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Table 1  Soil organic carbon (SOC) in permafrost regions

WF5E X R /m ] % i/ (kg - m™) At B/ (Pg C) LELED WARAEGY  SCHRSRIA
b33 0~0.3 AR 33.95 191.29 Tarnocai % 2009 [32]
F2 I3 0~1 WA 26. 40 495.8 Tarnocai % 2009 [32]
713 0~3 BtE 19.38 1 035+150 Hugelius % 2014 [31]
bk 0~3 LGM 15. 11 1536~1 592 Zhu % 2016 [36]
E2 (R E N 0~3 PAE 4.17 150 Bradshaw % 2015 [35]
FRALH e e 0~2.3 A 59. 14 455 Bradshaw 4§ 2015 [35]
IG5 1.1 MAE 70.9~97. 2 270~370 Turunen % 2002 [39]
B[ 0~0. 25 AR 18. 81 #26. 33 Burnham % 2010 [40]
Je btk 0~1 WAE 32.30 98.2 Ping % 2008 [34]
PE{A AT yedoma >3 BAE 18 450 Zimov % 2006 [2]
PEAF . yedoma >3 WAE 18.5 21407 Tarnocai % 2009 [32]
yedoma >3 AE 4~17 58~371 Strauss % 2013 [38]
yedoma >3 LGM 16. 32 390~446 Zhu % 2016 [36]
LG 0~1 A 13. 84 17.345.3 Mu 45 2015 [12]
H 1~2 WA 8.48 10. 622.7 Mu % 2015 [12]
H 2~3 MTE 4.08 5.1%1. 4 Mu % 2015 [12]
T A >3 T 101.76 127.2+37.3 Mu % 2015 [12]
LG 0~2 A 10.98 18.34+7.0 Zhao %% 2018 [33]
H I 5 0~3 AE 34.34 36.4%2.5 Ding %5 2019 [37]
B 7R B3 L 0~1 A 7~35 0. 04~0. 18 Egli % 2006 [41]
LRI 0~0.5 WA 7.7~39.3 0.50~2.55 Dymov %% 2013 [42]
WL 0~1 PRAE 5.2~88.3 0.1~2.3 Miller % 1992 [43]
i <1 L 0.725 Bockheim 4 2014 [44]
MRS <1 A 0.6 Bockheim % 2014 [44]
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Fig. 1 A huge thaw slumping in the Batagaika taiga zone in upper reaches of the Yana River, north region of eastern Siberia,

Russia (source: http://spookygeology. com/the-hellmouth-batagaika-crater/, revised)
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Fig. 2 Thermokarst landscapes, which may play important role to carbon cycle: thawing lakes in Hudson Bay, central Canada (a)

(source: http://commons. sikimedia. org/wiki/File : Permafrost thaw ponds in Hudson Bay Canada near Greenland. jpg) , thermal
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Impacts of climate warming on soil organic carbon pools
in permafrost regions

MA Qiang'?, JIN Huijun"*’

(1. Da Xing’ anling Observation and Research Station of Frozen-Ground Engineering and Environment / State Key Laboratory of
Frozen Soil Engineering , Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000,
China; 2. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China;

3. School of Civil Engineering / Polar and Permafrost Engineering International Research Center of

Polar Academy, Harbin Institute of Technology, Harbin 150090, China)

Abstract: Permafrost regions store large amounts of soil organic carbon. Climate warming and permafrost thaw-
ing promote gradual/abrupt release of sequestered permafrost organic carbon, entering atmosphere or delivering
into aquatic systems, and potentially accelerating climate warming to great extents. This paper reviews recent
progress in studies on impacts of climate warming on soil organic carbon pools in permafrost regions, including
permafrost organic carbon storage, bio-degradation mechanisms of permafrost organic carbon and projection of
carbon feedbacks of permafrost degradation to climate warming. Results show that: Huge amount of organic car-
bon is stored in northern permafrost regions. Yet, its estimation is of a high uncertainty in terms of estimation
for organic carbon in sub-sea permafrost and gas hydrates on continental shelves and in permafrost regions.
Feedbacks of permafrost organic carbon on climate warming are regulated by soil moisture content and tempera-
ture, C/N ratio and organic carbon content, and characteristics of microbial community in soils, among many
others. Model-simulated results of feedbacks of permafrost organic carbon in northern hemisphere to climate
warming indicate that permafrost degradation will not result in serious socioeconomic consequences in a short
term, such as before the end of the 21st century. However, both estimates on permafrost organic carbon stocks
and modeling on the feedbacks of permafrost degradation to climate warming remain highly uncertain. Future
predictions for feedbacks of permafrost degradation to climate warming should integrate rapid, and, particular-
ly, abrupt thawing processes of permafrost and dissociation of hydrate carbon in modeling, such as ecological re-
sponses and sink-source strength and turnover of carbon released from small-scale thermokarsting processes.
Modeling on progressive hydrothermal destabilization and rapid degradation of permafrost will provide key sup-
port for predictions, assessment, warning and management of feedbacks of permafrost degradation and perma-
frost carbon to climate warming.

Key words: climate warming; soil organic carbon; permafrost organic carbon; dissolved organic carbon; per-

mafrost degradation; carbon emission
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