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H I G H L I G H T S G R A P H I C A L A B S T R A C T
• Air temperature showed significant
warming trend in Mongolia during
2010–2017.

• Permafrost exhibited rapid degradation,
and the active layer is increasing fast.

• Near-surface CO2 and CH4 concentra-
tions inMongolia increased remarkedly.

• Greenhouse gases concentrations
showed different changing trends
among seasons.
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Greenhouse gases (GHGs) released from permafrost regionsmay have a positive feedback to climate change, but
there is much uncertainty about additional warming from the permafrost carbon cycle. One of the main reasons
for this uncertainty is that the observation data of large-scale GHG concentrations are sparse, especially for areas
with rapid permafrost degradation. We selected the Mongolian Plateau as the study area. We first analyzed the
active layer thickness and ground temperature changes using borehole observations. Based on ground observa-
tion data, we assessed the applicability of Greenhouse Gases Observing Satellite (GOSAT) carbon dioxide (CO2)
and methane (CH4) datasets. Finally, we analyzed the temporal and spatial changes in near-surface CO2 and
CH4 concentrations from 2010 to 2017 and their patterns in different permafrost regions. The results showed
that the Mongolian permafrost has been experiencing rapid degradation. The annual average near-surface CO2

concentration increased gradually between 2.19 ppmv/yr and 2.38 ppmv/yr, whereas the near-surface CH4 con-
centration increased significantly from7.76 ppbv/yr to 8.49 ppbv/yr. Therewere significant seasonal variations in
near-surface CO2 and CH4 concentrations for continuous, discontinuous, sporadic, and isolated permafrost zones.
The continuous and discontinuous permafrost zones had lower near-surface CO2 and CH4 concentrations in sum-
mer and autumn, whereas sporadic and isolated permafrost zones had higher near-surface CO2 and CH4 concen-
trations in winter and spring. Our results indicated that climate warming led to rapid permafrost degradation,
and carbon-based GHG concentrations also increased rapidly in Mongolia. Although, GHG concentrations
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