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Permafrost is defined as “ground remaining at or below 0◦C for at least two consecutive years” (van
Everdingen, 2005). The definition itself stresses that the permafrost should not be considered as a
permanent thermal state, because it is extremely vulnerable to natural and man-induced climatic
and environmental changes on different spatial and temporal scales. More in detail, the process of
degradation, i.e., the fall in permafrost temperature within it (Dobinski, 2011), may entail several
effects on permafrost (lowering of the table, raising of the base, thickening of the active layer) with
a resulting reduction of its areal extent up to the complete disappearance with severe consequences
on the stability of slopes and infrastructures.

In the high-latitude permafrost regions of northern hemisphere, permafrost degradation is
occurring under current climate warming (Osterkamp, 2005; Anisimov and Reneva, 2006). One
of the most important effects of climate changes in these regions is the progressive modification
of the permafrost thermal regime, and hence its physical properties and distribution, beyond
the range of variability documented in historical archives (Harris et al., 2009). The mode of
permafrost degradation is highly variable, and its consequences on geomorphological conditions
and engineering infrastructures depend on the interaction of slope position and aspect, soil and
ground type, vegetation cover, hydrology, and ice content (Nelson et al., 2001). Some future
projections (Lawrence and Slater, 2005) predict a severe permafrost degradation during twenty-
first century with a reduction up to about 90% of the near-surface permafrost total area, excluding
ice sheets, in circum-Arctic regions of Eurasia and North America.

In the high-latitude permafrost regions of China, climate change is leading to permafrost
degradation at a greater extent, as testified by the occurrences of shrinking areas of permafrost,

increasing depth of the active layer, rising of lower latitudinal limit of permafrost, and thinning
of the seasonal frost (Li et al., 2008; He et al., 2009). Due to the combined influence of climatic
warming and increasing anthropogenic activities, further substantial retreat of permafrost is
specifically expected on the Qinghai–Tibetan Plateau and in northeastern China during the
twenty-first century (Jin et al., 2000). Therefore, permafrost degradation has and will have great
influence on engineering construction, water resources and environments in the cold regions of
China.
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Starting from the scenario of generalized permafrost
degradation due to climate warming, the study of Shan
et al. (2015) intends to investigate the impact of climate
change on landslides in the high-latitude permafrost regions
of northeast China. Their study concerns to a narrow area
located at the extreme southern fringe of high-latitude
permafrost Asian regions, characterized by an island-like
permafrost type, which is far away more than 500 km from
not degraded permafrost regions in Greater Khingan Mts.
The study area is located in Sunwu County, where Bei’an-
Heihe highway intersects the northwest section of the Lesser
Khingan Mts., and is characterized by extremely unstable
geological conditions, because the permafrost is the result of
a residual paleoglacial deposition and the remaining island-
like permafrost areas are currently under severe degradation
conditions.

The climate change is documented by the last 60 years
meteorological data at Sunwu County. The average annual air
temperature has increased 3.2◦C, passing from about −2◦C to
about+1◦C, while the average annual minimum temperature has
increased a lotmore, in the amount of 5.2◦Cduring the same time
period, passing from about −10◦C to about −5◦C. The seasonal
ground freezing in the study area reaches maximum depth at the
end of May with maximum depth of 2.67 m; ground temperature
at 40 cm of depth ranges between −9◦C and +16◦C, and the
ground is frozen only 6 mouths during a year.

The degraded permafrost is highly sensitive under the
described climatic conditions and any advancement in
degradation conditions due to ongoing climate warming or
human action may lead to further reduction in the stability
of mountain slopes and in an increase of permafrost-related
hazards.

Shan et al. (2015) recognizes that the progress in permafrost
degradation results both in an growing number of landslides
and in a faster evolution of the already occurring significant
landslides in the study area. More in detail, they describe
a model of landslide evolution driven by the increase in
pore water pressure for the seepage of water from permafrost
thawing into the landslide mass on the basis of engineering

geological studies and monitoring data related to a representative
landslide.

The problems analyzed in Shan et al. (2015) are very complex
and deserve further in-depth analysis for deciphering the
different causes of permafrost degradation and related landslides.
The authors recognize in their study area the connection
between climate changes and permafrost degradation, that is
well-established in literature for the whole northern hemisphere
permafrost regions. Then they describe a relationship between
permafrost degradation and landslide events in the study area,
but the direct link between climate changes and the occurrence
of landslide events has not been fully explained.

Shan et al. (2015) consider human engineering projects
further accelerating the process of permafrost degradation due
to climate change, and more in detail they hypothesize that
acceleration in permafrost thawing may be also induced by the
Bei’an-Heihe Highway extension project but without trying to
quantify or verify this effect. The interaction between the effects

of ongoing climate change and construction of the highway
on the permafrost conditions is not addressed in the study.
Also the slope instabilities along not frozen slope sections
induced by highway construction and extension works should be
considered.

One of the greatest challenges facing geocryologists remains
to separate climate-induced impacts from local anthropogenic
influences (Nelson, 2003), as not all changes in permafrost, and
not all related landslides, can be directly ascribed to climate
change. In wider terms, construction and upkeep of mountain
infrastructures in degraded permafrost terrain is an engineering
challenge, also because climatically-driven changes in the thermal
status and spatial distribution of permafrost are leading to severe
perturbation of their dynamic equilibria, which are causing
widening of permafrost-related hazard zones (Harris et al., 2001,
2009).
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