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Table S1. Summary of buoys involved in this study.

1D source Ocean basin Lon Lat Date start Date end
COARE UOP Southern Pacific 15599  -1.76  1993-01-01  1993-03-03
CMOCENT UOP Northen Atlantic -70.5 4049  1996-07-31 1997-06-13
Bengal 8[0)4 Indian Ocean 89.45 18.01 2014-12-09 2016-01-28
SUBNE UOP Northen Atlantic -22 33 1993-01-01  1993-06-14
SUBSW UOP Northen Atlantic -34 18 1993-01-01  1993-06-20
SUBCENT UOP Northen Atlantic -29 255 1993-01-01  1993-06-16
arabian UOP Indian Ocean 61.5 155  1994-10-17 1995-10-19
SUBSE UOP Northen Atlantic -22 18 1993-01-01  1993-06-18
SUBNW UOP Northen Atlantic -34 33 1993-01-01  1993-05-31
ASREX93 UOP Northen Atlantic -69.7 339 1993-12-16  1994-03-24
STARTUS UOP Southern Pacific ~ -85.15  -20.16 2000-10-08 2017-05-13
SPURSI UOP Northen Atlantic -38 2458 2012-09-16 2013-09-29
WHOTS UOP Northen Pacific ~ -157.9  22.77 2004-08-13 2017-12-31
SPURS2 UOP Northen Pacific  -125.03  10.05 2016-08-24 2017-11-05
SOFS UOP Indian Ocean 141.96 -46.69 2010-03-18 2017-11-07
NTAS UOP Northen Atlantic -51 14.83  2001-03-31 2017-12-31
2n155w TRITON  Northen Pacific -155 2 1993-03-03  2017-12-08
55125w TRITON  Southern Pacific -125 -5 1993-10-07 2017-08-24
55140w TRITON  Southern Pacific -140 -5 1996-09-08 2017-12-31
5s155w TRITON  Southern Pacific -155 -5 1995-12-28  2017-12-31
Ss156e TRITON  Southern Pacific 156 -5 1993-01-04 2014-12-24
2s5140w TRITON  Southern Pacific -140 -2 1994-10-14 2017-12-31
2s110w TRITON  Southern Pacific -110 -2 1996-05-21  2017-06-18
Onl56e TRITON  Northen Pacific 156 0 1993-02-09  2017-12-31
Onll10w TRITON  Northen Pacific -110 0 1993-05-09  2017-06-17
Onl25w TRITON  Northen Pacific -125 0 1993-01-02  2017-09-21
Onl40w TRITON  Northen Pacific -140 0 1993-04-28 2017-12-28
Onl47e TRITON  Northen Pacific 147 0 1994-04-29  2015-07-20
Onl55w TRITON  Northen Pacific -155 0 1994-10-23  2017-03-29
S5s110w TRITON  Southern Pacific -110 -5 1993-03-14  2017-12-29
Sn95w TRITON  Northen Pacific -95 5 1996-05-10  2017-10-18
5nl56e TRITON  Northen Pacific 156 5 1994-12-18  2014-07-22
5n170w TRITON  Northen Pacific -170 5 1993-04-06  2017-12-30
2s165¢ TRITON  Southern Pacific 165 -2 1994-04-19  2017-09-22
5n140w TRITON  Northen Pacific -140 5 1993-10-17  2017-12-31
2s156¢ TRITON  Southern Pacific 156 -2 1996-07-29  2016-10-10
2s155w TRITON  Southern Pacific -155 -2 1994-05-25 2017-10-04
2s5170w TRITON  Southern Pacific -170 -2 1993-11-13  2017-11-06
2s5180w TRITON  Southern Pacific ~ -179.5 -2 1994-06-09 2017-12-10
2595w TRITON  Southern Pacific -95 -2 1993-01-01  2017-08-16
Snll0w TRITON  Northen Pacific -110 5 1993-03-15  2017-12-30
5nl25w TRITON  Northen Pacific -125 5 1993-10-03  2017-03-21
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Table S2. Evaluation of the importance scores of 17 features for modeling air-sea turbulent

heat fluxes

Forcing variables

Importance scores - %

SHF LHF
ADT 1.08 1.42
SLA 0.81 1.18
T, 0.46 1.03
O 6.66 0.87
SLP 0.72 2.06
Sw 251 1.14
LW 0.82 1.23
diffy 0.85 49.93
SSS 0.85 1.13
SSD 0.75 1.1
T 0.25 0.41
Os 0.29 0.43
cs 0.82 1.25
WS 10.19 27.59
SWH 0.7 1.15
T, 0.68 1.43
diffy 71.56 6.66
Total 100 100
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Table S3. Statistical metrics of the spatial ten-fold cross-validation of estimated daily sensible

23 heat flux (SHF), latent heat flux (LHF) and Bowen ratio (#, SHF/LHF) from the Bowen ratio-
24 constrained air-sea turbulent heat fluxes (BrTHF) model, physics-free Neural Network (NN)
25 models and seven widely used products, with and without removing estimated § (f <-Sor >
26 5 in the physics-free NN and seven widely used products) that deviates from the range of S
27 observations collected from the 197 buoys.
Samples (459293)
All Samples (463585) .
excluding f<-Sorf>5
SHF LHF p SHF LHF p
BIAS (W/m?) -2.54 -1.61 -0.04 -2.49 -1.64 -0.03
JOFURO
3 RMSE (W/m?) 9.18 30.41 10.02 9.45 30.46 0.23
r 0.87 0.86 0.0 0.91 0.86 0.28
BIAS (W/m?) 4.05 -7.3 0.04 4.06 -7.38 0.04
IFREME
R RMSE (W/m?) 9.49 29.81 53 9.45 29.81 0.18
r 0.91 0.87 0.03 0.91 0.86 0.46
BIAS (W/m?) -0.88 0.49 -0.01 -0.88 0.46 -0.01
SeaFlux RMSE (W/m?) 6.93 279 0.87 6.89 27.97 0.18
r 0.91 0.88 0.06 0.91 0.87 0.34
BIAS (W/m?) 2.16 8.35 0.01 2.24 8.41 0.01
ERAS RMSE (W/m?) 7.05 28.29 23 6.99 28.38 0.17
r 0.91 0.89 0.03 0.91 0.89 0.4
BIAS (W/m?) -0.43 13.48 -0.01 -0.41 13.58 -0.01
MERRA2 RMSE (W/m?) 6.56 35.54 6.42 6.53 35.67 -0.17
r 0.92 0.84 0.0 0.92 0.84 0.39
BIAS (W/m?) -0.41 -6.2 -0.01 -0.37 -6.29 -0.01
OAFlux RMSE (W/m?) 7.85 32.87 1.84 7.8 32.96 0.19
r 0.9 0.83 0.03 0.9 0.83 0.35
BIAS (W/m?) -3.44 -10.19 0.01 -3.38 -10.3 -0.03
OHF RMSE (W/m?) 12.34 36.05 23.08 11.97 36.07 0.26
r 0.69 0.81 0.0 0.71 0.8 0.13
Physical-  BIAS (W/m?) 0.42 -2.0 -0.03 0.43 -2.04 0.01
free NN RMSE (W/m?) 6.29 25.72 39.21 6.24 25.79 0.17
models r 0.93 0.9 0.01 0.93 0.89 0.40
BIAS (W/m?) 0.09 0.14 -0.01 0.06 0.05 -0.0
BrTHF  RMSE (W/m?) 6.05 23.67 0.22 6.0 23.69 0.15
r 0.93 0.91 0.25 0.93 0.91 0.43

28
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30  Figure S1. The cumulative distributions of daily 1t and 99" percentiles of # calculated from
31 seven products and their union ensembles. The red dashed lines in each sub-figures represent

32  the medians of the 1°* and 99 percentiles, respectively.



