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Introduction
The observed climate changes and increase of the content of carbon 

dioxide and methane in the atmosphere,1‒3 which are both greenhouse 
gases and the basis of the carbon cycle in nature, dictates the need for 
detailed study of the carbon cycle in the “water – atmosphere” system 
for the natural complexes on different scales from global to local.3 
The vast territory and variety of natural complexes of Siberia, which 
is considered in all scenarios as one of the most important regulators 
of the carbon cycle in the Northern Hemisphere2‒6 requires careful 
study. Undoubtedly, Lake Baikal is one of the natural objects of world 
significance in Siberia.7 Previously, the main features of seasonal and 
diurnal behavior of the concentrations of dissolved gases, biogenic 
elements, amplitude and direction of the CO2 fluxes were determined 
from the data of our multi-year measurements in the coastal zone of 
Southern Baikal at the Baikal Atmospheric-Limnological Observatory 
(51°54′N, 105°04′E).7,8 An empirical model of the diurnal behavior 
of the fluxes and partial pressure of carbon dioxide in water was 
proposed for the open water period.9 Obviously, applicability of the 
results obtained at single observation site for the littoral zone on whole 
requires additional study in order to estimate the spatial distribution of 
the process components (first of all, prevalent flux direction). To solve 
this problem, we organized measurements of the spatial distribution 
of CO2 and CH4 in summer in the littoral zone of the lake (Southern 
Baikal in 2014, Northern Baikal in 2016, and Middle Baikal in 2017).

Results
The flux of СО2 and СН4 in the “water – atmosphere” system can 

be calculated by the formula:

			   gF kDP= 		  (1)

Where, 
g g

(PC pC )
g

DP = −  РСg, pСg is the partial pressure of 
carbon dioxide (or methane) in the surface water and the near-water 
atmosphere, respectively, k is the exchange coefficient dependent on 
the wind velocity. The value ∆Рg determines the sign of the measured 

gas flux, and we use it for description of the spatial pattern of the 
distribution of the flux direction.

Carbon dioxide

As is seen (Figure 1), negative values of the difference of partial 
pressure of СО2 in the water and in the atmosphere (sink) are 
observed in summer practically along the whole perimeter of the lake. 
One should especially emphasize that the difference of the partial 
pressures is distributed over the water area quite uniformly. The flux 
of carbon dioxide to the atmosphere is observed only in closed bays 
with obvious anthropogenic impact.

Figure 1 Spatial distribution of the difference of partial pressures of carbon 
dioxide in the surface water and the atmosphere dР = Рwat - Рatm (green columns) 
(negative value means the sink from the atmosphere to the water surface); 
СО2 flux according to the data of chamber measurements at some sites (red 
columns); (A) Shows the distribution over Southern and Middle Baikal; (B) 
Shows the distribution over Northern Baikal.

Methane

Distribution of the difference of partials pressures of СН4 between 
the water and the atmosphere is absolutely different from that of СО2. 
The methane partial pressure in water exceeds its pressure in the 
atmosphere in all littoral zone (Figure 2). Hence, the flux is directed 
to the atmosphere, and all littoral zone is the source of emission of 
methane into the atmosphere. The most noticeable enhancement of 
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Abstract

Earlier we performed all our multi-year investigations of the gas-exchange processes at 
single measurement site (Baikal Atmospheric-Limnological Observatory, BALO) in the 
littoral of Southern Baikal and, therefore, the main conclusions are based on these multi-
year data, so the problem inevitably arises on applicability of our conclusions and estimated 
for all littoral zone. Measurements of the spatial variability of the characteristics of this 
process in all littoral zone of the lake were carried out in 2014 – 2017. The partial pressure 
of carbon dioxide and methane in the near-water layer of the atmosphere were recorded 
from onboard the research vessel “I.D. Papanin”.
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the methane concentration in water was recorded when approaching 
to the coastal line and, as a rule, the most significant increase was 
observed near the river mouths and bays.

Figure 2 Spatial distribution of the difference of partial pressures of methane 
in the surface water and the atmosphere dР = Рwat - Рatm (positive value means 
the emission into the atmosphere from the water surface); СH4 flux according 
to the data of chamber measurements at some sites (red columns); (A) Shows 
the distribution over Southern and Middle Baikal; (B) Shows the distribution 
over Northern Baikal.

Conclusion
With respect to the estimation of the carbon balance in the 

“atmosphere-water surface” system, let us note that comparison of 
the difference between the partial pressures ∆РСО2 and ∆РСН4 and 
the total estimate of their fluxes (in terms of carbon) shows that in 
summer, in the littoral zone of Baikal, the sink of carbon from the 
atmosphere caused by the fluxes of carbon dioxide is much greater 
than its emission from the water surface due to methane evacuation.

Acknowledgments 
Authors are grateful to the crew of the research vessel “I.D. 

Papanin” for their dedicated work and assistance in the research.

Conflict of interest
None.

References
1.	 IPCC. Climate Change 2014: Synthesis Report. Contribution of 

Working Groups I, II and III to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change. In: Pachauri RK, Meyer 
LA, editors. Geneva, Switzerland: IPCC; 2014. p. 1–169.

2.	 Ciais P, Sabine C, Bala G, et al. Carbon and Other Biogeochemical 
Cycles. In: Stocker TF, et al. editors. United Kingdom and New York, 
NY, USA: Cambridge University Press, Cambridge; 2013. p. 465–570. 

3.	 Le Quéré C, Moriarty R, Andrew RM, et al. Global carbon budget 2014. 
Earth Syst Sci Data. 2015;7:47–85. 

4.	 Quegan S, Beer C, Shvidenko A, et al. Estimating the carbon balance 
of central Siberia using landscape-ecosystem approach, atmospheric 
inversion and dynamic global vegetation models. Glob Change Biol. 
2011;17(1):351–365. 

5.	 Tranvik LJ, Downing JA, Cotner JB, et al. Lakes and reservoirs 
as regulators of carbon cycling and climate. Limnol Oceanogr. 
2009;54(6):2298–2314.

6.	 Rantakari M, Kortelainen P. Interannual variation and climatic regulation 
of the CO2 emission from large boreal lakes. Global Change Biol. 
2005;11(8):1368–1380. 

7.	 Mikhail P, Dmitry P, Mariya S, et al. Air-Water Carbon Dioxide Exchange 
in the Littoral Zone of Lake Baikal (Ice-Free Period). International 
Journal of Geosciences (IJG.). 2013;4(10):1339–1345. 

8.	 Domysheva VM, Pestunov DA, Sakirko MV, et al. Carbon dioxide, 
oxygen, and biogenic elements in subglacial water in the littoral zone of 
Southern Baikal (2004–2016). Atmospheric and Oceanic Optics. 2017. 
30(3):277–283. 

9.	 Pestunov DA, Shamrin AM, Domysheva VM, et al. Diurnal behavior of 
the flux and partial pressure of carbon dioxide in the surface water in solar 
timecoordinates (the period of open water in the South Baikal littoral in 
2004–2015). Atmospheric and Oceanic Optics. 2017;30(4):372–381.

https://doi.org/10.15406/ijh.2018.02.00068
https://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full_wcover.pdf
https://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full_wcover.pdf
https://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full_wcover.pdf
https://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full_wcover.pdf
https://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Chapter06_FINAL.pdf
https://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Chapter06_FINAL.pdf
https://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Chapter06_FINAL.pdf
https://www.earth-syst-sci-data.net/7/47/2015/essd-7-47-2015.pdf
https://www.earth-syst-sci-data.net/7/47/2015/essd-7-47-2015.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2486.2010.02275.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2486.2010.02275.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2486.2010.02275.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2486.2010.02275.x
https://aslopubs.onlinelibrary.wiley.com/doi/abs/10.4319/lo.2009.54.6_part_2.2298
https://aslopubs.onlinelibrary.wiley.com/doi/abs/10.4319/lo.2009.54.6_part_2.2298
https://aslopubs.onlinelibrary.wiley.com/doi/abs/10.4319/lo.2009.54.6_part_2.2298
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2486.2005.00982.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2486.2005.00982.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2486.2005.00982.x
https://www.scirp.org/journal/PaperInformation.aspx?PaperID=41167
https://www.scirp.org/journal/PaperInformation.aspx?PaperID=41167
https://www.scirp.org/journal/PaperInformation.aspx?PaperID=41167
https://link.springer.com/article/10.1134/S1024856017030058
https://link.springer.com/article/10.1134/S1024856017030058
https://link.springer.com/article/10.1134/S1024856017030058
https://link.springer.com/article/10.1134/S1024856017030058
https://link.springer.com/article/10.1134/S102485601704008X
https://link.springer.com/article/10.1134/S102485601704008X
https://link.springer.com/article/10.1134/S102485601704008X
https://link.springer.com/article/10.1134/S102485601704008X

	Title
	Abstract
	Keywords
	Introduction
	Results
	Carbon dioxide 
	Methane

	Conclusion
	Acknowledgments
	Conflict of interest 
	References
	Figure 1 
	Figure 2

