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Figure S1. Validating the reconstructed NO2™ concentrations using leave-one-out cross-

validation with different data selection strategies and machine learning methods. Plots

shown in row 1 correspond to the sample random strategy (a-c), row 2 correspond to

the station random strategy (d-e), and row 3 correspond to the cruise random

strategy (g-1). Plots shown in column 1 correspond to the Random Forest (RF; a, d, and

g), column 2 correspond to the LightGBM (b, e, and h), and column 3 correspond to

the Gaussian Process Regression (GPR; c, f, and 1). The black lines and text show the

fitted linear regressions, regression equations, coefficient of determination (R?), p

values, and Root Mean Squared Errors (RMSE). The color represents the data density

(N, number of observations). Note that the logarithmic scale of N is applied.



20
21

22
23
24
25

‘g
5
E
Sample g
random =
©
2
(]
&
o)
‘TO')
E-4
5
E
Station =
(=]
random =
z
[0
1]
o
o)
‘TO')
&
5
E
Cruise =
random =
z
[
w0
o
le)

RF LightGBM GPR
a) 31b) 3(C)
2 2
1 1
y=1.001x-0.002; R*=0.997 y=1.001x-0.003; R*=0.995 ¥=0.999x+0,001; R?=0.997 |
p<0.01; RMSE=0.056 8 p<0.01; RMSE=0.070 6 p<0.01; RMSE=0.055
1 2 3 0 1 2 3 0 1 2 3
d) 3/€) 3if)
2 2
1 1
y=1.002x-0.006; R*=0.997 y=1.002x-0.005; R*=0.995 y=1.001x-0.003; R*=0.996
p<0.01; RMSE=0.058 O p<0.01; RMSE=0.071 0 p<0.01; RMSE=0.065
0 1 2 3 0 1 2 3 0 1 2 3

0 y=1.008x-0.014; R%=0.994
p<0.01; RMSE=0.080

0 1 2 3

Prediction (zmol kg'1)

2 Y 2 #
1 ; 1 ;
i y=1.006x-0.014; R*=0.993 y=1.004x-0.005; R*=0.994
7 p<0.01; RMSE=0.089 p<0.01; RMSE=0.084
0 0
0 1 2 3 0 1 2 3

Prediction (zmol kg'1)

Figure S2. Similar to Fig. S1, but for DIP.
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26
27  Figure S3. Similar to Fig. S1, but for Si(OH)a.
28
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Figure S4. Vertical profiles of NO,~ (NOs~ + NOz") reconstruction errors with different
data selection strategies and machine learning methods. Colors indicate data density;
the solid black vertical line represents the mean absolute error (umol kg™'); and the
horizontal error bars denote the +1 standard deviation range. Plots in row 1 correspond
to the sample random strategy (a-c); plots in row 2 correspond to the station random
strategy (d-f); and plots in row 3 correspond to the cruise random strategy (g-i). Plots
in column 1 correspond to the Random Forest (RF; a, d, g); plots in column 2
correspond to LightGBM (b, e, h); and plots in column 3 correspond to Gaussian

Process Regression (GPR; c, f, 1).
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Figure S6. Same as Fig. S4, but for DIP.
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Figure S7. Same as Fig. S4, but for Si(OH)a.
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Figure S8. Spatial distribution of absolute errors (absolute value of predicted subtract
observed values) for surface NOy” concentrations with different data selection strategies
and machine learning methods. Plots shown in row 1 correspond to the sample random
strategy (a-c), row 2 correspond to the station random strategy (d-e¢), and row 3
correspond to the cruise random strategy (g-1). Plots shown in column 1 correspond to
the Random Forest (RF; a, d, and g), column 2 correspond to the LightGBM (b, e, and

h), and column 3 correspond to the Gaussian Process Regression (GPR; c, f, and 1).
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Figure S9. Same as Fig. S8, but for NO>".
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Figure S10. Same as Fig. S8, but for DIP.
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Figure S11. Same as Fig. S8, but for Si(OH)a.
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73 different parameters under various data selection strategies and machine learning
74 methods.
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Figure S13. Long-term variations in reconstruction error (root mean square error)

under different data selection strategies and machine learning methods.



80
81

82
83
84
85

86
87
88

T T T T T T
y=0.987x+0.010; R?=0.997; p<0.01; RMSE=0.066
[ y=0.983x+0.007; R?=0.996; £<0.01; RMSE=0.079
y=1.001x+-0.02; R*=0.997; p<0.01; RMSE=0.064

N INg I
— = ~ [

=)

DIP (Observation, imol kg™
o N o

o
=)

e
w

L L L L

RF

LightGBM -

GPR

L

Press (db)

0
0 03 06
DIP (Prediction, zmol kg™

09 12 15 18 21 24 27 3

500
1000
1500

2000 -

2500

3000 -

3500 -

4000

4500 -

5000

-
Observation =
RF R
LightGBM F
GPR - 3

L L

0 03 06 09 12 15 18 21 24 27 3
DIP (umol kg™

Figure S14. Validating the reconstructed DIP concentrations at Station ALOHA. a)

Reconstructed DIP vs. observations: Random Forest (RF; red dots), LightGBM (blue

dots), and Gaussian Process Regression (GPR; green dots); b) Profiles of observed

(black dots) and reconstructed DIP from RF (red dots), LightGBM (blue dots), and GPR

(green dots).
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Figure S16. Temporal variations of reconstruction error profiles of NO,~ (NOs~ + NO2")

(prediction minus observations) in the upper 300 m at Station ALOHA from 1988 to
2021 with different machine learning models: Random Forest (RF; a), LightGBM (b),
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applicable to (a) and (c). (¢) Temporal variations of monthly averaged NO,~ prediction
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137 1947, (c) 1953, (d) 1958, and (e) 1966.
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Figure S24. Validation of reconstructed NOs~ concentrations from hydrography-based

reconstructions for 1929 (row 1), 1947 (row 2), 1953 (row 3), 1958 (row 4), and 1966

(row 5). Station locations are shown in Fig. S23. Columns correspond to different

reconstruction methods: Random Forest (RF; a, d, g, j, m), LightGBM (b, e, h, k, n),

and Gaussian Process Regression (GPR; c, f, i, 1, 0). Each panel displays the linear

regression fit (black line), regression equation, coefficient of determination (R*), p-

value, and root mean square error (RMSE). Note: no NOs~ observations were available

for 1929, 1947, or 1953.
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154  Figure S26. Same as Fig. S24, but for Si(OH)a.
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Figure S27. The monthly climatology of NO2™ at 5 m in the North Pacific. Data are
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mean values.
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Figure S29. Similar to Fig. S27, but for a depth of 500 m.
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Figure S35. Similar to Fig. S27, but for Si(OH)+ and at a depth of 500 m.
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The values in the title represent the spatial mean values.
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242  Figure S48. Time series of reconstructed DIP concentrations at 10 m (a), 100 m (b),
243 200 m (c), 300 m (d), 500 m (e), and 1000 m (f) for regions 1 - 5 (see Fig. 16). Data

244 were first binned by depth and region, then averaged by month.
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Figure S49. Same as Figure S48, but for Si(OH)a.
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Figure S50. Same as Figure S48, but for NO;".
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