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Abstract: [ Objective ] This study aims to reveal the response characteristics and controlling mechanisms of carbon
dioxide (CO,) and methane (CH,) emissions to flood events in semi-arid intermittent rivers. [ Methods] A flood
event in the Tabu River, a typical intermittent river in the semi-arid region of Inner Mongolia, was selected as the
study case. The static chamber method was used to monitor CO, and CH, fluxes at the sediment-atmosphere
interface during the exposed riverbed stage (S1), and at the water-atmosphere interface during the early flood

stage (S2) and late flood stage (S3). Hydrological variables, water quality parameters, and sediment
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physicochemical properties were measured simultaneously. Spearman rank correlation analysis, redundancy
analysis (RDA)D , and partial least squares structural equation modeling (PLS-SEM) were used to identify the
main driving factors and pathways regulating greenhouse gas emissions. [ Results] The flood event significantly
altered river channel hydrodynamics, water physicochemical environment, and sediment structure, resulting in
asynchronous responses of CO, and CH, emissions. F., was high during the exposed riverbed stage [ (564.90+
147.29) mg/(m*-h) ], decreased markedly during the early flood stage, and slightly increased during the late flood
stage. In contrast, Fey, increased rapidly and reached a peak during the early flood stage [ (0.6240.03) mg/(m?-
h) ], then gradually declined and became stable. Correlation analysis showed that F.,, was significantly negatively
correlated with DO (p<C0.01) and strongly negatively correlated with pH (p<Z0.05) , whereas F.y, was highly
significantly positively correlated with clay and silt and negatively correlated with coarse sand. RDA results
indicated that clay, pH, and suspended sediment concentration (SSC) were the key environmental factors
explaining the variations in CO, and CH, fluxes. PLLS-SEM results further showed that F., was mainly regulated
by water physicochemical factors such as pH, SSC, and TDS, whereas F¢y, was more strongly controlled by
sediment particle size composition and its derived processes. [ Conclusion] The short-duration flood event drives
asynchronous responses of CO, and CH, fluxes in the intermittent river by altering interface conditions, water
physicochemical properties, and surface sediment particle size composition. CO, emissions are more sensitive to
changes in the water environment and interface exchange processes, whereas CH, emissions are more susceptible
to rewetting disturbance and changes in surface sediment properties. These findings indicate that carbon emission
accounting in semi-arid intermittent rivers should distinguish among different hydrological stages and separately
consider the differentiated responses of CO, and CH,.

Keywords: intermittent river; flood event; greenhouse gas fluxes; Tabu River; partial least squares structural

equation modeling
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Fig.2 Temporal variations in rainfall, discharge, water level, and suspended sediment concentration during a flood event at

Tabu River experimental sampling site
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Fig.6 Correlation matrix between COz and CHi fluxes and environmental factors
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Fig.8 Structural equation model and total standardized effects of CO2 and CH4 emissions under flood disturbance
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Table 2 Comparison of CO; and CH4 emission characteristics among different rivers during flood events
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