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Table 1. Details of the Feature Data.

Variable Description Spatial Resolution Temporal
Resolution

Temporal
Coverage

Data Source

Temperature
(◦C)

Seawater temperature 0.5◦× 0.5◦; 187
standard depth levels
(surface–5500 m)

Monthly Jan 1960–
Jun 2024

Szekely et al. (2025)

Salinity Seawater salinity 0.5◦× 0.5◦; 187
standard depth levels
(surface–5500 m)

Monthly Jan 1960–
Jun 2024

U (m s−1) U -wind vector
component at 10 m

0.25◦× 0.25◦ Monthly Jan 1993–
Aug 2023
TS1

Mears et al. (2022)

V (m s−1) V -wind vector
component at 10 m

MLD (m) Ocean mixed layer
depth

0.25◦× 0.25◦ Monthly Jan 1993–
Dec 2022

Guinehut et al. (2012)

DIC
(µmol kg−1)

Surface ocean
dissolved inorganic
carbon

0.25◦× 0.25◦ Monthly Jan 1985–
Dec 2023
TS2

Chau et al. (2022, 2024)

pH Surface pH on total
scale

pCO2 (µatm) Surface aqueous partial
pressure of CO2

CO2 flux
(mol m−2 yr−1)

Surface downward flux
of total CO2

Alkalinity
(µmol kg−1)

Total alkalinity in
surface seawater

PAR
(mol m−2 d−1)

Photosynthetically
available radiation

4 km/9 km Monthly Oct 1997–
Feb 2025

NASA Ocean Biology
Processing Group (2018)

Chl-a
(mg m−3)

Mass concentration of
chlorophyll in surface
water

SSH (m) Sea surface height
above geoid

0.25◦× 0.25◦ Monthly Jan 1993–
Aug 2023

Hauser et al. (2020)

EKE (cm2 s−2) Surface averaged eddy
kinetic energy

(CCMP) product (Mears et al., 2022). Mixed-layer depth
(MLD) is obtained from the CMEMS Multi-Observation
Global Ocean 3D product (Guinehut et al., 2012). Dynam-
ical variables include sea surface height (SSH) and eddy
kinetic energy (EKE), both derived from AVISO satellite5

altimetry (Hauser et al., 2020). Bio-optical variables com-
prise photosynthetically active radiation (PAR) and chloro-
phyll a (Chl-a) from NASA Level-3/Level-4 ocean-color
products (NASA Ocean Biology Processing Group, 2018).
Carbon-chemistry variables include dissolved inorganic car-10

bon (DIC), total alkalinity, pH, sea surface partial pressure of

CO2 (pCO2), and CO2 flux, all obtained from the CMEMS
Surface Ocean Carbon Fields product (Chau et al., 2022,
2024). All feature variables, last accessed in March 2025,
were standardized onto a uniform monthly 0.5◦ grid to main- 15

tain spatial consistency across the reconstruction.

3 Method

The overall workflow for constructing the GEOXYGEN
dataset is illustrated in Fig. 2, comprising data collec-
tion and preprocessing, heterogeneity-based partitioning, and 20
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The changes in the temporal coverage of the U/V wind fields and the carbon-chemistry variables are correct. During the final reconstruction, updated environmental predictor files were used for these variables, but the corresponding temporal coverage in Table 1 had not been synchronized in the previous proof. This correction only updates the metadata information in Table 1 and does not affect the model results, analyses, or conclusions.


	Abstract
	Introduction
	Data
	Oxygen Data
	Feature Data

	Method
	Gridding and Aggregation
	Heterogeneity-Based Partitioning
	Adaptive Regional Modeling
	Hyperparameter optimization and validation

	Results
	Variable Associations and Feature Contributions
	Model evaluation
	Long-term dataset
	Comparison with other products
	Comparison with WOA23

	Discussion
	Uncertainty Analysis
	Impact of Removing Surface Predictors on Trends
	Ship-Only Analysis of Long-Term Trends
	Boundary Fusion Effects

	Data availability
	Code availability
	Conclusions
	Author contributions
	Competing interests
	Disclaimer
	Acknowledgements
	Financial support
	Review statement
	References

