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Fig. 1 Space contribution of observations in Atlantic
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Fig.2 Numbers of observations in Atlantic in time serial
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*2  HEBEXRR

Table 2 Source of ancillary data

el Lietm Sl Bndes =R EeE
TR MODIS Terraf£/ga} SST 0.041 7°x0.041 7°
A E ECCO2 Cube92 SSS 0.25°%0.25°
MLD
GML CarbonTracker CT2019B  xCO, 3°%2°
A e ERAS PR H B0 SST  0.25°x0.25°

Ui



https://oceandata.sci.gsfc.nasa.gov/directaccess/MODIS-Terra/Mapped/Monthly/4km/sst4
https://oceandata.sci.gsfc.nasa.gov/directaccess/MODIS-Terra/Mapped/Monthly/4km/sst4
https://oceandata.sci.gsfc.nasa.gov/directaccess/MODIS-Terra/Mapped/Monthly/4km/sst4
https://apdrc.soest.hawaii.edu/erddap/griddap
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels-monthly-means
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels-monthly-means
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels-monthly-means
https://gml.noaa.gov/aftp/products/carbontracker/co2/CT2019B/molefractions/xCO2_1330LST
https://oceandata.sci.gsfc.nasa.gov/directaccess/MODIS-Terra/Mapped/Monthly/4km/sst4
https://oceandata.sci.gsfc.nasa.gov/directaccess/MODIS-Terra/Mapped/Monthly/4km/sst4
https://oceandata.sci.gsfc.nasa.gov/directaccess/MODIS-Terra/Mapped/Monthly/4km/sst4
https://apdrc.soest.hawaii.edu/erddap/griddap
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels-monthly-means
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels-monthly-means
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels-monthly-means
https://gml.noaa.gov/aftp/products/carbontracker/co2/CT2019B/molefractions/xCO2_1330LST

150

MHEEd 4545

products/carbontracker/co2/CT2019B/molefractions/xCO2
_1330LST); LA b %4 Bk MODIS SST %45 #h 24 1 F f¢
BRI LMEAR(E L RAE 2 0.041 7°%0.041 7°53 %, SSS,
MLD. xCO, H %4 H ¥4 iy H 2. T
MODIS % #& #2 45 T 2000 4, CarbonTracker CT2019B
P AT 2 2019 4%, DA g A BIF 5T A I T Y L Ol
20002018 4.,

3 WOk

3.1 XGBoost & HY

AWF 5 F H XGBoost 155 7 ¥4 3 ¥ 7K 3% )2 — A4k
e 53 e 5 22 D5 R AR B0 e =2 ] B Al 4 M OG 28 Si 0 1 )
Y. XGBoost #5151 AL 27 > rh B oy > A
T B2 B Y SRR, G 2 FRIE A 2 A R R
H4 T TN 245 SR AR I LA T e AR o AR g —
A BEEBIRULS Y02 b — A SRR RY A 5k 22, B Tt {8 AR
FLE AP R pREL . (R, THEE b —BRA 4 2 R Y
B BEAE BT A R AR, AP AR R GE 2 25 1Y
KN HIK, XGBoost #5881 i 82 1 T FEAKLHE | #i i
FRAE27 ) RT3 $005 S m, I 38 ok IR A7 O0 Ak . 22 b ik
FRFNAZ AT R R iy 1 AU B I RN 30 5%, 3
FH T 15 25 1) 43 HE 3 R K 32 )2 A A o3 e 1 KA
AV E I A I RE 05 A R0 X i RS R A k2K 1Y
THOL o X TEAE n MR m DRI E D =
{(x, )} (=12, n), b x; (x€R™) RIRFEAR A HF
TEEA, » (WeR) RIRFEARIRZAE . XGBoost 117 i
KA AR T 1 ik A R S 3 F i -

V=e)=) A, fieF, 4

A, YRR AL A BN AF; K 3R R R R A B
FFRTRHE kAR ; F R R SRR B R as [l o
Ao e TR (1 00 9 Afy S 4 g O oAy R Rz AL g
71, % SCHAR R L) N

L@) =Y 1oy)+Y_ Q) (5

o, 100y TR A | MREA B TR 225 QUOFR R E
k MRREALSE I B2, E U

Q(f):yT+%/lZw§, 6)
A, TR MY S EG w, R 0T R 2 4K
YA A 7R ST A T R A R R A A i
7 (A AL S5, LA bR B b b HEAT TR A i
5 ¥ AT
BEAb, 25 18 B B SR 4 P A7 7 I RE A AR (R A

PE 5] {8, XGBoost £5 8 5% HI 17— Bk (19 4b 356w, HD
FEAREA Y 0538 B AR B A B T ), O 5 R B AR
fIE— 2 2 50 IF EICHE rb 2 ) e e, £ 1 Ab 3
L&
32 ETF XGBoost BRI B ZE N PWRIBAKREZ

ShHmoELRRRE

ABIE S Rl A 18 I AR P T 2 R B, 1254
MK R R ALK 3 e 5 RARHE R T . N AR L
R A A W A 3t R 2R (R 2 G Bk, R g 45 ) 4
B N NUITRE S S - %) = S = e a0 8 S o TR 0
g2 S

(DM ERAEARBAELE . 1B IE SOCAT 4 kit
JEE HE 4515 B K K2 AR o UL BE AR, R
FH SOCAT 7E 1°x1°H ~F- 24 4% [0 5 415 48 v 42 i 4k i 47
TNECE- 2409 75 35 R 47 A& 4645 2] 0.041 7°%0.041 7°
TK 32 A AR T REAS I AR e BT AAS R
YRS B I 540 ) 1] 3 B 4 T A AR ROR 22 8, 1
& BRI PN 18 00 - 20 H O 1) 1 B R (] 3 B SRR A
YR 45 2R, 3 B — 8 A 25 o B TR B I AT
YA 1 5 08 I A BT P9 465 5 T Uk %) BT A U o B 10
11734, P B WO - S AT 50 0 . A
I, )G B ] 23 B SR AR AR R 22 0, AT 44K
SR BB A% AT BB B AN [ A0 U A UL 5 48 4 A A ) ) AL
B BRI B4R AE L H L 0.041 7°%0.041 708 [ ]
G FRARE Y (r AR AT S, ¢ IG5 ),
P BRI SR N REAR R B Y C ST oy (Y | j=
(1,2,-,0) %, W -y ml = (7). 2 (8) 5

y"""””"’c — Jj=1 , (7)

Y, ==

J

FEA A B 22 DEFC 2 H EE 0.041 7°%0.041 7°45 9]
FIFRUEZE Jy 1.78 patm, 5 SOCAT 1°x1° /4% 2 i Il b
#HE2 4.9 patm® H H AT BT B, 00 BH 7 5 45 8] 43 B %
U E A XA A T B R AR 25 TN R . H AR
W UL 4 T 5 B SR AR Z 0.041 7°%0.041 7°)5 B KL= |
T TS D B S 30647 23 [RI D T, Jin A 2826 3
VE g 23 (B RFAE, A 0V by B [B) REAIE , 75 21 RE AR Re AE
o I, FEARFREAE A 106 J7 255045, LA 8 - 211
LU A K 5 BB ATL R 43 S N 2 4 A 3 4

() Z R IR R B . T B Hor i 5
BB i 28 oy BERE R 22 5, IRl FOoRAE L B

V€Y, (8)


https://gml.noaa.gov/aftp/products/carbontracker/co2/CT2019B/molefractions/xCO2_1330LST
https://gml.noaa.gov/aftp/products/carbontracker/co2/CT2019B/molefractions/xCO2_1330LST
https://gml.noaa.gov/aftp/products/carbontracker/co2/CT2019B/molefractions/xCO2_1330LST
https://gml.noaa.gov/aftp/products/carbontracker/co2/CT2019B/molefractions/xCO2_1330LST

3 ERRANAE: AR K R B A A TR — LUK T VA 4] 151

J7 - 55 i A B 5 — & H RUEE, 0.041 7°%0.041 7°
YR, UK, B X i K TR A7 A% SR PR S S A
o 4 KA R 5| A B ik ) B, R XG-
Boost 15 51 4% Ji 1 R % s 4R AU A 1 SR, H 2% i 3
Vi 3 T T B X T K )2 R AR o TR LA R B
R B0, F) F ERAS B9 4> 7 35 152 Fr S %
MODIS 4 i 2 T8 Ik B $0 0 #E 17 {7 BRkb 4>, DASR &
4% S 1) 7 o P RORS A B

) YN AR TERIAL R T FREA B £ )
25 LAY AN 5], AR 1o RUEE T S 57 i 25 A R A A A
YIS 0 °F ik o T R UL I B HE SRR AL A
1ox 1A% P 43 Sl F R AL e, i L 10x1oA% ) il
Gy FRARAE Y Y N AR AR ) 23 T AR pR AR
B N REAR AN B 5 2 SR B IR K 3 2 ARk 1 A 0
PR ZT AR AR, BRI R AR T 7R X R H
) E s A e, B

Wa,mon,r.c —eX W:rp/;xf::m X Wili;::lcmt,r,(‘ , ( 9 )
1
e — ¢ yramonre ( 10)
space count(y;)’ Yi
pplmon; o 1 ( 11 )
time - count(Y’m"”~’-“) ’

S, werms Sk BE S 2 5 BT N RE A BB s win el
B0 2 % B T0 AR A 1 23 ) B 5 wind™ " Oy E g 221 5
BATL N REAS B I (B ASCER 5 & 0 ASCE 45 T 2R

(OMEIFPCACRER oy P e A LI 2 R AN
JEE, 38 5 P A A 10 AT P X R A 2R A T O
Moo T 3 SRR VR K I R B 4R F 2k o
10 17y, B UOR 100 7R S e 4E 9 34 I 2R A1 25
XGBoost 15 1, - {if JH] o0 A% 48 % S 8L 2 B A7 1
b, i i v LR AEAR 0L 5 B2 B A ¢ R 8 R D IE A
PRI A AR IE o X T ESAE (0 S BUNAE (P,
Paveeapat, PR R B Rty [B1VTF-J5 F1- 5 8 1A B8 B 22 Y
i s e, B

>G5 Y-

R == =1--= , (12)

D03 D)

2o, 53R B T AE 5 3 o p i [ UF 5 R
HI%: =a+bp:, f IR/ = T 16T fi 4

27\:":177 (13)

a=y,-bp, (14)
BT 2 000 2 I, AR I K 4 6 AR TR A A R

o Bx R A, $J5 AR 1% 25 (Root Mean Squard Error,
RMSE). - {2 ( Average Deviation, AD) t1 ¥ 1}y
6 A RORS W B ( H5 F5 o

i - Pi)2

i=1

RMSE = , (15)

n

ib’i‘]’i'

AD= = ) (16

n

(5) 1] JFH ¥4 A5 R0 J2 38 2000 4F 5 2018 4Fiff 7K 3%
J2 AR T R AR o T 2P LA, R xCO,
HEAT ARAL IE ™ 45 31 KR A Bk 41 HepCOL™

pCO™ = xCO, X (1 - pH,0*"), (17

pH,O0™ = pH,0™" x exp (—0.018¢m;) » (18)

A, pH,O™RIR 7K 28 18K ; pH.O™ K IR 4l /K 7874

J 5 mue 7R R ) L ) ER B2 5 o RO MK B8 R AL
TEIRE A T(K) By 47K .

T.
pH,OM™ =P, x exp {?‘ (alﬂ+a2ﬂl'5 + a9

+a,9% + a9 + aﬁﬂ”)} ; (19

A, T.=647.096 K; 9= (1-T/T,); P. = 22.064 MPa; a, =
—7.859 517 83;a,=1.84408259;a,=-11.786 649 7;a,=
22.680 741 15 as=-15.961 871 9; a,= 1.801 225 02,

TE 25°C Mg K.
31.998SSS

™5 = 7000 1.0058SS’ (205
¢ =0.907 99 — 0.089 92 (%) +0.184 58 (%)2
—007395(%;)3—000221(2?)f QD

RGBSR EHEEHR, HY 0C<
T<40°C I HAE A/ T 1%, PIAERT 58 200 1
WA

4 SLERER

4.1 XGBoost 18I # &

A5 7R Y 25 19 B 4 5 5% O GeForce RTX 2080Ti,
1E & %i 4 Ubuntu, i 5 P45 4 Python 3.9,

TIN5, 5 B Bsf 1] 0 25 (] S0 BT A R AT AR AR TR v
B AR 53 FAE A 00 R AE YRR AR Ay D 0 s o O 2 o 2
PEBAR AR AEBL 2R, Sy dht G I 25 1 Bl AL, B2 W T
DRSS ERE S R SRS TR AU 3
a V& BE Ry 52 g K R R AR IR R B R, &
LI LR ZE a VP IR IR MO B AR BE 24 e
k. B3 H iR AR PR A R AR by 1 U1 25 R AR 4



152

MHEEd 4545

FEE /107
: g g by b > By
(=] (=} (=] (=] (=] (=)
SST

—
(=]

(=}

SSS I
xCO,
uy, —
MLD .
@,y 665 nm IEE——
R, 665 nm IE——
ay, 510 nm
by,_412 nm
ay, 490 nm —
@y, 560 nm —
R, 510 nm E———
R, 412 nm I———
K, 490 nm
R, 490 nm ———

ag, 412 nm ——
apL412 nm I—

g g g g g

EEEE®WEEEEEEEEEEEEE
mauocmXcocoommoomooomo
IS I 2 EREERSTIESTLIA
44 dd=s 44 dddddlddddd
FE 2 228D Bpf 2 8 82833
SIS AN SIS I TR I Q9 T 999 3 59 T 3

Bl 3 W R B R AS AT B 2

Fig. 3 Feature importance of pre-training model
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Table 3 Verification of model for ocean area
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Fig. 11 Obeservations and reconstruction result of sea surface pCO, in Atlantic (red points present for obeservation samples)
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Fig. 12 Reconstruction result of sea surface pCO, in Bahamas sea area (points present the Bias)
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Reconstruction of sea surface pCO, with high resolution:
A case study of the Atlantic Ocean

Wang Xinyi"*?, Wu Chuyi"*?, Wu Sensen"**, Chen Yijun"*?, Du Zhenhong"*?

(1. School of Earth Sciences, Zhejiang University, Hangzhou 310027, China; 2. Zhejiang Provincial Key Laboratory of Geographic Informa-
tion System, Hangzhou 310030, China; 3. Department of Geographic and Spatial Information Science, Zhejiang University, Hangzhou
310027, China)

Abstract: Ocean is an important carbon sink in nature. The sea-air carbon dioxide flux is usually estimated by the
difference of partial pressure of carbon dioxide (pCO,) between the atmosphere and the sea surface. Due to the im-
balance of observation data on temporal and spatial distribution and datasets used for prediction, there is still large
room for improvement in spatial resolution for present reconstruction of pCO, on sea surface. In order to fit the tem-
poral and spatial variability under high spatial resolution better, based on the sea surface fugacity of carbon dioxide
(fCO,) observations of the Surface Ocean CO, Atlas (SOCAT) and other multi-source data including remote sens-
ing data, the nonlinear relationship between sea surface pCO, and physical, biological, optical factors was estab-
lished by a XGBoost model and a weight model was built based on spatiotemporal frequency of samples. A
0.041 7°x0.041 7° monthly sea surface pCO, dataset in Atlantic from 2000 to 2018 was finally constructed with cor-
relation coefficient of 0.966, mean squared error of 8.087 patm and mean error of 4.012 patm on prediction dataset.
The reconstruction is highly consistent to other similar reconstruction results on temporal and spatial trend and also

gains advantage in spatial resolution.

Key words: sea surface carbon dioxide partial pressure; remote sensing; high spatial resolution
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