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Methane budget of Taiga-Alas ecosystem
in continuous permafrost region
(Central Yakutia, Russia)
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Introduction: Central Yakutia is located in potentially risky region to global warming. Taking into account
that the present climate change is already underway, this region can be a huge source of CH,. In Central
Yakutia, there are 16,000 mature thermokarst depressions called “Alas”. Since these thermokarst
* depressions are closed ecosystems without runoff from the depression, accumulation of great amount of
organic matter proceeds inside the depression. Due to the high accumulation of organic matter inside the
depression, flooding with the expansion of pond area can lead to the high emission of CHy. The goal of this
~ study is to estimate CH, budget in Taiga-Alas ecosystem, taking into account main sources and sinks of CH,
in forests, grasslands and ponds composing the Taiga-Alas ecosystem.

Study sites: Four thermokarst depressions in typically different stages of thermokarst formation were
chosen in the east bank of the Lena River, approximately 50 km east from Yakutsk city (62°54 N, 130°33'E). The
stage I was characterized by the small polygonal subsidence of deforested areas, The stage Il was characterized by a
well-depressed area with a hillocky bottom, slopes and a periodical small pond. The stage Il was characterized by
a deeper depression fully filled with water supplied from the melted ice complex and nm-off water from the
surrounding forests. The stage IV was characterized by a mature and stable thermokarst depression with a pond, and
steppe vegetation inside. At the dry and wet grasslands, ponds of the thermokarst depressions and surrounding
forests, CH, fluxes from soil and via aerenchyma of aquatic vegetation, CH, ebullition in pond, CH,
production in pond sediment, and CH, content trapped in ice wedge were measured. CHy fluxes from soil
and via aerenchyma of aquatic vegetation were measured by closed chamber method. CH, ebullition was
measured by using floating gas traps during summer and winter periods at three locations from the edge to
the center of pond. CH, production in pond sediment was measured by in situ incubation, During the
observation period of 2006-2009, climatic conditions of studied area were wanmer than long term average
value, but changed from wetter to drier.

CH, emission from different stages of thermokarst in Central Yakutia: Cumulative CH, flux of Taiga-Alas
ecosystem showed significant difference between land covers (forest, grassiand and pond) and years (from
2006 to 2009). Forests suxromiding three different thermokarsts showed net CHy uptake from the
atmosphere in all observation years. Dry grasslands took up CHj in all observation years other than 2008,
but the values were not significantly different among the sites (from -0.17 + 0.1Q to 0.26 = 0.28 kg C ha
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period™). Wet grasslands always emitted CH, which ranged from 0.11 to 397 kg C ha™ period”. The highest
CH, emission in each year was recorded from the oldest stage IV. Ponds also always emitted CH,.
Averaged CH, emission in three studied ponds was lowest in 2007, which was 46.4 kg C ha”, while it was
140, 193 and 240 kg C ha' in 2006, 2008 and 2009, respectively. The emission of CH, via aerenchyma of
aquatic vegetation had significant quota, which accounted for 793% to 95.1% of ‘whole ecosystem CH, emission
in wet grasslands, and 32.1 to 88.4% in ponds.

CH; ebullition from the thermokarst ponds: CH, ebullition from the surface of pond during summer was
estimated as 4.92, 4.01 and 1.84 kg C ha™ from the edge, middle and center of pond, respectively. Averaged
CH, ebullition in winter time was 5.11 kg C ha™ in the edge and middle of pond, respectively, and 0.43 kg C
ha in the center of pond. Annual CHj ebullition was estimated to be 10.3, 9.1 and 9.9 kg C ha from edge,
middle and center of ponds, respectively. Consequenitly, CHj ebullition accounted for 3.3 to 5.6% of total
CH,emission from pond. '

CHj, production and consumption in thermokarst pond: Cumulative production of CH, in sediments
measured by in-sifu incubation ranged from 39.5 kg C ha™ at the middle of pond to 2,369 kg C at the center
of pond. At the edge of pond, it was estimated as 629 kg C ha’. At the same time, dissolved CH, content in
the pond was very small (0.22 to 0.25 kg C ha™), although dissolved total C content in the pond was very
high (1,699 t0 2,017 kg C ha™). Therefore, CH, should be oxidized in the pond, and total oxidation of CH,
was estimated to be 54 to 97% of CH, produced in bottom sediments.

CH, content in permafrost: CH, storage in permafrost with an ice~-wedge complex, which was estimated
from volumetric content of ice and CH, concentration in ice and frozen soil in permafiost, was 2.6 kg C ha™.
It was significantly small compared to the CH, emission from thermokarst pond. Therefore, current
microbial CHy production in thermokarst pond can be a main source of considerably high CH, emission in
this region. '

CH, budget in thermokarst depression of Central Yakutia: Based on the precise measurements of the
CH, fluxes and CH, production in thermokarst depression, annual CH, budget in the depression of the stage
IV (63.7 ha) was estimated. Land covers (dry and wet grassland and pond area) changed due to flooding.
Pond area increased from 20.4 ha in 2006 to 43.3, 46.5 and 44.4 ha in 2007, 2008 and 2009, respectively.
Within those pond areas in respective years, 10.2, 26.0, 23.2 and 17.7 ha were occupied by aquatic
vegetation. Including CH, emission from dry and wet grasslands, pond and pond vegetation, annual total
CH, emission from the total area of the depression was 3.1, 5.2, 21.7 and 50.1 Mg C area™. Such difference
of annual CH, emission was caused by the flooding in grasslands with easily decomposable organic C
stored in the soils. Annual CH, emission from the pond surface accounted for 14.8% of the CH, production
in the pond in 2006 and 11.8% in 2007, then increased to 37.6 and 100% in 2008 and 2009, respectively.
Upscaled CH,4 budget for Central Yakutia: Using three years (2006-2008) available GIS land cover data
based on satellite images (ALOS) in the area of 71.2 kmn? including the studied thermokarst depressions and
four year average of cumulative CH, fluxes in each land cover, averaged CH, budget in the area was
estimated. In this area, forest occupied 46.4 km’, and the sum of grasslands and ponds in thermokarst
depressions accounted for 15.7% of the total area. However, during the three years, the areas of ponds and
grasslands changed due to flooding. Pond area increased by almost 8 times, from 0.4 km? in 2006 to 3.5 km?
in 2008. Such increase in pond area led to decrease of grasslands area. Area of aquatic vegetation increased
from 0,04 km® in 2006 to 0.8 km” in 2008, respectively. CH, uptake by forest in this area was estimated as
2.6, 1.3 and 3.7 Mg C area” in 2006, 2007 and 2008, respectively. CH, emission from grasslands was
estimated to be 1.8 Mg C area™ in 2006 and 8.2 Mg C area” in 2007, but significantly increased to 106.1 Mg
C area™ in 2008, due to increase of effect of flooding. CH, emission from pond increased gradually from 6.0
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to 10.7 and 674 Mg C area” from 2006 to 2008. CH, emission from the area covered by aquatic plants
despite of their smallest area of in the area also was high, and amounted 10.4 and 56.9 Mg C area™ in 2007
and 2008, respectively.

Conclusion: Most important factor controlling amount of CH, emission from thermokarst depression was
fluctuation of pond size inside the depression. Thermokarst pond was affected by the climatic conditions and
" showed significant fluctuation of the area. Continuous flooding of grasslands inside the depression increased
CH, emission considerably. Release of CH, trapped in the permafrost was not significant compared to the
high CH; emission from thermokarst depressions. Current CH; emission from the thermokarst depressions
has been derived mainly from microbial CH, production especially in pond sediment. Since Central Yakutia
is located in potentially risky region under the global warming, the CHj emission can increase significantly
with the increase of warm period and flooding, which can also accelerate the thermokarst processes.
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