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Dual-branch Feature-enhanced Network for Atmospheric CO. Concentration Retrieval
Based on OCO-3 and ERAS5 Data
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Abstract: Atmospheric CO; retrieval from satellite observations is often hindered by orbital variability, clouds, and aerosols, result-
ing in degraded accuracy under complex aerosol conditions. To address these challenges, this study introduced a CO, Concentration
Feature-Merging Dual-Branch Network (CCFM-DBNet) , a dual-branch feature-enhanced architecture designed for precise atmo-
spheric CO» inversion. The spectral branch integrated a Global Grouped Coordinate Attention (GGCA) module into a 2D convolu-
tional backbone to strengthen responses to key CO3 absorption bands while suppressing aerosol and water-vapor interference. The me-
teorological branch employed a Multi-Scale Residual Attention (MSRA) module that combines multi-scale convolutions, residual
connections, and channel attention to effectively capture vertical meteorological profiles. Feature vectors from both branches were
fused along the feature dimension, enabling complementary physical information and achieving end-to-end XCO> prediction. Experi-
mental results demonstrated that the CCFM-DBNet increased the coefficient of determination (R*) by 0. 65% and reduced RMSE and
MAE by 7. 83% and 9. 02%, respectively, compared with the baseline model. These improvements confirmed the method’ s effec-
tiveness in enhancing XCO; retrieval accuracy under complex atmospheric conditions.
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2.3 Multi-Scale Residual Attention module (MSRA )
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Heat maps of XCO:2 concentrations in Hefei for the four seasons of 2022 retrieved by CCFM-DBNet
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Fig. 8 Scatter plots comparing predicted versus observed XCO: for different ablation models in the Hefei region
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Table 2 Ablation experimental results in the Hefei region

B Base GCA  GGCA  MSRA_Attention  MSRA R PO RAR 22107 YRR /107
Base — — — — 0.958 6 0.5110 0.3880

a N N — — — 0.958 9(+0. 000 3) 0.509 0 0.3650

b N — N — — 0.963 7(+0.005 1) 0.4790 0.358 0

¢ N — — N — 0.964 7(+0. 006 1) 0.4718 0.3530

d N — — — N 0. 963 4(+0. 004 8) 0. 4803 0.3626

e N N N — 0. 963 9(+0. 005 3) 0.477 1 0.3539

f N N — — N 0.961 4(+0.002 8) 0.493 6 0.3719

g N N N N — 0. 960 3(+0. 001 7) 0.500 4 0.3847

h N N N N N 0. 964 8(+0. 006 2) 0.4710 0.3530
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LRl E 5] A MSRA , F7 h 45 T L LR AR BUAG I (1Y) R4
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Table 3 Ablation experimental results in the Xianghe region

Bl Base  GCA GGCA  MSRA_Attention ~ MSRA R ¥ iR 2107 SR xeF iR 2£/107°
Base v — — — — 0.8362 0.836 0 0.6120

a N N — — — 0.849 9(+0. 013 7) 0.800 1 0.5679

b N — N — — 0. 846 2(+0.0100) 0.8099 0.546 6

c N — — N — 0. 848 6(+0. 012 4) 0. 803 7 0.5830

d N — — — N 0. 836 3(+0.000 1) 0.8360 0.5875

e N N — N — 0. 846 1(+0. 009 9) 0.8102 0.578 5

f N N — N 0. 836 6(+0. 000 4) 0.8348 0.5959

g N N N — 0. 838 6(+0. 002 4) 0.8927 0.5773

h N N N 0.853 1(+0.0169) 0.7915 0.540 3
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Table 4 Comparative experimental results in the Hefei re-

gion
- B 4T R

) 2/107° 27107
RF!? 0.9277 0.6750 0.4810
gl 0.9224 0.699 7 0.500 0
WL AR bR 0.958 8 0.509 6 0.3475
CL-XGB'®! 0.933 4 0.648 2 0.4195
LightGBM'?’ 0.9352 0.6393 0.417 8
CatBoost!2) 0.935 1 0.6396 0.454 4
TR AR 0.950 1 0.5612 0.388 5
CCFM-DBNet 0.964 8 0.4710 0.3530
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