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Figure S1. Scatter-plots of the in-situ validation results for CAMS-EGG4 (left), GOSAT/OCO-2 (middle), and fused results (right) on
bremen01. Black dotted and red full lines stand for the 1:1 and fitted lines, respectively. X: TCCON data; Y: CAMS-
EGG4/GOSAT/OCO-2/fused data. Unit: ppm/ppb to XCO»/XCH,4 for RMSE, u, and o.
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Figure S2. Scatter-plots of the in-situ validation results for CAMS-EGG4 (left), GOSAT/OCO-2 (middle), and fused results (right) on
burgosO1. Black dotted and red full lines stand for the 1:1 and fitted lines, respectively. X: TCCON data; Y: CAMS-
EGG4/GOSAT/OCO-2/fused data. Unit: ppm/ppb to XCO»/XCH,4 for RMSE, u, and o.
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Figure S3. Scatter-plots of the in-situ validation results for CAMS-EGG4 (left), OCO-2 (middle), and fused results (right) on
easttroutlake01. Black dotted and red full lines stand for the 1:1 and fitted lines, respectively. X: TCCON XCO,; Y: CAMS-EGG4/0CO-
2/fused XCO,. Unit: ppm to XCO, for RMSE, u, and o.
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Figure S4. Scatter-plots of the in-situ validation results for CAMS-EGG4 (left), OCO-2 (middle), and fused results (right) on eureka01.
Black dotted and red full lines stand for the 1:1 and fitted lines, respectively. X: TCCON XCO»; Y: CAMS-EGG4/0CO-2/fused XCO,.
Unit: ppm to XCO; for RMSE, u, and o.
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Figure S5. Scatter-plots of the in-situ validation results for CAMS-EGG4 (left), GOSAT (middle), and fused results (right) on
fourcornersO1. Black dotted and red full lines stand for the 1:1 and fitted lines, respectively. X: TCCON data; Y: CAMS-
EGG4/GOSAT/fused data. Unit: ppm/ppb to XCO,/XCH4 for RMSE, p, and o.
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Figure S6. Scatter-plots of the in-situ validation results for CAMS-EGG4 (left), GOSAT/OCO-2 (middle), and fused results (right) on
garmischO1. Black dotted and red full lines stand for the 1:1 and fitted lines, respectively. X: TCCON data; Y: CAMS-

EGG4/GOSAT/OCO-2/fused data. Unit: ppm/ppb to XCO»/XCH,4 for RMSE, u, and o.
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Figure S7. Scatter-plots of the in-situ validation results for CAMS-EGG4 (left), GOSAT/OCO-2 (middle), and fused results (right) on
hefeiO1. Black dotted and red full lines stand for the 1:1 and fitted lines, respectively. X: TCCON data; Y: CAMS-EGG4/GOSAT/OCO-
2/fused data. Unit: ppm/ppb to XCO»/XCH4 for RMSE, u, and o.
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Figure S8. Scatter-plots of the in-situ validation results for CAMS-EGG4 (left), OCO-2 (middle), and fused results (right) on izana01.
Black dotted and red full lines stand for the 1:1 and fitted lines, respectively. X: TCCON XCO»; Y: CAMS-EGG4/0CO-2/fused XCO,.

Unit: ppm to XCO; for RMSE, u, and o.
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Figure S9. Scatter-plots of the in-situ validation results for CAMS-EGG4 (left), GOSAT/OCO-2 (middle), and fused results (right) on
jpl02. Black dotted and red full lines stand for the 1:1 and fitted lines, respectively. X: TCCON data; Y: CAMS-EGG4/GOSAT/OCO-
2/fused data. Unit: ppm/ppb to XCO»/XCH4 for RMSE, p, and o.



karlsruhe01 (CAMS)

416}
414
M2}

=
o

e
(= =)
D @

CAMS XCO2 [ppm]
2

EN
o
N

400

N =620
R2=0.89

| RMSE = 1.747

1 =0.027
o=1749

® Data points
e )

Y =0.98"X+9.46] |

405 410 415

TCCON XCO2 [ppm]
karlsruhe01 (CAMS)

1890 | N =731
R2=0.7 .
1880
RMSE = 13.688 % .
18701 ,, = 7.336 w5 5
1860F 0=11.564 o+ 5,0 0y " -

L "",!‘ L
Y P 4

o w (A
. a-‘.b”;.f

oy
Q
=Y
T 1850
2 »”
o 1840 .
= s
S 1830
1820
1810 ® Data points
ey =X
1800 | Y =0.72'X +527.56
1800 1820 1840 1860 1880
TCCON XCH4 [ppb]

karlsruhe01 (OCO-2)

N=68 ) d
R2=0.93
RMSE = 1.327
4 =0222

Data points

¥ =0.98% +9.58| |

405 410 415

400

TCCON XCO2 [ppm]
karlsruhe01 (GOSAT)
N=127
1900 F R2=0.8 ™
RMSE = 11.913
= 1880 4 = 3.696
[ ¢=11.37
¥ 1860
o
X
1840t
%)
o
]
1820
b ® Data points
1800 v,
— Y =1"X+479
1800 1820 1840 1860 1880 1900

TCCON XCH4 [ppb]

karlsruhe01 (After fusion)

| N=620
R2 = 0.93

| RMSE = 1.375
_ M2y =.0.007
5410 b o=1.376

oo YR

® Data points

——Y=0.91"X+35.97

405 410
TCCON XCO2 [ppm]

400

415

, kgrlsruheo:l (After fgsion)
1890 F N =731

| R2=0.81
RMSE = 10.042
18701, = 4.001

E 1860
a

1880

1850

Fused XCH4 |
> ®»
8 3

1820

1810}
X

1800 [

@ Data points

—— Y =0.86"X +256.36

1800 1820 1840 1860
TCCON XCH4 [ppb]

1880
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Figure S11. Scatter-plots of the in-situ validation results for CAMS-EGG#4 (left), GOSAT/OCO-2 (middle), and fused results (right) on
lauder02. Black dotted and red full lines stand for the 1:1 and fitted lines, respectively. X: TCCON data; Y: CAMS-EGG4/GOSAT/OCO-
2/fused data. Unit: ppm/ppb to XCO»/XCH4 for RMSE, p, and o.



lauder03 (CAMS) lauder03 (OCO-2) lauder03 (After fusion)

412 " " T 412 "
N =425 N =46 N =425
411 R2=0.94 411 R2=0.72 1 411} R2=0.94
RMSE = 1.288 RMSE =1.064  ° 3 RMSE = 0.565
__ 410} ;i =-0.957 _AM0f p=-0.104 1 _410
E |o=o0863 E |o=107 £
= = =
409 ~ 409} g = o9
o (o] le)
o O O
X 408 e | X 408
%) o 408 » Bl
2 8 :
i |
407 L 407
o © 407 1
406 1 ® Data points 406 . ® Data points | 406 @ Data points
Y =X e D 1 T Bt 3 A Y=X
405 . Y =1.31"X +-126.49| Y = 0.87°X +54.81 405} - Y =1.04'X +18.3
405 406 407 408 409 410 411 412 406 407 408 409 410 411 408 409 410 411 412
TCCON XCO2 [ppm] TCCON XCO2 [ppm] TCCON XCO2 [ppm]
lauder03 (CAMS) lauder03 (GOSAT) lauder03 (After fusion)
1820 F . : — — . — " . . . : e —
N =438 g 1810+ N =108 N =438 .o
R2 =0.46 1805| R2=0.76 18101 R2 = 0.57 S ]
1810F RMSE = 16568 ¢ 1800 | RMSE =831 RMSE = 12.166 we, .
pen2432 + % _ 1=5572 1800 u=7.8+ " ‘.. . :
B 1800} 4 = 10:065 © Qo5 _ s T B e
=% o 3 10/96 g o =6.491 - -3 c=9.347 . o
= 2l = = SR
3 . I ¥ 1790} & & 1
g 1790 g 2 5 g
(73] :: el
s = @ 1780 1
S 1780 S &
1770 ]
1770 ® Data points ® Data points i 4 © Data points
o [ Y=X e oY= X
_— A : —— Y =0.65"X +627.2 1760 ——Y =0.87"X +238.38 |1 1760 ——Y =0.7"X +549.19| |
1760 1770 1780 1790 1800 1810 1820 1760 1770 1780 1790 1800 1810 1760 1770 1780 1790 1800 1810
TCCON XCH4 [ppb] TCCON XCH4 [ppb] TCCON XCH4 [ppb]
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Figure S16. Scatter-plots of the in-situ validation results for CAMS-EGG4 (left), GOSAT/OCO-2 (middle), and fused results (right) on
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parisO1. Black dotted and red full lines stand for the 1:1 and fitted lines, respectively. X: TCCON data; Y: CAMS-EGG4/GOSAT/OCO-
2/fused data. Unit: ppm/ppb to XCO»/XCH4 for RMSE, u, and o.



parkfalls01 (After fusion)

parkfalls01 (CAMS) parkfalls01 (GOSAT)

4oz N =867 4021 N =97 4o | N =867
R2=0.92 400+ R2=0.86 R2 =0.93
400 RMSE = 2.088 105 | RMSE = 1.703 4001 RMSE = 1.138
398 i =1.627 z 11 =-0.226 _398F ;,=0.058
= 5396 ;= 1697 . £ 06} o =1.137
S 306 = 5 396
O 304 § 394 Q394f
g = 392 R 302}
o 392 > o
= [0
& 390 § 390 2 00|
388 3881 .
386 ® Data points 386 g e Data points @ Data points
4 y N C Y=X e
284 1 ——— Y =0.8'X +80.25| | saa ki o ——— Y =1.04'X +-14.3] | ——— Y =0.86"X +55.28| |
385 390 395 400 385 390 395 400 385 390 395 400
TCCON XCO2 [ppm] TCCON XCO2 [ppm] TCCON XCO2 [ppm]
parkfalls01 (CAMS) parkfalls01 (OCO-2) parkfallsO1 (After fusion)
N = 1085 415 N =104 N = 1085
R2=0.93 R2 =0.96 R2 =0.95
4151 RMSE = 1518 RMSE = 1.21 4181 RMSE = 1.16
£ nw= =410 pn=-0.101 v pn=0.018
%410_o= g o=1211 %410_U=1.16 .
I
g 8 3
¥4 | < 405 >4
o~ 405 o =
s o) 2
< O =
o o e
400 F 400
Data points ® Data points Data points
........ Y=x ey =X ey =X
395 [y ——Y = 1.04*X +-16.63| 1 g5 | % ——Y =1.02*X +-8.01 ——Y =0.98"X +9.87| |
395 400 405 410 415 395 400 405 410 415 395 400 405 410 415
TCCON XCO2 [ppm] TCCON XCO2 [ppm] TCCON XCO2 [ppm]
parkfalls01 (CAMS) parkfalls01 (GOSAT) parkfallsO1 (After fusion)
i i i T T 1920 T T i T i i T
N = 1947 N = 456 N = 1947 .,
1880 F R2=10.79 1900 F R2=0.87 1880 - R2 = 0.84 o o {\.'?. et ﬁ*
RMSE = 17.107 RMSE = 14.892 RMSE = 13.784 , *
1860 | 1= 10.643 _ 1880 1860 |
T : g =
& Y S 1860 &
3 1840 I 3 1840
g Q 1840 g
) = o
= 18201 % 1820 $ 1520
S 3 c
1800 fus @ 1800 1800
5 Data points 1780 @ Data points g Y . @ Data points
780 . e YK Y =X 1780 (S lona * - Y =X .
—— Y =0.77"X +423.26 176015 . Y =0.96"X +84.41 Y =0.86"X +260.21
1780 1800 1820 1840 1860 1880 1800 1850 1900 1780 1800 1820 1840 1860 1880
TCCON XCH4 [ppb] TCCON XCH4 [ppb] TCCON XCH4 [ppb]
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Figure S23. Scatter-plots of the in-situ validation results for CAMS-EGG4 (left), GOSAT/OCO-2 (middle), and fused results (right) on
tsukuba02. Black dotted and red full lines stand for the 1:1 and fitted lines, respectively. X: TCCON data; Y: CAMS-

EGG4/GOSAT/OCO-2/fused data. Unit: ppm/ppb to XCO»/XCH,4 for RMSE, u, and o.



xianghe01 (CAMS)

420+ N = 504
418} R2=0.61
o RMSE =2.513
—_ n=0.374
E 414
=
o
§ 412
&)
< 410
)
Z 408
o
406
404
4021 ——— Y =0.79*X +85.04
405 410 415 420
TCCON XCO2 [ppm]
xianghe01 (CAMS)
N =488
1960 | R2 = 0.63 . = ?
RMSE = 14.851
1940 1 =1.973
Qo
[=3
=)
< 1920
I
o
X
o 1900
=
S
1880
1860 ¢ &
o Y =0.71*X +551.77
1840 k= . n
1840 1860 1880 1900 1920 1940 1960

TCCON XCH4 [ppb]

GOSAT XCH4 [ppb]

0OCO-2 XCO2 [ppm]

xianghe01 (OCO-2)

418

416 | RMSE = 1.411

4141 7=143

S
iy
o

408

406

404

N =36 =
R2 =0.89

1= 0.054

— Y =1.08"X +-33.73

L L L n n L n

1950
1940
1930
1920

- o
© ©
S =
o ©

1890

=
©
©
o

1870

1860 p<
1850 -

404 406 408 410 412 414 416 418

TCCON XCO2 [ppm]
xianghe01 (GOSAT)

N =134
R2 = 0.69
RMSE = 15.84
u=795

. ® Data points g

s 2 e e Y =X

Y =0.82"X +354.35|
1900 1950

TCCON XCH4 [ppb]

1850

420

418

416

~
ps
IS

N
=
N

Fused XCO2 [ppm]
3
(<]

N
(=
>

404

402

1960

1940

1920

1900

Fused XCH4 [ppb]

1880

1860

xianghe01 (After fusion)

N = 504
R2=0.73

RMSE = 1.

96

— Y =0.76"X +97.68

" n

n

410 415
TCCON XCO2 [ppm]

xianghe01 (After fusion)

420

'N= 48I8
FrR2=0.63

RMSE =1
[ n=4.044

1840 1.

5.266

o X

® Data points

——— Y =073'X +510.61| |

L

1840 1860

1880 1900 1920 1940
TCCON XCH4 [ppb]

1960
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Figure S30. Scatter-plots of the time series for daily CAMS-EGG4, GOSAT, fused, and TCCON data on fourcornersO1. The first and
second numbers in the bracket represent y and o, respectively. Unit: ppm/ppb to XCO2/XCH4 for u and o.
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Figure S31. Scatter-plots of the time series for daily CAMS-EGG4, GOSAT/OCO-2, fused, and TCCON data on hefeiO1. The first and

second numbers in the bracket represent y and o, respectively. Unit: ppm/ppb to XCO2/XCH4 for u and o.
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Figure S33. Scatter-plots of the time series for daily CAMS-EGG4, GOSAT/OCO-2, fused, and TCCON data on jpl02. The first and
second numbers in the bracket represent ¢ and o, respectively. Unit: ppm/ppb to XCO»/XCH4 for u and o.
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Figure S35. Scatter-plots of the time series for daily CAMS-EGG4, GOSAT/OCO-2, fused, and TCCON data on lauder03. The first and

second numbers in the bracket represent y and o, respectively. Unit: ppm/ppb to XCO2/XCH4 for u and o.
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Figure S36. Scatter-plots of the time series for daily CAMS-EGG4, GOSAT/OCO-2, fused, and TCCON data on lamontO1. The first
and second numbers in the bracket represent ¢ and o, respectively. Unit: ppm/ppb to XCO»/XCH4 for p and o.
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Figure S37. Scatter-plots of the time series for daily CAMS-EGG4, OCO-2, fused, and TCCON XCO, on nicosia0l. The first and
second numbers in the bracket represent y and o, respectively. Unit: ppm to XCO> for ¢ and o.
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Figure S38. Scatter-plots of the time series for daily CAMS-EGG4, OCO-2, fused, and TCCON XCO; on nyalesund01. The first and
second numbers in the bracket represent y and o, respectively. Unit: ppm to XCO> for ¢ and o.
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Figure S39. Scatter-plots of the time series for daily CAMS-EGG4, GOSAT/OCO-2, fused, and TCCON data on orleansO1. The first
and second numbers in the bracket represent ¢ and o, respectively. Unit: ppm/ppb to XCO»/XCH4 for p and o.
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Figure S40. Scatter-plots of the time series for daily CAMS-EGG4, GOSAT/OCO-2, fused, and TCCON data on parisO1. The first and
second numbers in the bracket represent y and o, respectively. Unit: ppm/ppb to XCO2/XCH4 for u and o.
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Figure S41. Scatter-plots of the time series for daily CAMS-EGG4, GOSAT/OCO-2, fused, and TCCON data on parkfallsO1. The first
and second numbers in the bracket represent ¢ and o, respectively. Unit: ppm/ppb to XCO»/XCH4 for p and o.
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Figure S42. Scatter-plots of the time series for daily CAMS-EGG4, GOSAT/OCO-2, fused, and TCCON data on pasadenaOl. The first
and second numbers in the bracket represent ¢ and o, respectively. Unit: ppm/ppb to XCO»/XCH4 for p and o.
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Figure S43. Scatter-plots of the time series for daily CAMS-EGG4, GOSAT/OCO-2, fused, and TCCON data on reunion01. The first
and second numbers in the bracket represent ¢ and o, respectively. Unit: ppm/ppb to XCO»/XCH4 for p and o.
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Figure S44. Scatter-plots of the time series for daily CAMS-EGG4, GOSAT/OCO-2, fused, and TCCON data on rikubetsu01. The first
and second numbers in the bracket represent ¢ and o, respectively. Unit: ppm/ppb to XCO»/XCH4 for p and o.
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Figure S45. Scatter-plots of the time series for daily CAMS-EGG4, GOSAT/OCO-2, fused, and TCCON data on saga01. The first and
second numbers in the bracket represent y and o, respectively. Unit: ppm/ppb to XCO2/XCH4 for u and o.



sodankyla01
T

405 ' | | T | T
® CAMS (2.071, 1.018)
° GOSAT (-0.656, 1.619) '
400H © After fusion (0.377, 0.925) . % - —
e TCCON % . 3
E au5 |- : F e e
§ 395 ,,_-:,.:: .-,,‘ , 8 7 - R i
e - Q J .
N * -3-"“ M ‘\"t t" mi Fal
o) .’,. ¢ . 2 ‘..
O 390 48 - —
< {or 2
Vi x
4
385 . —
180 [ | | | | | | | |
2010-01 2010-07 2011-01 2011-07 2012-01 2012-07 2013-01 2013-07 2014-01 2014-07 2015-01
Datetime
420 : sodank[yla01 :
© CAMS (0.578, 1.427)
¢ OCO-2 (-0.264, 1.669)
M5 o After fusion (0.164, 1.232)
e TCCON
— 410
£
Q.
& . .
o 405 3 %
S uimy - '?% . #
00 ’ﬂhﬁ - D . —
- :¥ ':"iy
395 . _|
b
460 | | I | |
2016-01 2017-01 2018-01 2019-01 2020-01
Datetime
sodankyla01
1900 T T T T Y T T T3
® CAMS (20.103, 12.164) i
® GOSAT (9.308, 12.682) 3
®  After fusion (15.316, 10.917) : . =
1850 ® TCCON < uy
. £t .5
o ) 3 ae
E8 1)
g L ) .f'."
< 1800 [~ £k §——
T o ; ]
o 2 L_ .
X T .
Go
:""—-’-. H
1750 (¥ % i —
.’ e Y
7% R -4
L L. | I [ = 1 I 1 | I
2011-01 2012-01 2013-01 2014-01 2015-01 2016-01 2017-01 2018-01 2019-01 2020-01
Datetime

Figure S46. Scatter-plots of the time series for daily CAMS-EGG4, GOSAT/OCO-2, fused, and TCCON data on sodankyla01. The first

and second numbers in the bracket represent ¢ and o, respectively. Unit: ppm/ppb to XCO»/XCH4 for p and o.
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Figure S47. Scatter-plots of the time series for daily CAMS-EGG4, GOSAT/OCO-2, fused, and TCCON data on tsukuba02. The first
and second numbers in the bracket represent ¢ and o, respectively. Unit: ppm/ppb to XCO»/XCH4 for p and o.
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Figure S48. Scatter-plots of the time series for daily CAMS-EGG4, GOSAT/OCO-2, fused, and TCCON data on xianghe01. The first
and second numbers in the bracket represent ¢ and o, respectively. Unit: ppm/ppb to XCO»/XCH4 for p and o.



