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Study on relationship between CH, flux and wetting at taiga-tundra boundary

In northeastern Siberia using stable isotope ratios of CH,

Ryo SHINGUBARA

Methane is one of the important greenhouse gases. Methane emission from natural wetlands is the largest
individual source of the atmospheric CH,. The size of this source depends on meteorological conditions such
as precipitation, and a significant driver of the interannual variations in the global CH,4 source. Higher water
level in wetlands and terrestrial ecosystems generally leads to higher CH, emission in spatial variation. On the
contrary, the temporal variation in the CH, emission tends to be more complicated. Flooding can increase CH,4
emission after a time lag. Higher water level can also occur with lower CH, emission. To understand the
relationship between wetting and CH,4 emission, it is necessary to assess the underlying processes, CH,
production, oxidation and transport, which are reflected in stable isotope ratios of CH,.

Taiga-tundra boundary ecosystem on the Indigirka River lowlands in northeastern Siberia has a
gradient in soil wetness conditions, corresponding to the microtopography. Higher micro-relief in the ground
level is drier and covered by green mosses, larch trees and shrubs (termed “tree mound”). Lower micro-relief is

wetter and covered by wetland vegetation, such as sphagnum mosses and sedges (“‘wet area”). Thus, this



ecosystem was assumed to have micro-reliefs in the gradient with large interannual variations in soil wetness
conditions. Actually, the ecosystem experienced a wetting event with extreme precipitation in 2011.

This study observed interannual variations in CH, flux and dissolved CH,4 concentration during the
summer from 2009 to 2013 at the taiga-tundra boundary in the vicinity of Chokurdakh (70° 37'N, 147° 55’ E)
to investigate the relationship between CH, flux and wetting. The interannual flux variations were observed
with portable manual chambers. As a complement, an automatic chamber system was modified to make
continuous observations of CH, flux. In order to assess variations in CH, production and oxidation processes
after the wetting event, 5"C and 8D of dissolved CH, were analyzed from 2011 to 2013. In addition, soil
incubation experiments were conducted under anaerobic and aerobic conditions to investigate the behaviors of
§'3C and 8D of CH, with regards to CH, production and oxidation processes in this ecosystem.

Methane flux showed large interannual variations in wet areas (36-140 mg CH4 m > day * emitted).
Increased CH,4 emission was recorded in the summer of 2011 when a wetting event with extreme precipitation
occurred. Methane emission remained relatively large in 2012, and increased further in 2013, although water
level declined from 2011 to 2013. Thaw depth became deeper from 2011 to 2013, which may partly explain
the increase in CH, emission. Moreover, dissolved CH,4 concentration showed a sharp increase of one order of
magnitude from 2011 to 2012 and increased further from 2012 to 2013.

Variations in individual §*C and 8D values of dissolved CH, (10 cm depth) became smaller from
2011 to 2012 and 2013. These & valuese clustered around the higher §"*C and lower 8D values, which were

seen in the anaerobic incubation experiment along with high CH,4 production rates, suggesting that CH,4



production was enhanced in 2012 and 2013. In addition, the lower 3D values in 2012 and 2013 suggests that
CH, oxidation became less significant after the wetting event, based on the results of aerobic incubation
experiment. These enhanced CH, production and less significant CH,4 oxidation, which could led to the
buildup of dissolved CH,4 and the increase in CH, emission, may have been caused by continued soil reduction
across multiple years following the wetting event. Additionally, the clustered and higher §-*C values of
dissolved CH, in 2012 and 2013 suggests that delayed activation of acetoclastic methanogenesis following the
soil reduction could also have contributed to the enhancement of CH, production.

This study shows a multi-year effect of wetting on CH, emission, which suggests that duration of
water saturation in the active layer can be important for predicting CH, emission following a wetting event in

permafrost ecosystem.
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