C , RMSE V-1 F %
0.059 °C, r V-3 5 0.001 7. #H 4% 1 2 M Wi dit
CNN-BN7E 0~72 hfiifiz ' MAE -3 T [%0.225 C,
RMSE V-1 R [%0.287 C, - F-3494%15 0.010 9.,

FRATTXT 3 Fofr i 2000328 Bof v 3 152 25 A T 48 1530 Hr
B (] — B 20T T A SR 5[] — Bk 2] T 30 T 41 1R
ZESRBOF YA, 2261 5 B 5 1k 0 041 158 2 B T 41 Bsf
BB A A AL I ZR 1, S5 R UL 3. IAFE 5 25 SR AA
AL HIZR RT LUE 5y ik 0 Tl 15 2 Bl 2 412
A RUCHE K 5 ) i g 1 e . Hir 0~ 72 h g rh ¢
SR TR 1 T R 2 i 1 e bR IR 22 K
CNN-AP il CNN J7 2 il i 1% 25 h 28 25 5 A K
CNN-BN J7 i i i 15 22 i 283 18 fe 12, AR TR 22 /)N
FH A 4 Fh vk

BATV NG T 363 NFEALE 0~72 h B RN
BT 4 TR AR 5% 25 , 287 CNN-BN 55 Ho A 3 Fofr o 425 ()
HBHPREWEE K. 7£363 FEAH, CNN-
BN Jy i il 15 2 S IR T LAt 3 bt 28 1 28 3k
FLr CNN-BN 5 ¥4 19 4z 5% 22 {IX T CNN-AP J7 2 il
AR ZIREA (5 LR 64.7% , (K T CNN 7 iE R A
di bl 63.1% KT LSTM 5 8 5 o 72.2%., 1E
363 MFEA T CNN-AP J5 15 K MAE 4 2.84°C,
CNN 74 2.64°C , CNN-BN J5 1% 4y 2.41°C ,LSTM
)71 H2.49°C, CNN-BN J7 i ) it K MAE ¥/ F
Hoftl 3 AL 45 vk

AT I SRR AR |, R P i i i
TR 25 B K, RO e 25 . SO PR 7RI 1+ 1

I3 505 vk n Fi i 22 BE R I 2 i i A2 Al th 2 151
Fig.3 MAE variation of five forecast methods

b VIR H AR AR —E 25 5, OF HRlE R
BT BR 3G A VI H AR R 25 S o, UK
F Ve R 3 T R 30T e 3l a5 U TR R A AR AR K
BLpf . CNN J5 BB 4 F CNN-AP J79% , CNN-BN J5
DAL T HoAt 3 Fp b e W 45 7 1, EEIEHAE T EA
[ W 25 25 R A7 AE X 5] . A3 F CNN L CNN-AP
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Fig4 The 0~72 h MAE values of four neural network methods in the test set
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A study of sea surface temperature prediction in the nearshore stations based
on Numerical Weather Prediction and Convolutional Neural Network

GUO Tingting, WENG Shaojia“, CAI Jinhai, LI Hui, LUO Rongzhen
(Shantou Marine Center, Ministry of Natural Resources, Shanwet 516600, China)

Abstract: Based on the sea surface temperature (SST) observational data of Zhelang Station and the Numerical
Weather Prediction (NWP) results, this study optimizes the traditional Convolutional Neural Networks (CNN) to
construct a short-term forecasting model for nearshore hourly SST forecasts. The experimental results show that
using the SST observational data and the NWP results to train the neural network model improves the SST
prediction performance. The model performs best when the number of convolution kernel is tuned. Compared
with the traditional CNN, LSTM model and persistence forecasting method, the optimized CNN model has better
SST prediction in the testing set and faster learning speed through involving the normalized layer. The mean
absolute errors of 0~24 h, 24~48 h, and 48~72 h forecasts are 0.276 ‘C, 0.412 °C and 0.487 C, the
corresponding root mean square errors are 0.217 °C, 0.396 °C and 0.567 “C, and the corresponding correlation
coefficients are 0.994 7, 0.990 0, and 0.987 2, respectively.

Key words: sea temperature forecasting; numerical weather prediction; convolutional neural networks; normal-
ized layer



