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Figure S1: (a) Taylor Diagram and (b) Target Diagram of 11 OSSEs summarized in Table 2; colour code corresponds
to Fig. 2. Standard Deviations, normalised RMS differences (WuRMSD) and biases are measured in patm.
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Figure S3: Standard deviation of differences for all 4 outputs for each OSSE FFNN, Eq. 5: (a) - OSSE 1, (b) — OSSE 2,
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Figure S6: Mean of differences between OSSE 1 (blue), 3 (red), 10 (green) of 4 FFNN outputs and NEMO/PISCES
pCO»; shadow is the maximum and minimum values of differences from 4 FFNN outputs for each OSSE. (a) - all 8
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Figure S7: Mean of 4 FFNN outputs for OSSE 2 (blue), 4 (red), 5 (green), 6 (purple); shadow is the maximum and
minimum values from 4 FFNN outputs for each OSSE. Black curve - NEMO/PISCES pCQ:. (a) - all 8 biomes; (b) -
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Figure S9: Mean of 4 FFNN outputs for OSSE 7 (blue), 8 (red), 9 (green), 11 (purple); shadow is the maximum and
minimum values from 4 FFNN outputs for each OSSE. Black curve - NEMO/PISCES pCQ:. (a) - all 8 biomes; (b) -
biome 9; (c) - biome 10; (d) - biome 11; (e) - biome 12; (f) - biome 13; (g) - biome 15; (h) - biome 16; (i) - biome 17.
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Figure S10: Mean of differences between OSSE 7 (blue), 8 (red), 9 (green), 11 (purple) of 4 FFNN outputs and
NEMO/PISCES pCO»; shadow is the maximum and minimum values of differences from 4 FFNN outputs for each
OSSE. (a) - all 8 biomes; (b) - biome 9; (¢) - biome 10; (d) - biome 11; (e) - biome 12; (f) - biome 13; (g) - biome 15; (h) -
biome 16; (i) - biome 17.
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Figure S11: Mean of air-sea CO; flux from 4 FFNN outputs for OSSE 1 (blue), 3 (red), 10 (green); shadow is the
maximum and minimum values from 4 FFNN sea-air CO; flux for each OSSE. Black curve - NEMO/PISCES fgCO:.
(a) - all 8 biomes; (b) - biome 9; (c¢) - biome 10; (d) - biome 11; (e) - biome 12; (f) - biome 13; (g) - biome 15; (h) - biome
16; (i) - biome 17.
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Figure S12: Mean of differences between OSSE 1 (blue), 3 (red), 10 (green) fgCO; of 4 FFNN outputs and
NEMO/PISCES fgCO,; shadow is the maximum and minimum values of differences from 4 FFNN fzCO, for each
OSSE. (a) - all 8 biomes; (b) - biome 9; (¢) - biome 10; (d) - biome 11; (e) - biome 12; (f) - biome 13; (g) - biome 15; (h) -
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Figure S14: Mean of differences between OSSE 2 (blue), 4 (red), 5 (green), 6 (purple) fgCO; of 4 FFNN outputs and
NEMO/PISCES fgCO,; shadow is the maximum and minimum values of differences from 4 FFNN fzCO, for each
OSSE. (a) - all 8 biomes; (b) - biome 9; (¢) - biome 10; (d) - biome 11; (e) - biome 12; (f) - biome 13; (g) - biome 15; (h) -
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Figure S15: Mean of air-sea CO; flux from 4 FFNN outputs for OSSE 7 (blue), 8 (red), 9 (green), 11 (purple); shadow
is the maximum and minimum values from 4 FFNN sea-air CO; flux for each OSSE. Black curve - NEMO/PISCES
f2COs. (a) - all 8 biomes; (b) - biome 9; (c¢) - biome 10; (d) - biome 11; (e) - biome 12; (f) - biome 13; (g) - biome 15; (h)
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Figure S16: Mean of differences between OSSE 7 (blue), 8 (red), 9 (green), 11 (purple) fgCO; of 4 FFNN outputs and
NEMOY/PISCES fgCO,; shadow is the maximum and minimum values of differences from 4 FFNN fzCO, for each
OSSE. (a) - all 8 biomes; (b) - biome 9; (¢) - biome 10; (d) - biome 11; (e) - biome 12; (f) - biome 13; (g) - biome 15; (h) -
biome 16; (i) - biome 17.
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Table S1: Number of training data per month and per OSSE.
Mont | Janua | Febru | Marc | April | May | June | July | Augu | Septe | Octob | Nove | Dece
h ry ary h st mber | er mber | mber
OSSE
OSSE | 9788 | 1318 | 1517 | 1507 | 1645 | 1342 [ 1469 [ 1699 [ 1056 [ 1367 | 1383 | 9871
1 6 9 6 8 8 8 1 4 9 6
OSSE | 3802 | 3578 | 3678 | 3730 | 3803 |3594 |3744 (3730 3455 |[3655 |[3651 | 3886
2
OSSE | 1358 | 1675 | 1885 | 1880 |2025 | 1702 | 1843 (2071 | 1401 | 1732 | 1748 | 1374
3 2 6 0 4 3 0 1 0 2 4 2 4
OSSE | 1073 | 1408 | 1609 | 1600 | 1740 | 1432 [ 1563 [ 1792 [ 1142 | 1459 | 1474 | 1084
4 8 0 8 9 8 8 2 1 6 0 8 0
OSSE | 1016 | 1354 | 1554 | 1545 | 1683 | 1378 | 1507 | 1736 | 1091 | 1404 | 1420 | 1025
5 8 4 7 0 8 8 1 4 0 4 2 9
OSSE | 1171 | 1499 | 1703 | 1696 | 1830 | 1512 | 1644 | 1870 | 1215 | 1537 | 1556 | 1175
6 0 1 6 2 2 0 2 0 8 2 2 8




OSSE | 1027 | 1363 | 1564 | 1554 | 1692 | 1385 | 1513 [ 1741 [ 1096 | 1410 | 1426 | 1034
7 0 8 4 8 1 2 5 8 4 4 8 4
OSSE | 9982 | 1336 | 1536 | 1526 | 1664 | 1359 | 1487 [ 1716 [ 1072 ([ 1384 | 1401 | 1006
8 8 6 6 2 8 4 2 3 8 0 1
OSSE | 1275 | 1603 | 1807 | 1800 | 1934 | 1615 | 1751 [ 1984 | 1320 | 1641 [ 1660 | 1279
9 3 4 4 8 0 8 0 5 2 0 0 7
OSSE | 1131 | 1468 | 1668 | 1659 | 1795 | 1489 | 1620 | 1856 | 1200 | 1514 | 1530 | 1138
10 3 2 1 4 9 0 2 3 9 2 7 3
OSSE | 1102 | 1441 | 1640 | 1631 | 1768 | 1463 | 1594 | 1830 [ 1176 | 1488 [ 1504 | 1110
11 6 1 3 2 0 6 1 6 8 8 8 0

Table S2: Differences (Eq. 4) between the OSSE FFNN outputs and NEMO/PISCES pCO; and its standard deviation
(STD) (Eq. 5) in patm.

Biome | Region | All8 9 10 11 12 13 15 16 17
70°W- | biomes
OSSE | 30°E
80°S-
80°N
OSSE | - -6.57/ -4.84/ -1.46/ -4.21/ -2.03/ 0.11/ -1.35/ -8.04/ -14.9/
1 6.57/14 | 13.54 10.17 6.98 7.62 13.88 13.88 14.96 8.99 20.83
49
OSSE | - - -3.41/ -0.58/ -0.5/ -0.63/ -0.3/ -1.18/ -0.88/ 0.93/
2 1.09/7. 10.68/6. | 9.61 4.65 4.37 6.24 4.76 6.85 3.87 8.94
99 77
OSSE | -1.7/ -1.5/ -1.36/ -0.9/ -1.48/ -1.49/ -0.32/ -1.93/ -1.89/ -2.05/
3 8.12 7.15 7.52 4.62 4.64 7.09 5.58 7.16 4.42 10.59
OSSE | - - -1.97/ -1.08/ -2.06/ -1.46/ -0.19/ -1.75/ -1.79/ -4.72/
4 2.57/9. | 2.36/8. | 8.44 5.31 5.67 8.15 6.58 8.57 5.18 12.56
45 39
OSSE | - - -2.33/ -0.22/ -2.08/ -1.68/ -0.2/ -2.06/ -3.15/ -6.84/
5 3.19/10 | 3.16/9. | 9.01 5.79 5.99 9.13 7.88 9.59 6.23 13.81
.36 33
OSSE | -2.07/ -1.8/ -4.07/ -1/ -3.01/ 1.97/ -0.49/ -1.68/ -1.48/ -1.62/
6 9.49 8.03 10.08 6.67 7.53 9.48 5.66 7.26 4.52 10.2
OSSE | -2.92/ -2.66/ -4.29/ -1.01/ -4.44/ 2/ -0.36/ -1.7/ -2.98/ -3.45/
7 10.43 8.86 10.54 6.67 7.01 10.38 6.49 8.29 5.13 12.01
OSSE | -3.62/ -3.38/ -4.46/ -0.37/ -3.99/ 0.79/ -0.29/ -2.32/ -2.98/ -5.99/
8 11.53 10.29 10.2 6.47 6.59 10.85 7.57 9.47 5.82 16.38
OSSE | -2.16/ -1.42/ -3.7/ -1.05/ -2.36/ 1.74/ -0.28/ -1.85/ -1.35/ -0.72/
9 8.08 6.87 8.37 5.85 5.52 8.62 5.32 7.31 4.33 8.24




OSSE | -2.34/ -1.54/ -3.54/ -0.1/ -1.52/ 1.93/ -0.04/ -2.15/ -1.91/ -1.55/
10 8.64 7.5 8.59 6.18 5.42 9.38 6.51 8.18 5.21 8.99
OSSE -3.22/ -2.45/ -4.47/ -1.85/ -2.76/ 0.82/ -1.14/ -2.46/ -2.92/ 2.2/
11 9.14 8.07 8.64 6.33 5.73 10.37 7.3 9.18 5.81 9.72
Table S3: Correlation coefficient between OSSEs and NEMO/PISCES pCO,.
Biome | Region | All 8 9 10 11 12 13 15 16 17
70°W- | biomes
30°E
80°S-
OSSE 80°N
OSSE | 0.68 0.67 0.88 0.92 0.89 0.46 0.68 0.31 0.7 0.57
1
OSSE 0.88 0.89 0.91 0.96 0.96 0.83 0.93 0.77 0.87 0.9
2
OSSE | 0.86 0.87 0.93 0.96 0.95 0.79 0.91 0.73 0.83 0.85
3
OSSE 0.82 0.83 0.92 0.95 0.93 0.7 0.88 0.64 0.8 0.77
4
OSSE 0.79 0.8 0.92 0.94 0.92 0.65 0.86 0.59 0.75 0.76
5
OSSE 0.84 0.85 0.89 0.93 0.91 0.64 0.91 0.72 0.82 0.86
6
OSSE 0.8 0.82 0.89 0.93 0.91 0.54 0.88 0.66 0.8 0.8
7
OSSE 0.76 0.77 0.89 0.93 0.91 0.52 0.86 0.57 0.79 0.66
8
OSSE 0.86 0.88 0.92 0.95 0.94 0.68 0.92 0.72 0.84 0.91
9
OSSE | 0.85 0.85 0.92 0.94 0.94 0.63 0.88 0.65 0.78 0.89
10
OSSE 0.82 0.83 0.92 0.94 0.93 0.58 0.86 0.56 0.74 0.88
11

Table S4: pCO; averaged over the region 70°W-30°E 80°S-80°N and biomes from Fig. 2 for NEMO/PISCES model and

each OSSEs, and its averaged differences between each OSSEs and NEMO/PISCES (in patm).

Biome

Region
70°W-
30°E
80°S-

All 8
biomes

10

11

12

13

15

16

17




OSSE | 80°N

NEMO [ 371.13 | 372.65 | 350.36 | 373.18 | 390.11 | 397.18 | 389.54 [ 376.14 |376.99 | 363.08

OSSE | 367.09/ | 368.39/ | 347.1/ | 372.78/ | 387.17/ | 397.36/ | 391.66/ | 377.46/ | 371.58/ | 351.44/
1 -4.04 -4.25 -3.26 -0.39 -2.93 0.17 2.12 1.32 -5.41 -11.63

OSSE | 371.25/ | 373.01/ | 348.34/ | 373.28/ | 390.3/ | 397.41/ | 389.92/ | 375.7/ | 376.78/ | 365.58/
2 0.11 0.36 -2.02 0.09 0.19 0.23 0.38 -0.44 -0.21 2.5

OSSE | 370.62/ | 372.18/ | 350.04/ | 372.88/ | 389.39/ | 397.04/ | 390.1/ | 375.29/ | 376.02/ | 362.42/
3 -0.51 -0.46 -0.32 -0.3 -0.71 -0.14 0.57 -0.85 -0.97 -0.66

OSSE | 370.21/ | 371.8/ | 349.83/ | 373.13/ | 389.22/ | 396.88/ | 390.38/ | 375.74/ | 376.06/ | 360.83/
4 -0.92 -0.84 -0.53 -0.05 -0.88 -0.29 0.85 -0.4 -0.93 -2.25

OSSE | 369.8/ |[371.2/ | 349.53/ | 373.68/ | 389.12/ | 396.93/ | 390.39/ | 375.59/ | 375.3/ | 359.06/
5 -1.33 -1.46 -0.83 0.5 -0.98 -0.25 0.85 -0.54 -1.69 -4.02

OSSE | 370.57/ | 372.11/ | 347.79/ | 373.21/ | 388.25/ | 401.01/ [ 390.07/ | 375.63/ | 376.43/ | 362.9/
6 -0.56 -0.54 -2.57 0.03 -1.86 3.82 0.53 -0.51 -0.56 -0.18

OSSE | 369.94/ | 371.42/ | 347.72/ | 373.08/ | 387.42/ | 400.96/ | 390.12/ | 375.58/ | 375.32/ | 361.28/
7 -1.2 -1.22 -2.64 -0.1 -2.68 3.77 0.58 -0.56 -1.68 -1.8

OSSE | 369.26/ | 370.75/ | 347.77/ | 373.68/ | 387.29/ | 399.89/ | 390.44/ | 375.25/ | 374.96/ | 358.95/
8 -1.87 -1.89 -2.59 0.49 -2.81 2.71 0.9 -0.89 -2.03 -4.12

OSSE | 370.22/ | 372.2/ | 347.84/ | 373.18/ | 388.77/ | 400.09/ | 389.95/ | 375.25/ | 376.24/ | 363.46/
9 -0.91 -0.44 -2.52 -0.001 | -1.33 291 0.41 -0.88 -0.75 0.37

OSSE | 370.14/ | 372.26/ | 348.01/ | 373.98/ | 389.39/ | 400.53/ | 390.55/ | 375.22/ | 376.09/ | 362.87/
10 -0.99 -0.39 -2.35 0.79 -0.71 3.35 1.01 -0.92 -0.9 -0.21

OSSE | 369.33/ | 371.45/ | 347.14/ | 372.5/ | 388.13/ | 399.6/ | 389.54/ | 374.96/ | 375.44/ | 362.31/
11 -1.8 -1.18 -3.21 -0.68 -1.97 241 0.002 -1.18 -1.56 -0.76

Table S5: fgCO, averaged over the region 70°W-30°E 80°S-80°N and biomes from Fig. 2 for NEMO/PISCES model and
each OSSEs, and its averaged differences between each OSSEs and NEMO/PISCES (in Pg/yr).

Biome | Region | All 8 9 10 11 12 13 15 16 17
70°W- | biomes
30°E
80°S-

OSSE 80°N

NEMO | -0.76 -0.7 -2.34 -1.14 -0.03 0.53 -0.004 -0.74 -0.5 -0.52

OSSE | -1.03/ |-0.99/ |-2.57/ |-117/ |-0.18/ | 0.42/ 0.19/ -0.68/ | -1.15/ |-1.17/
1 -0.26 -0.28 -0.23 -0.03 -0.15 -0.1 0.2 0.06 -0.64 -0.65

OSSE | -0.81/ |[-0.74/ |-2.5/ -1.05/ 1 0.19/ 0.46/ 0.17/ -1.07/ | -0.89/ | -0.44/
2 -0.04 -0.03 -0.16 0.08 0.22 -0.07 0.18 -0.32 -0.38 0.08

OSSE | -0.8/ -0.74/ | -2.36/ |-1.16/ |-0.07/ | 0.49/ 0.05/ -0.82/ | -0.61/ | -0.59/
3 -0.04 -0.04 -0.02 -0.02 -0.03 -0.04 0.06 -0.07 -0.1 -0.06




OSSE | -0.82/ |[-0.76/ |-2.37/ |-1.14/ |-0.07/ | 0.46/ 0.08/ -0.79/ | -0.6/ -0.67/
4 -0.05 -0.05 -0.02 -0.006 | -0.04 -0.06 0.08 -0.04 -0.09 -0.14
OSSE | -0.86/ |-0.81/ |-2.39/ |[-1.11/ [-0.07/ |0.47/ 0.08/ -0.81/ | -0.69/ | -0.79/
5 -0.09 -0.1 -0.04 0.02 -0.04 -0.06 0.09 -0.06 -0.18 -0.27
OSSE | -0.81/ |-0.75/ |-2.52/ |-1.15/ |-0.11/ |0.61/ 0.05/ -0.79/ | -0.56/ | -0.55/
6 -0.04 -0.04 -0.17 -0.01 -0.08 0.08 0.06 -0.05 -0.05 -0.02
OSSE | -0.86/ |[-0.8/ -2.51/ | -1.14/ | -0.16/ | 0.59/ 0.06/ -0.8/ -0.69/ | -0.67/
7 -0.01 -0.09 -0.17 0.001 -0.13 0.05 0.06 -0.06 -0.18 -0.14
OSSE |-0.89/ |-0.83/ |[-2.53/ |[-1.11/ |-0.18/ | 0.53/ 0.1/ -0.82/ | -0.72/ | -0.77/
8 -0.12 -0.13 -0.18 0.03 -0.15 -0.003 | 0.1 -0.07 -0.21 -0.24
OSSE | -0.83/ |[-0.75/ |-2.51/ |-1.12/ |-0.09/ | 0.56/ 0.03/ -0.81/ | -0.58/ | -0.53/
9 -0.06 -0.04 -0.16 0.01 -0.06 0.03 0.03 -0.07 -0.07 -0.005
OSSE | -0.83/ |-0.74/ | -2.5/ -1.09/ [ -0.06/ | 0.56/ 0.08/ -0.82/ | -0.6/ -0.56/
10 -0.06 -0.04 -0.15 0.04 -0.03 0.03 0.08 -0.07 -0.09 -0.03
OSSE | -0.88/ |[-0.79/ |[-2.55/ |-1.17/ |-0.13/ |0.51/ 0.03/ -0.84/ | -0.67/ | -0.58/
11 -0.11 -0.09 -0.2 -0.04 -0.1 -0.02 0.04 -0.09 -0.17 -0.06




