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Approach Statistics
RMSEg

(µatm)
R2

MBh

(µatm)
MRi N Model Inputs Study Area

MLRa
Model training 47.64 0.36 0.00 1.00 4036

SST, SSS, CHL, Julday GoM
Model validation 47.75 0.36 0.07 1.00 4036

MNRb
Model training 40.35 0.54 -0.00 1.01 4036 SST, log10(Kd), log10(CHL), 

cos(Julday)
GoM

Model validation 40.45 0.54 -0.13 1.01 4036

PCRc
Model training 54.68 0.19 0.00 1.03 4036

SST, SSS, CHL, Kd, ag440 GoM
Model validation 54.95 0.18 -0.14 1.03 4036

MPNNd
Model training 11.50 0.95 -0.00 1.00 3040 SST, log10(Kd), log10(CHL), 

cos(Julday)
GoM

Model validation 12.23 0.95 -0.24 1.00 1519

RFREe
Model training 9.12 0.97 0.06 1.00 4559 SST, log10(Kd), log10(CHL), 

cos(Julday)
GoM

Model validation 12.18 0.95 0.05 1.00 4559

Approach Statistics
RMSE 

(µatm)
R2

MB 

(µatm)
MR N Model Inputs Study Area

Stepwise 

MLR

Model training 14.78 0.75 0.00 1.00 704 SST, SSS, log10(ag440),

cos(Julday)
Eastern GOM

Model validation 15.59 0.73 -0.13 1.00 704

MNR
Model training 10.51 0.89 0.00 1.00 732 SST, log10(Kd), log10(CHL), 

cos(Julday)
Eastern GOM

Model validation 11.79 0.88 0.03 1.00 784

PCR
Model training 14.69 0.75 0.00 1.00 704 SST, SSS, log10(Kd), log10(CHL), 

log10(ag440), cos(Julday)
Eastern GOM

Model validation 15.40 0.74 -0.09 1.00 704

MeSAAf Model development 12.36 0.78 0.00 1.00 676 SST, SSS, log10(CHL) Northern GOM

MNR
Model training 10.35 0.84 -0.00 1.00 338

SST, SSS, log10(CHL), cos(Julday) Northern GOM
Model validation 10.98 0.83 -0.21 1.00 328

RFRE
Model training 6.68 0.97 -0.03 1.00 17,551 SST, SSS, log10(Kd), log10(CHL), 

cos(Julday)
Whole GOM

Model validation 9.12 0.94 -0.07 1.00 17,551

• Surface partial pressure of CO2 (pCO2) is a critical parameter in the quantification of air-sea CO2 flux,

which plays an important role in the global carbon budget and understanding of ocean acidification.

Different approaches have been used to quantify surface pCO2 from satellites, while the strength,

weakness, and general applicability of each in different coastal ecosystems was not evaluated yet.

• The objective of this study is to: 1) develop pCO2 models for Gulf of Maine (GoM) and Gulf of Mexico

(GOM) using different approaches; 2) quantify and compare the performance of each approach; 3)

quantify the uncertainties of the generalized approach under various conditions; 4) understand the

applicability of the generalized approach through the study of seasonal variation of surface pCO2 in

these two oceanic environments.

a Multi-linear regression; b Multi-nonlinear regression; c Principle component regression; d Multi-perception Neural Network; 
e Random forest based regression ensembles; f Mechanistic semi-analytical approach; g Root mean square error; h Mean bias; i Mean ratio.

UPD: Unbiased percent difference; MRD: Mean relative difference..
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• Comparing to the approaches of MLR, MNR, PCR,

MPNN and MeSAA, RFRE is found to have better

performance in both GoM and GOM.

• RFRE-based surface pCO2 models were developed with

uncertainty of ~12.18 uatm and pCO2 of 200~550 uatm

for GoM, and uncertainty of 9.12 uatm and pCO2 of

145~550 uatm for GOM, when applied to MODIS 1-km

data.

• The surface pCO2 model is capable to quantify low pCO2

around the Mississippi delta and the spatial variation

patterns in the GoM and GOM.

• Surface pCO2 in the GoM and GOM showed the opposite

seasonal variation patterns due to different controlling

systems.
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