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Abstract

[Objective] This study aims to clarify the staged evolutionary characteristics of forest carbon sinks
during the reconstruction and cultivation of low-efficiency forests, and establish a turning point
identification mechanism to provide technical support for the dynamic monitoring and manage-
ment of carbon storage. [Method] Taking young and middle-aged low-efficiency forests in Shangluo
City, Shaanxi Province as the research object, multi-source data from 2000 to 2023 (including Land-
sat remote sensing indices, field-measured carbon content and biomass) were integrated. The slid-
ing window method and piecewise regression model were adopted to quantify the annual change
slope of carbon storage, and further identify the key turning points of carbon storage accumulation.
[Result] The aboveground carbon storage showed accelerated and stabilized turning points in the
22nd and 31st years after reconstruction and cultivation, with the annual growth rate increasing
from 0.9 Mg-ha *-yr~* to 3.8 Mg-ha *-yr %, and then decreasing to 1.0 Mg-ha *-yr~’. The response of
soil carbon storage lagged by approximately 1.5 years, with the corresponding turning points ap-
pearing in the 23.5th and 32.6th years. [Conclusion] The established mechanism of “sliding window
+ piecewise regression + multi-index fusion” can effectively capture the staged signals of carbon
sink transition in low-efficiency forests. The innovation of this study lies in proposing a turning
point discrimination framework integrating multi-source time-series data and statistical models,
which enhances the quantitative capability of dynamic monitoring. It is clarified that there is a sys-
tematic lag of about 1.5 years between the responses of aboveground and soil carbon sinks, provid-
ing a temporal basis for differentiated carbon management. This mechanism can provide scientific
support for the accurate assessment of forest carbon sinks and the management of ecological ser-
vices.
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Figure 1. Carbon storage change curve of rehabilitated forest stands
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Table 1. Annual increment of carbon storage in sample plots
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Table 2. Identification of turning points for aboveground and soil carbon storage based on piecewise regression model
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Table 3. Summary of carbon sink response characteristics across key stages before and after turning points
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