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Abstract: Inland waters, such as lakes and reservoirs, have been recognized as hot spots for carbon emissions in recent
years, in which the diffuse release of greenhouse gases (GHGSs), such as carbon dioxide (CO,) and methane (CH,), occurring
at the air-water interface, is the primary pathway of carbon emissions. The water-air gas exchange coefficient (K,) is the key
factor to calculate the fluxes of GHGs diffusion. The wind speed is usually regarded as the key driver of turbulence at the
water surface of lakes and reservoirs, and is also the main factor determining the value of K. Most of the quantitative

relationships between GHGs K, and wind speed are established based on field observation data of tracer gases such as sulfur
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hexafluoride (SFg), which may be interfered by other factors. But there is still a lack of experimental research about the
influence of wind speed on the GHGs K, such as CO, and CH,4, which leads to uncertainty in quantitative assessing of the
GHGs diffuse release. The experiment of investigating the CO, and CH, concentrations change and diffuse pattern in water
under different wind speeds was conduct. The results show that the values of kg for CO, and CHy, (i.e., K. at a Schmidt
number of 600) increase with increasing wind speed, since wind will enhance turbulence on the water surface. Additionally,
wind-generated surface waves can increase the gas-liquid contact area, thereby promoting water-air interface
exchange.Comparing the kg of CO, and CH,4 under the same wind speed, it is found that the average kg value of CHy is
about 1.29 times that of CO,. It indicates that, in addition to difference in molecular diffusion, factors such as microbubble
transport flux caused by varying gas solubility also affect the water-air interface exchange. Furthermore, the differences in
water-air interface exchange among gases are influenced by water turbulence. Based on the experimental results, the formulae
for keoo of CO, and CH, under different wind speed was established. A comparison of flux calculation using measured CO,
and CH, concentration data from China's Three Gorges Reservoir with the empirical formulae for GHGS Kkego in freshwater
reservoirs recommended by the International Hydropower Association (IHA) was conducted. The results indicate that the
flux calculations obtained from different formulae show a good trend of consistency, the CO, and CH, fluxes calculated in
this study are 0.55 times and 0.72 times the mean values of the fluxes calculated using the recommended formula, respectively.
It is suggested to adopt the results from multiple calculation formulae for comparative analysis to reduce the result bias
caused by the artificial selection of different formulae. This study will deepen the understanding of the laws and differences
in water-air interface exchange for various GHGs, contribute to scientifically analyzing the impact mechanisms of GHGs
diffusion in lakes and reservoirs, and further improve the accuracy of carbon emission assessments.
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Fig.1 Wind speed ring flume and GHG concentration monitoring equipment
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Fig. 2 Velocity of wind-generated flow on the water surface at different wind speeds (a) and turbulent state of
the water surface (b), (c), (d)
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Fig.5 Functional relationship between keoo and wind speed at 10 meters above the water surface(U1o)
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Fig. 6 keoo ratios of CH4 and CO: at different wind speeds, where the red line shows the linearly fitted
trend line of the keoo ratios of CH4 and CO2 with wind speed, and the blue line indicates that the keoo ratio of
CHsto COzis 1.
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Fig. 7 Comparison of COz (a) and CH4 (b) fluxes at 20°C. The difference in CO2 and CH4 concentrations on
both sides of the air-water interface was 20 pmol/L and 0.0958 pumol/L, respectively
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