
S3.1 North Atlantic Methodology 
S3.1.1 North Atlantic carbon states from observations
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Fig. S1: Probability density distributions of North Atlantic observations data for (a) pCO2SW and (b) SST.
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Fig. S2[image: C:\Users\beccalatto\AppData\Local\Microsoft\Windows\INetCache\Content.Word\iteraiton.png]
Fig. S1: Convergence test that shows the number of iterations needed so that clusters are unchanged. Each clustering analysis is performed for a different number of predetermined clusters (k) and is deemed as convergedconverging when the sum of the distances between each member 2D histogram from the cluster centroid is no longer changing. Convergence is tested for different number of predetermined clusters, k=1, k=2, …, k=12. We find that less than 10 iterations are needed to obtain convergence.
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S4. Results
S4.1.2 The North Atlantic carbon states in modelsOcean Carbon States
[image: silsensMODELNA]
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Fig. S3: a) Scores for each cluster analysis of model data in the North Atlantic for k = 2, k = 3, k = 4. b) Average scores of the clustering technique for each prechosen number of clusters.
[image: temp att model na]
S2Fig. S4: Monthly attribution of each ocean carbon regime in the model dataset. Temporal attribution is based on the distance of each monthly 2D histogram to the centroid of each cluster.
[image: regional ID North Atlantic all clusters]
Fig. S5: Demarcated regions within the North Atlantic basin defined by ranges of pCO2SW and SST values in the observed ocean carbon states.

















S3.1.3 Model air-sea flux of CO2 error analysis and bias attribution
	
[image: 5a][image: 5b]
	[image: 5a]
[image: 5b]
[image: 5c]
[image: 5d]
Fig. S6S3: Scatter diagrams and linear fits of the air-sea flux of CO2 with a) pCO2SW, b) SST, c) salinity, and d) wind speed in each of the North Atlantic regions that is represented in each regime. The regions are also shown in Fig. S2. The RMSE terms are the bias terms denoted as  and the weight terms are the  terms in Eq. (5). The contribution terms are the products of each bias*weight terms in Eq. (5).
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Fig. S7S4: Scatter diagrams and linear fits of pCO2SW with a) SST, b) salinity, c) wind speed and d) nitrate in each of the North Atlantic regions of each regime.











S3S4.2 The Southern Ocean Carbon States
[image: 12 monthly southern ocean]
Fig. S3.2.1 Southern Ocean carbon states based on observations and model simulations

[image: SOPDF]
Fig. S8: Probability density distributions of Southern Ocean observations data for (a) pCO2SW and (b) SST.

[image: SO 2d monthly]
Fig. S9S5: Monthly 2D histograms of pCO2 of surface water (pCO2sw) and SST in the Southern Ocean (defined as 180°W to 180°E, 90°S to 40°S) from the Takahashi observational dataset.
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Fig. S10: a) Scores for each cluster analysis for k = 2, k = 3, k = 4 of model data in the Southern Ocean. b) Average scores of the clustering analysis for increasing k.
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Fig. S11: Temporal attribution for the Southern Ocean (a) observation cluster run and (b) the model cluster run
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Fig. S12S6: Demarcated regions within the Southern Ocean basin defined by ranges of pCO2SW and SST values. The choice of the regions is based on the dominant bins in each ocean carbon state.

[image: SOFLUXerror]
Fig. S13S7: Bias terms as computed in the Taylor expansion of the model bias for the air-sea flux of CO2.
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Fig. S14S8: Scatter diagrams and linear fits of the air-sea flux of CO2 with a) pCO2SW, b) SST, c) salinity, and d) wind speed in each of the Southern Ocean regions and for each regime.
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Fig. S15S9: Scatter diagrams and linear fits of pCO2SW with a) SST, b) salinity, c) wind speed and d) nitrate in each of the Southern Ocean regions and for each regime.

2

image3.png
3500

3000

[\
D
S
(e}

[\]
(=3
(=3
(=)

—_
D
o
(=)

1000

Sums of the point-to-centroid distances

500

— = ()
=] ]

—— = ]2

10

15

20 25 30
Number of Iterations (N)

35

40

45

50




image4.png
19)sN[D

19)sN[D

19)sN[D

0.50 0.75

0.25

0.50 0.75

0.25

0.50 0.75

Score

0.25

Score

Score

11 12

10

7
Number of Clusters

6

_
(@\ Ve —
—

_ _
Ue) VR ()
s 94 o S <
S S S
1SN AQ PAZI[BWION 100G 93BIOAY

(o8}

~

O




image5.png
%N

48'N

Winter Regime

Summer Regime

Transition Regime

PCO? (300-400] and SST [20-30]
PCO? (300-350] and SST [10-20]
PCO? [50-350) and SST [-2-10]

%'N %'N
Kt » KKH " KKH
- Kk
*
¥ ¥
4 %%k * * *
o ” ”
o ok ok
45N 45N
*
*
*
* e % e * e
Kbk 0 Kbk 0 kb
Bo'w 45w 0 45E Bo'w 45w 0 45E Bo'w 45w 0 45E





image6.png
Distance to Centroid

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

200 —

400 —

600 —

800

1000 —

1200 —

1400

mem \V inter Regime
e Summer Regime
m=Transition Regime





image7.png
TRANSITION

a) WINTER SUMMER
Tropical Tropical Tropical
<s P <2 P < P
13 E E 2%,
) ©20
R Eleg z, -
%0 FPo o %0 X ©
E ° 3 ER)
& & e o, T &% 00
3 3 - 090
S 32 3
320 30 30 380 400 M0 3 360 a0 380 30 400 30 30 30 %0 970 380 3%
PCO2SW PCO2SW PCO2SW
_ Subtropical _ Subtropical _ Subtropical
E o o E E |0
£, o0 o £st o %0 S °
S o o
£ o o0 % Ll %y £ ¥5o go
k)
2’ Boo8 o0 z g 2z B
o
8 0 81 g N ] &5
oo o oo
310 a0 30 20 350 0 310 320 a0 a0 a0 310 a0 30 0 350
PCO2SW PCO2SW PCO2SW
o Subpolar _ Subpolar o Subpolar
< S <
' E, o '
£ og £ £ ° 4
x ° ° x x
2] qoq3o %% £ v % e g’ o cagg o o 3
o o o J
8 o @ 8 0% o %% g8 o8 R
oo . Oo O o
0 10 20 20 30 3% S 100 150 200 250 30 3% S 10 15 200 250 00 30
PCO2SW PCO2SW PCO2SW
mSE  weGET  Contribution msE  weHT  Contribution msz  weEr  Contribution
Tropical 3.123  -0.043694 L6221 35.568 37.407 -2.0068
Subtropical 18,353  -0.091341 6801 151843 1845 13705
5 745048 96523 0.83676

Subpolar

5041

117.85  0.0063676





image8.png
TRANSITION

b) WINTER SUMMER
P Tropical , Tropical P Tropical
£ £ £
00® @
E O E E O
£ oo esteimagmy. 0 fo 5 opoelissancocagnggo
x5 %
c = c
8 8 8
S 32 S
20 2 2 2% ) 30 20 2 2 2 % 3 20 2 2 2% ) 30
ssT ssT sST
_ Subtropical . Subtropical _ Subtropical
£, °© o © £ £, B
] o o [eary L) Kl ) 8° 2 o o
2 S 0 000 0%go0
S o—% o ) <,le 2% ¥ ®o R e ) o%’
ER] @ 5% O ©° po° 3 ° E 32 & °
H N S 6 0 & < o e = o @ ©%00
3 © 15} 3 o
Oo Qo Qo
10 12 14 16 18 2 10 12 i 1 18 20 10 2 n 1 18 2
ssT sST sST
. Subpolar _ Subpolar . Subpolar
£ £, £
2 ° 0 2 °0 g °
£ £ oo B £20% < )
x 5 00 x 0.5 <& O x 5 988,90
X & %@ oo o x5, 20005 o B0 F] o%,oooegn%%%&%
N £o B0 @ = S ° & 3o o & Fo 28 0oy
s ®6 5 @ ° 8 06 %@ °
O o Qo O o
2 o 2 4 6 8 1 2 o 2 4 & 8 10 2 o 2 4 & 8 10
ssT ssT ssT
RMSE  WEIGHT  Contribution RSE  WEIGHT  Contribution RMSE  WEIGHT  Contribution
Tropical 10468 -0.25058  -0.26232 14495 -0.076231  -0.1105 10783 -0.22019  -0.23765
Subtropical ~ 1.1045  -0.058524  -0.064635 147135 -0.13263  -0.19542 111202 -0.13694  -0.15395
2,934 -0.030098  -0.087086 34485 0.034806  0.25245 215089 0.046045  0.133%4

Subpolar




image9.png
TRANSITION

°) WINTER SUMMER
_ Tropical _ Tropical .
s <2 <
£ £ £2
g # £ £,
x 0 o e x 0 x
3 o 3 5° 3
[ o Tor o
o o 8
o Q o
S S2 S
) ) 2 3 38
Salinity Salinity Salinity
_ Subtropical _ Subtropical . Subtropical
< T4 <
£, o & £ £, 2 o
] o ® o ® 3 o o 2 Qo
° ® > o o o
£ Do o £ 8%° 0 20680, El. oe’s °o
5, %o %00, 52 o 5, R
i g € % i o® 0% gg T . & ‘g
o o 8
3 o 3 3 o
Qo 3o So
34 a5 3 355 3% %5 37 B/5 3 5 3 35 B 34 a5 3 35 3% %65
Salinity Salinity Salinity
_ Subpolar _ Subpolar . Subpolar
<10 s <10
£ £ 00 ° £
£ £ o £
2 o9 g R 2 8
£ PR £ @° E 008 o9q
x 5 ° x ®. o x5 0 00,%
z 02 0090 X0 £2 % R z o S P %
= o 6 090 o® o 5@ W 0% [ 600 @ 5 ool
8 ° 8 % o G 8 ° 0% %
O o Qo O o
2 @25 3 385 34 345 3B 35 S 2 @25 3 .5 3 45 3 35
Salinity Salinity Salinity
RsE WEIGHT  Contribution e WEIGHT  Contribution RsE WEIGHT  Contribution
Tropical 0.5883  0.4781  0.27757 0.59543  0.024209  0.014415 0.4%914  0.:722  0.15834
Subtropical  0.40243  -1.1026  -0.44372 0.44111  -0.40821  -0.18007 0.4%51  -1.2557  -0.62347
13332 0.20802  0.28773 9603 0.401a2  0.78691 1.5649  0.32074 1601

Subpolar





image10.png
TRANSITION

4 WINTER SUMMER
_ Tropical _ Tropical _ Tropical
s <2 & &
B £ £ 8
£ £ £
2 © 000 3 2, g
X o0b @ > o £
S W00, Vg oo %@ X3 o E] o
2 c Lo 8% Sqg e
3 8 S o o®
S5 32 S
3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 2 4 6 8 10 12
Windspeed Windspeed Windspeed
_ Subtropical . Subtropical _ Subtropical
E, 3 °0, E E, N s
3 oo 3 ° % o 3 o
£ © 0 o 00 ° g o o©° o 0 © £ © o oSHOEO
x 2 ° x 2 0°0 00 © x 28 )
z? 6080 z &, 880 9 z? coe
s & o ®o o S 0000 E0 °
3 8 3
Qo Qo Qo
7 8 9 10 " 12 13 7 75 8 85 9 95 10 7 8 9 10 " 12
Windspeed Windspeed Windspeed
o Subpolar _ Subpolar o Subpolar
£ £, o8 £
i o £ LI |
x5 ©° 8 5, 28 & S, ©°o 55
-l T O, L) T
i og° Q; [ © % % o 4 &
oo o Y oR o o o &0 @
8 o 0% 8 | oo % 8 3 o °
O o Qo O o
7 8 o 10 11 12 13 1 5 6 7 8 9 10 7 s 9 10 1 12 13
Windspeed Windspeed Windspeed
RMSE  WEIGHT  Contribution RsE WEIGHT  Contribution RMSE  WEIGHT  Contribution
Tropical 11223 0.1827  0.20505 11588 0.0177%6 12952 0.30141  0.39039
Subtropical ~ 1.2357  0.i5255  0.60867 13s52 0.52245 172105 0.56098  0.62298
2,834 0.3137  0.77366 1o olim o.42143 158207 o.4ss72  0.8898

Subpolar




image11.png
TRANSITION

WINTER SUMMER
Tropical Tropical Tropical
. 400 % . 400 . 400
E E E
H 2,88, 3 H
= = = 0.
5300 805,89 Sﬁ % 350 % 35000 %g%%w&?g
8 “o o 8 g RS
2 2 2
300 300 300
% 2 2 % 2 0 2 2 % 28 0 2« EEE
SSsT SSsT SSsT
Subtropical Subtropical Subtropical
= oo 0o - ° ~ o
E ) P o0& o E 0, E © D00
3§ M0 & SoP 0% 0 Logd 3§ M0 o g0 5 %0 < m%s@m o
s ° 00 &0 EE oo o < ® o0 @
% o 00, % K3 5 @ % ° Como
o Foof 5o of o
o o 5] o o o o
2 2 ° 2
300 300 300
0o 12 14 16 ® 2 0 12 14 16 ® 2 0 12 14 16 ® 2
ssT ssT ssT
Subpolar Subpolar Subpolar
P P ) P
E o E 8 E 95RO
E 00, BWBDEHFT0 ©  E w0 o2, B SEETS E o oc@c&m"é’ﬂ B @R
ER O E] o 0O o E] °
& o o 7 200 ° 7 200 %P o
8§ 200 o 3 co 3
o} 0B o} o} @
Q g Q 10 3 Q 10 oo ©
100
2 o 2 4 s 10 2 o 2 4 6 8 1 2 o 2 4 & 8 10
SSsT SSsT SSsT
mSE  WEIGIT  Contribution mSE  WEIGNT  Contribution mSE  WEIGIT  Contribution
Tropical 1.0468 5.223 4095 1.aa1  2.0889 0193 32127 3.4675
Subtropical  1.1045 vy 4135 2,035  2.9982 1242 0.39731 044666
34 16.5e1 5118 2l5089  le.4s2  47.828

Subpolar 2.8931

16.67




image12.png
b) WINTER SUMMER TRANSITION
Tropical Tropical Tropical
_ 400 _ 400 _ 400
£ £ E
5 8o ©- o808 H ° 5 oo 0%
% 350 00 3 350 3 350
of o of
¢ ¢ ¢
300, 300 300,
EEEEEEE ) 2 ® . 3 % a7 @B 2 m 3 3 3% 3 3B
Salinity Salinity Salinity
Subtropical Subtropical Subropical
£ @, o0 = = o
£ o %goo £ o £ 00 L& @
e R o0 %5 g S o 8 g % °o‘§@o°?‘°%°
3 ° o 3 it 7 X1 Gl 00 T
o 320 o 320 3 §o° o 320
8 o Q 8o Q o
? ? ) 2
300, 300 300,
3 a5 3 355 36 365 37 35 3 s s 35 3% 34 a5 35 355 36 365 37
Salinity Salinity Salinity
Subpolar Subpolar Subpolar
_ a0 Po _ o Po o _ a0 P
E o o 9 @ E o E oo o
E %0 g £ 2 o £ 00 @ °oa%w
2 s o °p L] 0 00008 00 L] o o
7 200 ook 7 200 7 200 o o
o o8 of o o ©° o o o
9 o © 9 ° g o o ©
2 ] 10 % © 2
0 0
2 3 % 35 3 31 32 3 % 3 3 2 33 % 35 3
Salinity Salinity Salinity
e WEIGHT  Contribution R WEIGHT  Contribution RsE WEIGHT  Contribution
Tropical 0.5883  -11.311  -6.6541 0.59543  0.17952  0.10689 0.49914  -6.a285 2088
Subtropical ~ 0.40244  0.62011  0.25 0.44111 67983  2.9988 0.4%51  6.4545  4.1977
Subpolar 13832 28,93 40.0 1.9603  43.005  84.304 1.5645 26782 41.911





image13.png
o
N

12

12

WINTER SUMMER TRANSITION
Tropical Tropical Tropical
_ 40 o © _ a0 S _ 40
£ ) E E -]
s Sl 3 ‘ o ofbelt
= % % % % = ® %0
o o o
8 5o d& 8 B R®
? 2 ?
300 300 300
2 4 3 8 10 3 e 5 6 7 8 9 4 6 8 10
Windspeed Windspeed Windspeed
Subtropical Subtropical Subtropical
£ 0 § &80 £ 0% o £ e00000
o ©
g M0 %980 &% > o 5 X0 % 8 ° o 5 0 occ og 000
2 @, 0 2 @ 2
3 0 T@ToC G TVE 2 3
o 320 o 320 0© 0@0 o o 320
<] o 3 o ©o0 3
2 2 ° 2
300 300 300
7 8 9 10 " 12 13 7 75 8 85 9 95 10 8 9 10 "
Windspeed Windspeed Windspeed
Subpolar Subpolar Subpolar
£ o @ E ° E o
R o d%o& o 5 30 o@?&%@&@w %0 § awof © %@&0 50
3 ] X3 3
3 s 00 © % 200 @D Faof 05 oQF °
200 o o S 8 3
Q o o0 ® g Q Q 2 ©
g ) ° S w0} 0% 8wl o o ©
6 8 10 12 14 5 6 7 8 9 10 8 9 10 1" 12
Windspeed Windspeed Windspeed
RSE  WEIGHT  Contribution mSE  WeT  Contribution RSE  WEIGHT  Contribution
Tropical 11223 2078 1.1588 L1069 -3.7247 25993 -5.957
Subtropical  1.2357 ~51095 103952 5038 -4.0516 Z2le124  -2.9678
Subpolar 2.4854 31.143 1.017  45.805  49.331 36761 66,929

13




image14.png
4

WINTER SUMMER TRANSITION
Tropical Tropical Tropical
- = 400 o — 400
£ E E o
El E o @ o o s o o
2 o o o ) G0 ER &o
H N 3 8o 3 30 039
3 S a0 o5 a o oo ©
3 3 3
2 2 Q
%0 40 300
05 1 15 [ 05 1 15 2 25 [ 05 1 15
Nitrate Nitrate Nitrate
Subtropical Subtropical Subtropical
£ Ko B oo Eole 5 °s 0
Ela ® g 00 ° 3 P o oo 0% s
= o&, og % 09— o o o© 5 8 2 & o
o Faof 2050 g © J
Q o Q ° o Q
2 2 ° Q
%0 300 300
2 4 6 8 10 [ 2 4 6 8 [ 2 4 6 8 10
Nitrate Nitrate Nitrate
Subpolar Subpolar Subpolar
_ 400 opo o o _ 400 Po! _ 400 po
% o 0 O ©, 000 E © @ oo
E | K BRI o H W%Wmog % o § P @ mi®n
= oo o 2 o o%o0 2 9 o o o
% 200 o o 0.0 7 200 ° % 200 0 o
o ° &
8 & °° 8 ? o °
Q Q ° Q © o
2 2 Q
3 3
2 4 6 8 10 12 14 [ 2 4 6 8 [ 2 4 6 8 10 12
Nitrate Nitrate Nitrate
msE  wEIGET  Contribution msE  wWexar  Contribution msE  WeIGET  Contribution
Tropical 0.36557 5.3 1.9855 0.40758  15.494  6.3152 0.28238 34618  0.97756
Subtropical ~ 1.e962  1.1212  1.501 3.2  -1.3809  -3.0879 3.083  0.04818  0.1003
Subpolar eous 3l 25.51 3p3 aleus s.is S22 a3 22.3:




image15.png
SST (Celsius)
= 8

=)

SST (Celsius)
= S

=)

SST (Celsius)
= 8 o = 8

SST (Celsius)
(e}

January

100 200 300 400
pCO2 SW(ua‘[m)

April

100 200 300 400
pCO2 SW(ua‘[m)

July

100 200 300 400
pCO2 SW(ua‘[m)

October

100 200 300 400
pCO2 SW(ua‘[m)

(T [ (e =

40

20

40

20

40

20

40

20

SST (Celsius) SST (Celsius) SST (Celsius)

SST (Celsius)

[\
(e}

—_
=)

=)

[\
(e}

—_
=)

=)

[\
(e}

—_
=)

=)

[\
(e}

—_
=)

=)

February

100 200 300 400
pCO2 SW(ua‘[m)

May

100 200 300 400
pCO2 SW(ua‘[m)

August

100 200 300 400
pCO2 SW(ua‘[m)

November

100 200 300 400
pCO2 SW(ua‘[m)

(T [ (e (=

40

20

40

20

40

20

40

20

SST (Celsius) SST (Celsius) SST (Celsius)

SST (Celsius)

[\
(e}

—_
=)

=)

[\
(e}

—_
=)

=)

[\
(e}

—_
=)

=)

[\
(e}

—_
=)

=)

March

100 200 300 400
pCO2 SW(ua‘[m)

June

100 200 300 400
pCO2 SW(ua‘[m)

September

100 200 300 400
pCO2 SW(ua‘[m)

December

100 200 300 400
pCO2 SW(ua‘[m)

(T [ (e (=

40

20

40

20

40

20

40

20




image16.png
5000

4000

3000

2000

1000

100

200 300 400 500
pCOZSW(uatm)

b)

2500

2000

1500

1000

500

5 10 15 20
SST (Celsius)




image17.png
SST (Celsius) SST (Celsius) SST (Celsius)

SST (Celsius)

January

3ﬁ

20 100 200 300 400

[}
(e

—_
wn O WD

pCO2 SW(ua‘[m)
April

20 L

15

10

5

-3

20 100 200 300 400
pCO2 SW(ua‘[m)

Jul

20 >

15

10

5

-3

20 100 200 300 400
pCO2 SW(ua‘[m)
October

20

15

10

5

-3

20 100 200 300 400
pCO2 SW(ua‘[m)

SST (Celsius) SST (Celsius) SST (Celsius)

SST (Celsius)

February

3ﬂ

20 100 200 300 400

[}
(e

—_
wn O WD

pCO2 SW(ua‘[m)
Ma

20 >

15

10

5

-3

20 100 200 300 400
pCO2 SW(ua‘[m)
August

20 S

15

10

5

-3

20 100 200 300 400
pCO2 SW(ua‘[m)
November

20

15

10

5

-3

20 100 200 300 400
pCO2 SW(ua‘[m)

SST (Celsius) SST (Celsius) SST (Celsius)

SST (Celsius)

March
20
15 40
10
5
-3

20 100 200 300 400

pCO2 SW(uatm)
June

20

15

10

5

-3

20 100 200 300 400
pCO2 SW(uatm)
September

20

15

10

5

-3

20 100 200 300 400
pCO2 SW(uatm)
December

20

15 40

10

5

-3

20 100 200 300 400

pCO2 SW(uatm)




image18.png
19)sN[D

— (@\ o

19)sN[D

19)sN[D

0.50 0.75

0.25

0.50 0.75

0.25

0.50 0.75

0.25

Score

Score

Score

11 12

10

7
Number of Clusters

6

<t o Q| — O
= = = =
1SN AQ PAZI[BWION 100G 93BIOAY

~

O




image19.png
w0
50
60
7
)

*

PCO [250-400] and SST [10-20]

" . - PCO2 [250-400] and ST [3-10]
Winter Regime P02 20-250] and SST[-33)
0 0'E 180°E
Summer Regime
s

180°W 0 90 E 180 E
Transition Regime

s

s

s

s

<F

st L L L L

180°W VR 0 90 E 180 E




image20.png
Jan Feb Mar Apr May Jun Jul Aug

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0 0
=B =R
o o
5 5
@) @)
Q Q
+— +—
S S
S 3 S 3
< <
+~ +~
A A
= 4 m— Summer Regime = 4 m—Summer Regime
mem \V inter Regime mem \V inter Regime
m==Transition Regime me=Transition Regime
5 | | | | | | | | | | 5 | | | | | | | | | |





image21.png
WEIGHT * RMSE

Contribution

0.4

0.3

0.2

0.1

=)

[\

—_
9}

—_

I
W

Coastal Antarctic Divergence Zone

PCO2 SST

SSS  WSPD

Winter

| |
PCO2 SST SSS WSPD PCO2 SST  SSS WSPD
Summer Transition

Antarctic Convergence Zone

PCO2 SST

SSS  WSPD

Winter

PCO2 SST SSS WSPD
Summer

Subtropical Convergence Zone

PCO2 SST S
Transition

SSS  WSPD

PCO2 SST

SSS  WSPD

Winter

PCO2 SST SSS WSPD
Summer

PCO2 SST

SSS WSPD
Transition





image22.png
TRANSITION

WINTER SUMMER
- Subtropical Convergence Zone (SCZ) < Subtropical Convergence Zone (SCZ) - Subtropical Convergence Zone (SCZ)
E4 E E4
B o meuge B R
o B,
sof O osEy A 5 “’WM
[ - o i
8o ‘@ 8° g0 go )
Mo me w0 s w0 w0 %0 s 20 s s %0 % 0 w0 s = w0 w0 w0 w0 o
PCO2 SW PCO2sW PCO2 SW
— Antarctic Convergence Zone (ACZ) - Antarctic Convergence Zone (ACZ) - Antarctic Convergence Zone (ACZ)
E,lo £ e I
8 g
o]0 e g e £
5° %o 5, 5
£ 2 . g
3 P 8. ‘ 3
o4 o o2
% e w0 w0 w0 m Yo w w0 s w0 me w0 @ o wm we m
PCO2sW PCO2sW PCO2sW
< Coastal Antarctic (ADZ) <. Coastal Antarctic (ADZ) <, Coastal Antarctic (ADZ)
EO m E E
E B0 . 5) £ o o BRES
< S < = O, e
0% 0 o O%QB %&W 8
34 B ol e 503 0
kS % o 2° 2ol Con ¥ 0f o S E o 0o FPPpe
o 8 z o % ] o ‘oo
8 o o 8 8 )
32 3+ 3
0 % w  m m o W me om0 0w w w0
PCO2 SW PCO2SW PCO2 SW
wer  wmom  concribution wer e Contribution meE  wmom  contsibution
st s om0 .





image23.png
b)

CO2 Flux (molim?)

CO2 Flux (mol/m?)

CO2 Flux (mol/m?)

scz
acz
a0z

WINTER SUMMER TRANSITION
A Subtropical Convergence Zone (SCZ) < Subtropical Convergence Zone (SCZ) s Subtropical Convergence Zone (SCZ)
E E
00 0 0 © o £ £ o
Ko © 2 H °&%W°°M°°°
o £ E2 L
£° % Ga%fo%ww% 32 o < :F fu%" o&ﬁ"w" o
8o 0% S o H 2o
0 8 8 2
10 " 12 13 14 15 16 © © 10 " 12 13 14 15 16 17 18
SST SST SsT
. Antarctic Convergence Zone (ACZ) <, . AntarcticConvergence Zone (ACZ) — Antarctic Convergence Zone (ACZ)
e 4 e 4
S oo os o8 £ °
Boloogo o £ %G
3 Beedh ° 5 & o
[ o AN g0
5 8. 8.
5 4 5 6 7 8 9 1 s 4 s 6 7 8 9 1w 3 s o 10
SST SSsT SssT
Coastal Antarctic (ADZ) T Coastal Antarctic (ADZ) < Coastal Antarctic (ADZ)
o E E
£ £ °
3 3 o 2 9990 60,
0 0 Q0 2 Xe) o of O
Al TR S e, S B o s 5ol e Cuofele
00 ° Zof o oo el I %
£ b o © o o @0 o
o o o o o
32 3
s K 05 3 2 a5 4 05 o0 05 1 2 ER “ 05 o
B B 8SsT
mee sz contribution sz weicET  Contribution sz weicET  Contribution
12786 L6071 022838 13296
Se21 vz o016z ey
s 02531 b.2a1m o.izsa1

0.3775





image24.png
WINTER

SUMMER

TRANSITION
Subtropical Convergence Zone (SCZ)

CO2 Flux (mol/m?)

€02 Flux (mol/m?)

Subtropical Convergence Zone (SCZ) < Subtropical Convergence Zone (SCZ) o
° E° £
® £ £
b E. £,
) H
o 3 EN
8s 8.
B s 5 ms s ms % wms % P s = s
Salinity Salinity Salinity
Antarctic Convergence Zone (ACZ) < Antarctic Convergence Zone (ACZ) < Antarctic Convergence Zone (ACZ)
£ o oo o 0o £ °
N % 2o £%§, 9,0 % 2 o
2o og° o % 2o
< S 2 s 2
335 34 45 35 © 33 338 339 34 341 342 343 344 S5 © 33 335

Salinity
Coastal Antarctic (ADZ)

Salinity
Coastal Antarctic (ADZ)

€02 Flux (mol/m?)

22 o 2
£ o oo £
°
X o&,tSOQﬁgb x5 0
2o SEFS @00 o 2
S A
8 8
F s T me me % M2 w4 6 M8
Salinity Salinity Salinity
msE Wi contribution WeHT  contribution wsE  wemr contribution
03999 0.18069 043722

-0.047265
0.29398

0.33487
042304





image25.png
d) WINTER SUMMER TRANSITION
&, Subtropical Convergence Zone (scz) &,  Subtropical Convergence Zone (SC2) &,  Subtropical Convergence Zone (SCZ)
3 3 £
£ £ £ o
Elo %? g £: W&g@ow
52 i F] o
[ ° @ 000" z 2o S
5|2 @ S 5
So S 8=
©% o n o2 1’ 7 s 9 10 " 12 7 5 9 10 " 12
Wmdspeed Windspeed Windspeed
o Antarctic Convergence Zone (ACZ) — Antarctic Convergence Zone (ACZ) o Antarctic Convergence Zone (ACZ)
£ £ £
g | 22 2. o ©
£ £ E "
] E] 5 ¥
T [ 0
° s 8
8- 82 82
s 9 10 n 12 1w 15 9 95 10 105 11 15 12 125 1 ) " 12 1
Windspeed Windspeed Windspeed
P Coastal Antarctic (ADZ) o Coastal Antarctic (ADZ) o, Coastal Antarctic (ADZ)
Eof oamo R £ £
£ : SO P i
X o X %0
N 0% S m&?@’og% ° E
S o
82 = 8 8-
s 6 7 8 9 10 1 w2 5 6 7 8 9 1
Windspeed Windspeed
Rz WeGET  Contribution msE weET  Contribution WEIGHT  Contribution

0.14321 0.31837

scz 1232
acz 15065 060822 0.078969 0.10867
az 13910 Z0.14766 0.10377  0.13786 -0.0065508  -0.0086695





image26.png
a) WINTER
Subtropical Convergence Zone (SCZ)

SUMMER
Subtropical Convergence Zone (SCZ)

TRANSITION
Subtropical Convergence Zone (SCZ)

) ) -
£ £ £
E} E} s
El El Bsoegno E
;amms,mo 5 350 @%o % 990 0 g,
o §o0_om o o $555 © — o e o
8 o o 8 BB 3 0% 0 %060
g @ © 8 868705, 5 @0 . g
a0 a0 w0,
o 2 1w s 16 i [ ™ PR o 1 2z 1 1 15 16 1 1
SsT SST SssT

Antarctic Convergence Zone (ACZ)

Antarctic Convergence Zone (ACZ)

Antarctic Convergence Zone (ACZ)

ssT

ssT

ssT

Coastal Antarctic (ADZ) Coastal Antarctic (ADZ)
£ o o £ T
£ o o E o £
£ @0’ S, g™ POt
% 5 0 B :
of w0 oo o & SEee |, ° &
Q o Q () o Q
¢, g ©gs8o g,
SsSsT SST SST
o conibution wer o contibation wer o conribation

a0z





image27.png
=

)

PCO2g, (uatm)
g

WINTER
Subtropical Convergence Zone (SCZ)

SUMMER
Subtropical Convergence Zone (SCZ)

TRANSITION
Subtropical Convergence Zone (SCZ)

300

400

PCO2g, (uatm)
g

~ w0
£
g
° g%m% G0t o 350
o) 3
% 300 300
S ) us = s ) S5 B s = s
Salinity Salinity Salinity
Antarctic Convergence Zone (ACZ) w00 Antarctic Convergence Zone (ACZ) 0 Antarctic Convergence Zone (ACZ)
o ol = 5*
7 7
°
N 8 § o o
2 2 o
s B s 3 Sa7 ms me W w1 W2 Ms 4 Ms 3 @s
Salinity Salinity Salinity
Coastal Antarctic (ADZ) o Coastal Antarctic (ADZ) oo Coastal Antarctic (ADZ)
3 3
5 °e H PGS, @ © o
5= P 0w & °F Sm 85&
& 0 805%00" 00 & 00 %
2 |e o 06 ©08 o Q ®® O
0 o
32 w4 ms ws st w2 w4 s Se ws ms s se ss ws
Salinity Salinity Saumry
msz WG Contribution msz WG Contribution msz WG Contribution
s 3632 4,229 045722
e 23 o 035487
Teos  -i0ens B o 022904





image28.png
TRANSITION

c) WINTER SUMMER
-, Subtropical Convergence Zone (SC2) o, Subtropical Convergence Zone (SC2) &,  Subtropical Convergence Zone (SC2)
€ € 00 3
£ o £ £ o o
Elo o olgB8o, o o H £ o St o P
52 o0 5 5 ) o
Lo ¢ © (ﬁ © oo i oo
8o ‘e 8s 8.
3 3+ 3
s o 10 m 2z 1 . 7 8 9 10 " 3 7 s 9 10 " 2
Windspeed Windspeed Windspeed
o,  AntarcticConvergence Zone (AC2) <. Antarctic Convergence Zone (ACZ) <. Antarctic Convergence Zone (ACZ)
3 3 3 °
E | g Bof o °
50 5 5
i [ o
8s - 82 82
s o 10 1 2z 1 1 15 9 95 10 105 11 15 12 125 1 ) 9 10 " 12 1
Windspeed Windspeed Windspeed
= Coastal Antarctic (ADZ) <. Coastal Antarctic (ADZ) o, Coastal Antarctic (ADZ)
£o camo E £
g © ° g © g
£ oS og E2 08,000 £
EP X o0 %0
2" 0%9 Zof oo SR LGB o E
£ o 0 < 8 £
82 < 8 8
s 6 7 8 9 10 n 12 s s 7 8 98 1w & s & 1 8 9 1
Windspeed Windspeed Windspeed
sz WEIGHT  Contribution MSE  WEIGHT  Contribution e WEIGHT  Contribution
scz
acz -0.0060822
0z Zo.14766





image29.png
d) WINTER SUMMER TRANSITION
sso,  Subtropical Convergence Zone (SCZ) Subtropical Convergence Zone (SCZ) o, Sublropical Convergence Zone (SCZ)
H o b
R B o ) s ®
LIRS SoE 3l e #8
8 ) 3 o ° 6 g
20l —2 0
o 2 4 & 8 10 12 1 o 5 10 s 2 o 2 4 6 8 10 1 1
Nirate Nitrate Nitrate
. Antarctic Convergence Zone (ACZ) o Antarctic Convergence Zone (ACZ) - Antarctic Convergence Zone (ACZ)
H 5 H
El 3 Y o S %0
% 350 Gl ° S %
] 3 ° 5 g0 o 3
2 w0 2 S 2
0 s 2 3 By 10 1 E) 2 B s B
Nirate Nirate Nitrate
Coastal Antarctic (ADZ) Coastal Antarctic (ADZ) Coastal Antarctic (ADZ)
g ™ g™ g %
H £ ° oo 00 &0800 H
EE) EEN © 00 im, o% EE
3 3 ° ° o ]
§ 100 &8 100 o ° o & 100 %y%
° S
g Q 600 oo Lo Q 08 S 0w o @
3 3 13
e 2 2 2 2 23 % 2 6 18 2 2 2 2  » s 2 B
Nirate Nirate N
meE  welGT  Contribution mSE el Contribution mSE el Contribution
scz

acz
a0z





image1.png
1500

1000

500

100

200

300
pCO2 SW(uatm)

400

500

600

b)

700

600

500

400

300

200

100

5 10 15 20 25 30
SST (Celsius)




image2.png
012
23456789111

kkkkkkkkkkk

3500

]
=
j=3

] ] ] ]

(=3 (=3 (=3 (=3 (=3

(=3 (=3 (=3 (=3 (=3

(=3 e (=3 g} (=] Ya)
o [\l [\l — —

SOOUB)SIP Pronuad-o03-jurod 9y} Jo swng

N
G
e
I

20 25 30 35 40 45 50
Number of Iterations (N)

15

10




