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Abstract: Reservoirs significantly alter carbon flux and storage along riverine systems, playing a critical role in the global carbon
cycle. The carbon source—sink dynamics of reservoirs are influenced by a complex interplay of natural conditions, reservoir
characteristics, and operational management. However, data on the dynamics of CO: fluxes at the water—air interface under
varying hydrological regimes remain scarce, limiting the accuracy of carbon budget assessments. This study investigates the
Danjiangkou Reservoir in a subtropical monsoon region. Using eddy covariance observations from April 2022 to February 2024

and Structural Equation Modeling (SEM), we quantitatively analyzed the seasonal variations in CO: fluxes and their driving
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factors during wet and dry periods. The results indicate that the annual mean CO: flux was 0.12 + 1.93 pmol/(m?'s), characterizing
the reservoir as a weak carbon source with pronounced seasonal variation. Specifically, the reservoir acted as a carbon source
during the wet period (April to October; 0.97 + 1.22 pmol/(m?'s)) but shifted to a carbon sink during the dry period (November
to March; —1.13 + 2.04 pmol/(m?-s)). SEM analysis revealed that energy-related factors, particularly sensible heat flux, were the
most direct and significant negative influence on CO: fluxes in both periods, with a stronger effect during the dry season. During
the wet period, inflow and physical water properties significantly enhanced CO: emissions, whereas in the dry season, the
influence of phytoplankton and nutrients reversed from positive to negative, indicating an increased contribution of biological
processes to CO: uptake. These findings elucidate the seasonal source—sink dynamics and their driving mechanisms in the
Danjiangkou Reservoir under different hydrological regimes, providing a scientific basis for refined carbon budget assessments
and informed, carbon-oriented management strategies.
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Fig. 1 Location of Danjiangkou Reservoir and Observatory Site Map
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Fig. 2 Daily variation of some environmental factors during the observation period in Danjiangkou Reservoir

(Shaded areas indicate the wet season; unshaded areas indicate the dry season.)
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Tab.1 Characteristics of environmental factors in Danjiangkou Reservoir during different periods of time

28 AES R A W F KM iK1 P
Ta/C 19.51 +8.64 24.31 £5.37 9.88 +5.26 <0.001
Tw/C 20.29 £7.42 24.40 £4.83 12.04 +4.05 <0.001
Rn/ (W/m?) 110.47 +82.80 137.32 £76.76 56.70 £66.80 <0.001
LE/ (W/m?) 51.16 +36.78 63.30 +36.69 34.64 +£29.84 <0.001
H/ (W/m?) 9.63 +17.03 4.29 +£10.81 16.86 +20.85 <0.001
U/ (mis) 2.29+0.81 2.29+0.81 2.28 +0.81 0.87
RH/% 47.04 £18.30 57.19 £10.63 33.23 £17.50 <0.001
VPD/kPa 1.16 +0.51 1.42 +0.50 0.82 +0.25 <0.001
PA/kPa 99.83 +0.92 99.30 +0.69 100.30 +0.83 <0.001
WL/m 160.72 +3.93 160.30 +3.30 161.55 +4.84 0.08
Qin/ (M*/s) 1231 +1363 1517 +1586 660 +227 <0.001
Qou/ (M*/s) 1144 +696 1222 +820 988 +269 <0.001
pH 8.09 +0.39 8.26 +0.34 7.79 +0.29 <0.001
DO/% 9.45 +1.88 9.63 +1.85 9.14 +1.89 0.13
EC (uS/cm) 258.95 +24.38 250.03 +24.76 274.22 +£13.94 <0.001
TP (mg/L) 0.02 +0.03 0.01 +0.04 0.02 +0.01 <0.001
TN (mg/L) 1.07 +0.22 1.00 +0.23 1.20 +0.12 <0.001
Chl.a/ (mg/L) 0.03 +0.04 0.04 £0.05 0.02 +0.02 <0.001
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Fig. 3 Characteristics of changes in CO; fluxes during the wet and dry period at Danjiangkou Reservoir
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Fig. 4 SEM path diagrams of environmental regulation mechanisms for CO; fluxes in Danjiangkou Reservoir during (a) the wet period
and (b) dry period
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Fig. 5 Direct, indirect, and total controls of environmental factors on CO, flux in Danjiangkou Reservoir during (a) the wet period and
(b) dry period
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Tab.2 Comparison of CO, fluxes at the water-gas interface in inland waters from previously publications in the world and current study
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