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Abstract: In this study, a random-forest-based model of atmospheric CO, column concentration over the

South China Sea was built with the data of chlorophyll-a concentration, instantaneous photosynthetically
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active radiation, particulate inorganic carbon, particulate organic carbon, sea surface temperature, wind
speed and wind direction, which were from multisource satellite remote sensing data. The accuracy of the
model was verified by the data in 2020, with Bias being 0. 27 ppm, R’ being 0. 59 and RMSE being
1. 00 ppm. The results show that the atmospheric CO, column concentration in the South China Sea pre-
sents obvious seasonal characteristics, with the highest value in spring, followed by that in summer, win-
ter and autumn in sequence. Moreover, the main impact factors for the seasonal differences of atmospheric
CO; column concentration in the South China Sea vary with time. In January and April, it is affected main-
ly by wind direction. In July, wind speed and wind direction are the two major impact factors. In October,
sea surface temperature is the major factor. This method established based on the multisource satellite re-
mote sensing data can realize the high-frequency and full-coverage monitoring of atmospheric CO, column
concentration in the South China Sea.

Key words: the South China Sea, random forest model, atmospheric CO, column concentration, estimation

model, seasonal variation characteristic

5 "

Tl s iy DA s Ak A RRE R 45 T L AR AR AR A
o R A R O TR 205 T M BR 0 B O 26 3ok
B RAH CO, YR BE N b T T 28 48500 I ) A o
KBS % (Tian et al,2016; FR4E4E,2023), K
TR R A AR A HERE A LG T A Y gk
IR & TR B T Bk 0 e R R H AR . FE
H s i SE 30 F b ME A 3R KArh CO, & it OH:
AL B R

KA CO, B B3I ] 43 Sy b 56 F 23 B2
Pl . HERRIN 77 vk EA A e ORS B2 L A0 4 Bk i
FE S A3 08 % ( TCCON, Wunch et al,2011;2015)
SR A R R L A i S A O R %
AIEAT CO, \CH, 85 22K (kS %5 DU i, H LB 2
i i BICE D A A BRG] N A B 43 A TE i R B K
XIS KN CO, Yo s, =8 FHmm— ik
RHETHRELHTRARMEEHENY DA, A
AR B S AR TR GOSAT #il GOSAT2, %[
F LA BRI T A OCO-2 #l OCO-3, & H ik T
B i A S (i ek pR 4§, 20215 Schneising
et al, 2011; Crisp et al, 2017; Hakkarainen et al,
2016 ; XB 2 {45, 20205 [ 3T 45, 20105 &5 B I A
B . 2022) o ) G5 A 04 I 21 A1 B B R
CO, HATIRM , e KA s R E TR 1 ZE i iz 3 A
AT AR N BE 7, H R R P e T
e FE A VDT A o S L H A R s R

& SRR PR X KRR CO, & & 3 £

SR JH W B S T v R 4 ST A% i O R UL SOl
PRI R R R A R R 45, 2021) . RS
CO., TR TZAKEHEmI, E 5 TRy
3 CAE A AR FIRAE ) A BB UICR
Yy 1% 2 3z 2 5T 1 TR R A5 R R e O JR 3L 4%
2022), WL, KRR CO, 5 FTRMmAEYRIE. F
BE VIR BRI B SE I R A B4 LR (He et al, 2017)
BT A2 P 8 X R CO, iR
M) B 2% i %, 7 S R B KR CO, & 1 [l
FHOCER T AR CO, & hE. 140 Guo et al
(2012) F] F o 43 B 32 iR DG 1% X (MODIS) 1y #h 3%
T EE (LST) H— LA B 45 £ (NDVD) | iy i FR 46 £k
(LAD ¥ 9] 94 72 F3 (NPP) | B4) 9k 1k 72 ) 2=
fi s HEAL 5 GOSAT ) KR CO. HEMkIER £t
LR 11 VA 7 R S 40 B AE 4 BRE ST AS TR [ 05 7 A L K B
N —2.56~3.14 ppm(1 ppm=10"°), ZJ5 Guo et al
(201504 3% J5 ¥ i#F — 25 e BOAS [6) Ay 4t 57 [l )9 56
R OHTREMMEEAERKENG—10 A, WA
4 ) FH b2 46 L Bl DLAR AR (RE) S HL A 2% 2] Jr
Pe L T H R AR, 40 Li et al(2022) BEHE
TP W BE VLATNPP  ZE 8RB A B2 L XL )
U AL 8 A~ 2, R AR BR A 7 ik r 5 R R
CO, HEW [ 52 & . He et al (2023) F] J 7 2
(DEM) | A\ [ % B | £ #b F] I  NDVI, S 4 75 45 B
(ERASD B4 16 T 2 FibL A% 2% 2 7 i (B AL AR
MR R R 25 % R CO, R 1 3 B0 TI0IRS B3 L 45

B B ML AR AR RS B e R . AR R AE (2023) I
NDVI,ERAS . DEM., S ¥ i 2 J5- J3 R b 35 S 3 2%
B R FH P AR R 2 2T D R R CO, R



1544 A

% 550 %

FESEAT WO, HE R SRR T 90 %

R CO, AU BE (19 560 B 7Rl B s (5%
REESF.2023) XMV Fas WO, g —
MERBRE  NRKBET A NH CO, 4F —F
PR A RA T, AR CO, 8 W I (Manabe
and Stouffer, 1993 ; £ & #k Fl 8% 7k 3F-, 1989 ; 7k it #%
£5,2000) X FORA CO, & &5 B BF S0 T 30 4
BRRRCO, BB A EEE L.,
W R CO, MR EE A2 2 < 2 F B R 2L R 52
NG B CO, MR FE IR 23 32 3 fili K 2R 52
J&F 2R E AARL N B, XTI (4 ] &5, L) bl
PLARMO AR LS 7 ) ik R B T 515501t
8] 5 7 ¥ AH B B RS R . AR SR [ T CO,
R Ry BF 9 % 425 R 82 OCO-2 1y KA CO, FE
JE O B i 5 OCO-2 [6) i) i 58 1) 298 TR
T2 R K ASCORIEE v 2 500, ) T B AR ARGV /7 RS
NS HS KR CO, HEMR BE Y 11 5 56 & 78 I 3
it bk BT DR Bl 2 KR CO, AR EE L T I
KA CO, HEUR 5 AL IE 534 o

1 WX 5 5 I

1.1 HIRXEER

B H AT R AT R R A R 2 R ORI AR L R R
M) 2 25 D) 57 Y i 2 XSS ) 9 32 3] Hh 2 AU il 7Y B
TR . VRN IS, B KRR CO, FEMREE
s AR BR T 52 1R CO, g3 I 2250 ma Ab 34 32 Ho A
PR 25 5% 0 CAn B b e = CO, e BE L XU L R L 1 T
TR LK b A B L K SR B Rl 2R LA A
Xof HE 3 5 ) DR 28 A SC BB T R I Y 3 SR A (T
UL 1.3 A0 1.4 O N i A KU .

1.2 0CO-2 %7

EETF 2014 4E 7 H RS OCO-2 TE, ¥l 5
J& 705 km, 5 98 10. 6 km, FF8 3 55 1) 6] 2 3t J7 1)
13:36, 25 [A] 40 ¥ 2. 2 km X 1. 29 km, i} 8] 4 3 %
16 d(Liang et al,2017a), OCO-2 2 47 Efr %
B W TR 2 — . 5 TCCON %48 %F 1o o 8 B A T
1 ppm(Liang et al,2017b), OCO-2 #:4 3 Bk,
B O.A Wi 0. 76 pm, 55 CO, WL i iy
1.61 pm Figk CO, WULHY 2. 06 pm, MR 4EIX 3 ik
Boa] RO KA CO, MR BE . AR SOl 48 3t Ml 25 ¢

1EMY 2020 48 L2 9 Lite 7 i,y O TE B8 79 7T &
M 2 5 BEALAR AR I 5 F0 560 UE 7 B 35k T o b AR
QF=0(Ji & A1) (Liang et al,2017b), K T 5 H
b 328 SRR KRR 1 25 ] 3 38— B0 ) = WROPE A A
K FA 8] 43 BER E R AE E 0. 057 X0, 05° Cly g
FLE AT SRR SO AR TC 0 B AR AT R A T (E
BTl T .

1.3 SEHESITHE

Wi 4 T8 B 44 (EUMETSAT) 43 51 F
2006 4F.2012 4 .2018 = &5 T MetOp-A . MetOp-
B.MetOp-C % T, #if B 817 km, H - #5#k
(1 5 i B I (ASCAT) & — B HA 3 AL
KR C B (5. 2 GH2) i it . ASCAT wJ
Bl 000 o T XU (AR 10 mo) B MK L R 3K
G35 . HDGHESE (2020) FH RE I 77 b ol XU L IR i) 7=
A EAT TR FEAS 56 - 2 26 X A 25 43 51 9 0. 59 m -
sTUFI16.23°, A SO Y J& MetOp-C A 2020 4
0. 2575 [A] 73 BES 1 IS A6 H 7= 5 36 B0 1o XL
JIaL 2 A SH0, = UORE S5 4 (8 120F L 23 (/] 43 B¢
LHERFEE 0. 05°X0. 05°, L5 H A 3% BB 1 25
0] 53 B3 — 5, MetOp-C B B i 55 if [8] Sy Hb 75 b
09:30,5 OCO-2 4l B id A 25 249 4 h, A SR %
KA CO, B e B A 3 B B[] P 119 728 16 7T 22

1.4 MODIS 7= @&

TR B 77 5 (SST) < ad B B[R] S 1 K, %5 [
Sy HER A 4 km, B35 BRI SST A8 0 35 5 i i
T 0 AR S E 1T 5 0 TR T A ) 1) IR I
HVERM. AR a W H 77 5 (Chl-a) - i S0 ]
RSB PERN 4 km, B35 2B R E a ik
JIE 1 1 ARG 5 K R e T 0 A 0 A R S B DL BOK R
358 I 5 S R AR O L T DAAE — 58 AR B b S B K IR
BLCh 745, 2003) R IO A A sk ST H O R
(IPAR) s 550 0] Ry (1 K, 25 A 40 HE R N 4 km,
4 TRV 5 U R A W AT A B e b T D ol ik B
(T AT 6 A VR 12 08 B 1 KBRS 8 Bk o e
A S5 S 5 R 0 3 I A 3K X O AR R AL ML R
R A K I A A 2 BE i, et AR S iRl CO,
K CO, 4y A4S b, BORLA HLBKk H ™= 5
(POC) : 3 B[R] 2 (1 K L 45 (] 43 B 4 km, B 35
A BRIFVE s HE K CO, 3l 3 Z0OGJE T I AE 9
(056 A5V B 1 A A A 10 SR A DL . 35 2 16



%12 )

JE 95 14+ T WML AR AR B 114 3 1 R CO, Ak B A A58 0 A s R M AG 36 5 g 1545

TR POC TUREAR A 1 T8 2R W) 28 1 T 22 4R 43 - 32
AT — AR [ B AL 5 O 2 IR AURL A ALk 8
REf% AT B B % Vi ] fe 200 %, UKL TG ML B H 77
(PIC) : i B f (8] 2 1 K, 25 ) 43 BE %y 4 km, 8 35
ARV s PIC Blh oy 2 R AR W 7K v A 35 7 i Y
TR TR VEORAA A A v A 2 E SR R A
77 R IR A 7 s AT ORYE 29— 2R A ik
MR ERUTRR B A0 35 0 BT R o 76 TV Bk 0 BF b 4 T
HEEENMAA,

LI E MODIS 5= 5 280 F 3. B https: // ocean-
color. gsfc. nasa. gov/, B3 if [a] 2y 2020 4, fifi f§ =
U A (A 7= b B R B2 0. 057 X0 057,
MODIS/AQUA T At Jt B iy 3 552 i 8] D 3 J7 it
13:30, 5 OCO-2 FH#Huid Bi i AH 22 29 6 min, 7£ 1t A
BWRA CO, 1k B 7R 3% B [A] Py B W 2. A8 4k

2 MBIk

2.1 BEHHRHRE

Bt B AR RS 7R S — ol i T D SR AR R I L 2 2
SEVE AEXN ZER KB & IR AR )
KA OCH AT T e 52 2% 14 3 28 A0 [ U [ 2L
T iZ (Breiman, 20015 F 7] > 48, 2021 ; #7 5% 45,
2021), FEXTRE B RS CO, Bk BE /Y T of , B AL
FRMOT AR LA AL 5 2% 2] Jr i BOR T 3 & 106G
J (He et al,2023) . FEMLERAR A [ 5 AR 20 8 1
BLELA T8 18] 1 0 ¥ A8 I 0a i 1 2R 56 vh il e 2/3 91 2k
S S MR A BB R A A DR SRAR  JITE L TR R
R STBUE Fag G XTI FE2 g ORiTRIEE NP O RS
BRI SR B b iy 1/3 0980 E Y i 4% Hh %k
# COOB) , AT LA JH K PFAG B 4 22 /Y 455 208 12, 1D
OOB F#fikE & 2k,

2.2 BB

Bl AL AR AR L X i | KA CO, HE VR B2 1 Al 5
KB B OCO-2 T3 W B A S L AT A 56, B
TRFEBR P RBU(R) i 22 (Bias) F1¥5 7 iR 1% 2
(RMSE) . i 75 T 545 Y iy 35 J5 12 25 (MSE)

Sy, - X
_i=1

Sy, - X
i—1

R =1

DI, — XD
Bias = L
n

RMSE = |4 37 (X, —v))*
i=1

_1x BT
MSE_n;m Y)

A Xi o8 OCO-2 TR KR K CO, HEHRE .
XX, WF3ME Y, S 2 2o B AL AR MO B A 3 Y
KA CO, HEWEE . HA7N ppm,

3 HZERSITE

3.1 BENHZHERELE

B B AR PR TR T 25 RO S E L O
JE W B R B H L 4 ) E 4k 5.10,20,
50.100.200.500, B (95 B k1~ 200, H 54 4 78 11y
MSE, Z53RWE 1 R, 4ot F58Hh 5 5 10 B
MSE i A % fe 1% » A SCHUER AR 19 5008 55 4B
fI%0H A E) 80 i MSE Ab T /NI A R4 58 . Bl
PR AR % H 2 80,

3.2 HERBERIE

BEHLIEHK 2020 4F 4/5 B9 B 1y BB HL AR bR
BRI ZR Be - 1/5 09800 A o 36 ik i dl 46 - 58K
Paie hy 1774 4545 BEHLAR MRS 15 0 BEAS B A oK
B UESS RANIET 2 Fr7n o oy AT 36k K 4R 1 52 P
KA CO, M E A AL [ 290 407, 4~414. 7 ppm,
Wit B R ARRE R ) Al S [ 0 410, 0~413. 6 ppm, 5

1.8

1.6
1.4
1.2
%1.0’

0.8

0.6 f|
0.4\

0.2

0'00 26 46 (;0 86 160 150 140 160 1éo 200
% H
B1 Rl EORAR B 8k B AR AR R MSE
Fig.1 Model MSE varying with the

number of leaves and trees



1546 /“:L % & 50 &
e TR BLA 0. 27 ppm 07 i 5 £ 5 B CO,
sra B Ve JE A X 1746 75 6 B 0 2302 — 2 PR o

E 413 R CO, FEWRPETE 413 ppm B T I A5E 7Y 1) A J3E AH X

%*\;: 412 e, BIEIE) R? R 0. 59, RMSE H 1. 00 ppm,

% 411 Guo et al(2015) il |25 CO, F1 Uk B2 Al 545 B2 (R®

5 7 0.00~0. 59, RMSE 4 1. 17~1. 79 ppm) ¥ #,

A Bt S PR L CO, v HE4F 025 1L IR I 55 T K

B AT BT
0 AR A4 .7 A0 HIERNAF B
a0 B ST BRI O TR R T 50 0 45

407 408 409 410 411 412 413 414 415
OCO-2Ulk & /ppm

Kl 2 milERA CO, FEVR BE BE AL AR AR
AN S5 30 ik
Fig. 2 Scatter plot for accuracy verification of
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column concentration over the South China Sea
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Table 1 Accuracy verification table of random-forest-based model of atmospheric

CO, column concentration over the South China Sea in different seasons

LD B B e Tk
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Fig. 3 Seasonal distribution of atmospheric CO, column concentration by (a) OCO-2 and

(b—e) random-forest-based model over the South China Sea
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