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Tab.1 Reconstruction method of seawater pH
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Tab.2 Accuracy evaluation of each parameter of the

data source

24 r Bias RMSE
SST — — 0.76
SSS — — 0.22
Chl-a 0.811 0.26 0.59
pH 0.952 0.02 0.04

El1 WX
Fig.1 Domain of study area
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Fig.2 Structure of BP neural network
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Tab.3 Output results of pH reconstruction model based on linear regression

A (n=36000)

IUFEHE (n=20 000)

BHHE R2 etk RMSE STD VAR
SST+pCO, 0.950 3 8.421 2+0.000 1SST-0.001pCO, 0.009 8 0.009 7 0.000 095
SSS+pCO0, 0.9522 8.365 9+0.001 7855-0.001pCO, 0.008 8 0.008 7 0.000 075
Chl-a+pCo0, 0.9526 8.416 9+0.007 1Chl-a—0.000 99pCO, 0.010 3 0.0103 0.000 106
SST+8SS+pCO, 0.9522 8.363 2-0.000 023 8SST+0.001 8SSS— 0.008 9 0.008 6 0.008 600

0.000 999 7pCO,
SSS+Chl-a+pCO, 0.959 0 8.309 6+0.00 31585+0.012 6Chl-a— 0.008 4 0.008 4 0.000 071
0.000 988pCO,

SST+SSS+Chl-a+pC0, 0.959 4 8.319 7+0.000 128SST+0.002 8SSS+ 0.008 7 0.008 6 0.000 074

0.013 6Chl-a-0.000 992pCO,
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B3 Lt ml AR AL e
Fig.3 Validation of linear regression model
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Tab.4 Output results of the surface seawater pH based on
the BP neural network model

e Eikey R? RMSE r
SST+pCO, 0.963 3 0.008 1 0.9815
SSS+pCo, 0.9551 0.014 0 0.9773
Chl-a+pCO, 0.953 8 0.009 0 0.976 6
SST+SSS+pCO, 0.968 2 0.007 7 0.9839
SSS+Chl-a+pCO, 0.969 1 0.007 7 0.984 4
SST+SSS+Chl-a+pCO, 0.970 2 0.007 4 0.9850

A HL TR 25 R E (LR 4) , BP # 28 X 45 .
LI Y 2 K pH B S B pH i 22 AR /)N, i
T SST.SSS.Chl-a.pCO,iX 4 > H Y T AR A1) r
1551 0.985 0, R A58 1) T30 45 S -5 SEBRAE 1) AH ¢
PR AR A ORI, R E @ LR PR 2
137K pH A B e Ad: BP 11 22 R 45 A 7

3.3 L4 EIFN BP 1142 W 4R 45 BY X+t
WX} R A F AR R ] DL K B, Bk

PE [ A5 B R2 > 0.959 0, A5 T30 {8 5 BL 52 (B A
RMSE 4 0.008 4 .r 4 0.976 6; Ifij £ 1 BP #ifi 22 % 2%
R R? 247 0.970 2, 155784 il MK 5 BC 5L A9 RMSE
70.007 4,147 0.985 0, 5 M1 $i5 b KB 3 I A A
BP 1 25 [ 28 A5 1 AL S PR e 1 I A S 7

R T 2D A AR A AR SO IR 2
5 AR I0IE ) 20 000 41 %4l , X b K7 2 )20
KB pHAB AT 24538 P . P A S fE AR A
XA TR 25715 2 J2 1 7K pH A 19 TR0 5 B S (B 1 4
HHEORE (WL S) , AL M A B R AL Bk 2=
() FUL A 305 TR A - | AR 2 T 46 2 1) UL A5 00 SR A T
25 5 oo BP B 5 (o) 45 A5 7R 7 DU 2 (1 400 B AR 2 A
Ifo

PEAk, N3R5 0T UE ), J6 ARV i A 4 1
[] IS 45 780 7 5 2% (1) RMSE . STD . VAR #8278, 43 3]
7 0.006 7.0.006 3.0.000 039, ifii 7 2 Z= 43 % Ky
0.009 7.0.009 3 71 0.000 086, ix 7 W ft fE £& 1 A1 )
BRI AE b PV 1 38 2R 3 FH M Ay, A 22 3E
PE e 25 . oAl BP M2 N 45 M AL TE 4 A F T 1)
RMSE .STD VAR fHZE A K, HAERIEAR T fefE 4tk
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K14 BP L 45 AL 50 E
Fig.4 Validation of BP neural network model

KI5 Sk P Iml 5 fef BP 22 16 2% pH s gl AU ) 2= 3 3 I 1k

Fig.5 Seasonal verification of pH reconstruction model based on optimal linear regression and BP neural network
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Tab.5 Seasonal verification of optimal linear regression and BP neural network model

i RMSE STD VAR
$” S es| BP i 22 [ 4% e EpE| BP 1 25 [0 £ 2Pk E BP i 25 [ 4%
H 0.008 2 0.004 9 0.007 7 0.0037 0.000 059 6 0.000 0138
3 0.006 7 0.004 2 0.006 3 0.003 3 0.000 039 3 0.000 0109
Tk 0.007 4 0.004 2 0.007 3 0.003 2 0.000 052 9 0.000 010 4
ES 0.009 7 0.004 7 0.009 3 0.003 4 0.000 086 2 0.000011 6
b A0 S 5% BB R4 19 — 2 . MIDORIKAWA
4 i SO TR AT PE P 25 a it ] B3k pH )

4.1 REBKpHER ML E 547

FIZ MK pHAE IR T % CO, 520 A1, 13 /K R
RS R VAT CE R R | BT
W B R JE i~ 77 ¥ 3h (El Nifio-Southern Oscilla-
tion, ENSO) A2 3T 5% 7K A4 1) i A 2548 1T BB 2 g 1 1R
TR X iR A SCREH SST . SSS . Chl-a,pCO,
GESHAENBRE AR . X e dg bR n iz A
A5 Akt e mT 1 (DL IEL6) L 2R 2 7K pH {5 pCO, .
SST i AH5, 5 SSS. Chl-a S M IE A& , X 5 H

A A R B B, pCO, Mk 4 =y , 65 7K pH {ELERAIR
BATES 451 RAVEN 25 B2 H g /Kl [ 19 22 fh 255
T KBS CO, RYRE S IATTSUE /K pH AT, B4 7K
T I K PG CO, kI b, pH AT R T >4
KR AT pH B Z T B . BATES S50 3R B 46
FEXTE K pH [RIREHAG F 2, ALK PSR K 1Y pH
A5 B IE A DGR AR . ZEEBE™ | 1 fF 5%
U4 R BEAE S Bk R £ Ak 27l 1) — A R T
SXPEK pHAE =4 — 2 52, DENG 55T &
PRIEEK pHIE S Chl-a £ B E AL R,

16 1993—2018 417K £2)2 pH H (5£4k ) 5 pCO,.SST.SSS . Chl-a iz ] A8k i £k
Fig.6 Monthly variation curves of surface seawater pH(solid line), pCO,, SST, SSS and Chl-a from 1993 to 2018
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BI7  J TS BP LAY 2016 4EAb AT 2K pH 431

Fig.7 Distribution of surface seawater pH in the North Pacific

in 2016 based on BP model
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PH (B AR il 7=, 8 3 DU) 52 B30 o R g A g k38 )22 ¥
K pH B B v el vy AU B e . X — 45 R S
TAKAHASHI 468 2L -F GLODAP (Global Ocean
Data Analysis Project) ,CARINA (Carbon Dioxide In
the Atlantic Ocean) #1 LDEO (Lamont-Doherty Earth
Observatory ) % i 5 i pCO, . TA Fl4E 32 £h 1k B B4l
AR 2005 4F 2 H #18 A U V-V e MR pH
(B A B FEAR L (LI 9) , it — 20U T 361 SST .
SSS.Chl-a.pCO, 41> Z 4 37 1) BP #2225 574 ]
FHEAIRTVERIZK pHEZ 1T
422 5 CMEMSHdExt kb

P10 R T A ST i A4 BP 41 25 9 45 455 TR o
IR FPER IZ K pH (E 5 CMEMS 77 i pH 2Z 1]
M 2EMH o M EH AT DL& B 5 iR 22 4F 0~0.02 2
], v 22 S 350/ IN 1 DX I, T e T e, 22 R R
P14 DX 38 A7 T 30 Vg 7 35, 3 10 W AR SCHE ST Y B BP
22 X 28 A5 AU LA — 5 1 2 ] 3 P, BPSE S T
FF IV T A 30 VA YA Sl ) FH PR A 3 25 . X A
255 AT RRYR I R S 2 B Ak 2= AR ik
e, RJZMEK pHEER T 52 AR5 3 1) SST . SSS |

€18 20054F 2} F18 H AL K V-2 21K pH 431
Fig.8 Distribution of surface seawater pH in North Pacific in February and August 2005
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9 200542 H F18 H AL A 217K pH 434 (Eidls R I - hittps://www. Ideo.columbia.edu/res/pi/CO2/)
Fig.9 Distribution of surface seawater pH in North Pacific in February and August 2005 (data source:https://www.ldeo.columbia.
edu/res/pi/CO2/)

10 JT BPHEIL CMEMS = i) 2016 4FJL K F-FE &
JE K pH 25{H
Fig.10 pH difference between BP model and CMEMS
products in the surface seawater of North Pacific in 2016
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WUARL , 43 591 55 A BiF 5 08 B 004 B 45 2R E 47 X e
KEO 3 1) 48 % 52 i £ 4 B 3 2001—2002 4F- , 2005
—2011 4, CCE1 uf Ht H 2001—2004 4F | 2010—
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2012—2014 4F , XF e 45 S UL IE 11, KEO uh i A pH
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i i A pH (n=37) =0.022 6 + 0.013 5pH. #f 5% %
W], KEO ui 9 A pH f% /Iy , H Ik J& CCEL 3k il
Kaneohe ¥ . CCEL ¥4 TIRERZH %K, &% 2

11 KEO.CCEL.Kaneohe i pH S {f 55 i {f = ] )
25
Fig.11 Difference in pH between predicted values and
measured values at Station KEO, CCE1 and Kaneohe
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Reconstruction of pH value of the surface seawater in the North Pacific

WANG Jie"?, MAO Jingjing', LYU Yangyang', WANG Jie', LUAN Kuifeng"*
(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai Engineering Research Center of Estuarine and
Oceanographic Mapping , Shanghai 201306, China)

Abstract: Based on the data of sea surface temperature (SST), sea surface salinity (SSS), chlorophyll-a (Chl-a)
concentration and carbon dioxide partial pressure (pCO,) in the North Pacific from 1993 to 2018, a prediction
model for the pH value of surface seawater in the North Pacific is established using the traditional linear
regression and the BP neural network algorithm. The results show that the two methods have good consistency
for the reconstruction of the pH value of the surface seawater in the North Pacific. The linear regression model is
of the best performance based on the parameters of SSS, Chl-a, pCO, , and the BP neural network model is of the
best performance based on the parameters of SST, SSS, Chl-a and pCO,. Comparing the root mean square error
and fitting coefficient of the two best models, it is found that the BP neural network model is better than the linear
regression model. In addition, the applicability of the best BP neural network model in spring, summer, autumn
and winter is much higher than that of the best linear regression model. The pH value of surface seawater is
affected by many factors, which shows a negative correlation with pCO, and SST and a positive correlation with
SSS and Chl-a. Using the best BP neural network model to reconstruct the surface seawater pH value in the North
Pacific, it is found that the prediction results of the model are in good agreement with the existing research,
Copernicus Marine Environment Monitoring Service data and the measured site data. The pH value of the surface
seawater in winter is higher than that in summer with the overall trend being higher in the northwest and lower in
the southeast.

Key words: linear regression; BP neural network; surface seawater pH; model ; reconstruction



