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Abstract: A comprehensive understanding of the absorption and emission characteristics of greenhouse gases is vital for 



 

estimating the carbon budget of lakes. At Lake Poyang, however, most research has focused on wetland vegetation rather than 

open waters. In this study, we conducted high-frequency surface and profiling observations of methane (CH) and carbon dioxide 

(CO) concentrations in the open waters of the northern part of Lake Poyang last summer. Our study revealed significant diurnal 

variations in aquatic CO concentrations, with daytime surface levels (mean: 15.02 ɛmol/L) being notably lower than night-time 

concentrations (mean: 22.30 ɛmol/L). This pattern strongly corresponds to diurnal CO flux dynamics: daytime fluxes transition 

from emission to absorption around noon (115.7 Ñ 288.6 mg/mĮ/h), whereas consistent CO emissions dominate night-time periods 

(207.8 Ñ 156.7 mg/mĮ/h). Furthermore, distinct vertical stratification was observed in the CO concentration profiles of the water 

column, indicating pronounced heterogeneity in the subsurface. In contrast, surface CH concentrations (0.1ï0.31 ɛmol/L) 

exhibited significant fluctuations without a clear diurnal rhythm; meanwhile, CH fluxes exhibited higher daytime values and 

lower night-time emissions. CO concentrations showed significant negative correlations with dissolved oxygen (DO), water 

temperature, and chlorophyll content, but positive correlations with relative humidity and nitrate-nitrogen concentrations. CH 

concentrations showed a significant positive correlation with net radiation irradiance and inorganic carbon (DIC) concentrations 

(p < 0.01) and a significant negative correlation with net longwave radiation (p < 0.01). Single-time sampling is never temporally 

representative of daily averages and daytime sampling alone may underestimate CO concentrations by up to 19.9%. At Lake 

Poyang, the optimal sampling times are 14ï16 hours for CH and 10ï12 hours for CO. This study revealed the high-frequency 

diurnal variation characteristics of greenhouse gas concentrations in Lake Poyang. This provides support for quantifying the 

uncertainties associated with key variables in the carbon cycle, as well as for accurately estimating the lake's carbon budget. 

Keywords: Methane; Carbon dioxide; High-frequency observation; Concentration gradient; Lake Poyang 
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Fig.1.  Location of (a) the Lake Poyang and its basin and (b) the sampling site as well as (c) the photo of the sampling platform. 
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Fig.2. Diurnal variations in (a) air temperature, (b) wind speed, (c) relative humidity, (d) net radiation irradiance and (e) total radiation 

irradiance during the period from August 16th to 24th. The shaded areas represent nighttime. The red dotted line represents the 

experimental period. 

 

3. ᵣ̂aïb̃ CH4 ̂cïd̃ CO2 ̆ ҹ2024-08-16̂***ף ΐ ̆p<0.001̃ 

Fig.3. Diurnal variations in (aïb) CH concentrations and (cïd) CO concentrations of lake surface water during the period from August 

16th, 2024 to the next morning. (*** indicates a statistically significant difference. p<0.001) 


