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Distribution of forest carbon stocks in “Three Parallel Rivers”
region based on GTWR-GBRT model

ZHOU Zhenyan', LIU Chang?, SONG Xiechen'

(1. College of Soil and Water Conservation, Southwest Forestry University, Kunming 650233, Yunnan, China;
2. College of Forestry, Southwest Forestry University, Kunming 650233, Yunnan, China)

Abstract: [Objective] Forest carbon storage plays a vital role in the global climate system and provides an
important reference for achieving carbon peak and carbon neutrality goals. Model-based methods are effective
for estimating forest carbon storage, while improving prediction accuracy remains a key challenge. [Method]
Using national forest resource inventory data and Landsat 7 and 8 imagery, 5 modeling approaches including
geographically and temporally weighted regression (GTWR), random forest (RF), gradient boosting regression
tree (GBRT), GTWR-RF, and GTWR-GBRT were applied to estimate forest carbon storage in “Three Parallel
Rivers” region from 2012 to 2021, and the optimal model was selected for final estimation. [Result] (1)

GTWR model accounted for both spatial and temporal dimensions, while GBRT model showed clear limitations
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in explaining spatial heterogeneity. When used individually, all models exhibited limited explanatory power. In
contrast, the two-stage hybrid model performed better than the single models, effectively addressing spatial
heterogeneity and the nonlinear relationships between carbon storage and environmental variables. (2) GTWR-
GBRT model achieved the best fitting performance, with the coefficient of determination (R?) of 0.98, the
prediction accuracy of 0.90, and the relative root mean square error (rppsp) of 5.91, outperforming the other 4
models, indicating that incorporating both spatiotemporal heterogeneity and nonlinearity were essential for
accurate forest carbon estimation. (3) Forest carbon storage in the study area exhibited significant positive
spatial autocorrelation. Estimates generated by GTWR-GBRT model revealed that forest carbon storage from
2012 to 2021 was unevenly distributed, mainly concentrated in high-altitude regions, showing a general pattern
of higher values in the west and lower values in the east, along with some localized high-carbon areas.
[Conclusion] Compared with various single models and other combined models, the GTWR-GBRT hybrid
model demonstrates superior fitting and predictive performance, suggesting that integrating spatiotemporal and
nonlinear characteristics within a two-stage hybrid framework can yield more accurate estimations of forest
carbon storage. [Ch, 3 fig. 6 tab. 30 ref.]

Key words: carbon stock; GTWR-GBRT model; machine learning; spatio-temporal distribution
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