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1 Introduction

Cold environments occupy a vast portion of Earth. Apart
from polar and subpolar environments, many mountain re-
gions and high plateaus are affected by edaphic, ecological
and geomorphological processes driven by cryogenic pro-
cesses. Under the generic consideration of cold climates,
very different climate regimes exist. The latitude, altitude,
topography, distance to moisture sources, exposure to pre-
vailing winds and proximity to high/low-pressure systems
comprise the main characteristics of the cold climate in these
regions. Consequently, there is a wide range of cold-climate
regimes with very different characteristics in terms of the in-
tensity, duration and persistence of the cold season and mois-
ture conditions. However, the general concept of cold is very
relative and dependent on the topic under study. In the case
of the special issue “Soil processes in cold-climate environ-
ments”, the scope is on soil processes in environments af-
fected by cold climates where the combination of temper-
atures, precipitation and topography allows the existence of
soils. The wide variety of cold-climate regimes, together with
other factors (lithology, orography, aspect), comprises the
very different chemical, physical and thermal processes af-
fecting the soils.

The influence of cold climates on the soils is reflected in
the thermal regime of the ground, which controls the typol-
ogy and processes affecting the soils As a result of the In-
ternational Polar Year (2007–2009), there has been a signifi-
cant increase in the number of papers focusing on permafrost
environments. Major interest has been given to the moni-
toring of the thermal state of the permafrost in the Arctic
(Romanovsky et al., 2010), where the recent warming may
impact the dense network of settlements and infrastructures
allocated there (Nelson et al., 2002). Despite the complex lo-

gistics in Antarctica, there has been an increased effort in cre-
ating a network for permafrost monitoring in this continent
(Vieira et al., 2010; Bockheim et al., 2013). An exponential
increase in studies related to permafrost state has also been
observed in mountain environments, especially from highly
populated regions (e.g., European Alps) with a major focus
on geomorphological hazards (Kääb et al., 2005; Harris et
al., 2009). In contrast, there is a significant lack of informa-
tion on soil thermal dynamics in seasonal frost environments,
with only a few studies focusing on midlatitude mountain
ranges (e.g., Oliva et al., 2014b).

Soil thermal regime has major implications for terrestrial
ecosystems in cold-climate environments since it comprises
the physical, hydrological, geomorphological and biological
processes affecting the soils. In this sense, in this special is-
sue there is an outstanding example of the major interests
in which soil scientists are working today. A wide range of
topics have been analyzed with six main purposes:

– use of paleosols as indicators of environmental and cli-
mate change (Bockheim, 2013; Martínez Cortizas et
al., 2014; Oliva et al., 2014a);

– characterization of physical and chemical properties of
the soils (Navas et al., 2014; Palazón et al., 2014);

– response of the soil properties from fire events (Pereira
et al., 2014; Tsibart et al., 2014);

– analysis of the biological and ecological processes in
soils, with a focus on the carbon storage in permafrost-
affected soils (Abakumov and Mukhametova, 2014;
Zubrzycki et al., 2014);

– identification of the thermal properties of the active
layer and permafrost (de Pablo et al., 2014; Michel et
al., 2014);
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– understanding the interaction between the soils and ge-
omorphology (Gómez-Ortiz et al., 2014; Poelking et
al., 2014).

Most of the contributions to this special issue examine dif-
ferent topics within the cryospheric sciences, with the major-
ity of papers centered on periglacial environments. Regard-
ing the thermal state of the soil, 9 of the 13 contributions are
focused on permafrost regions and only 4 in seasonal frost
environments. Geographically, there has been a major contri-
bution from researchers working in Antarctica (six papers),
followed by the Arctic (three papers), followed by mid- and
high-latitude mountain ranges (three papers) and boreal en-
vironments (one paper).

The study of Cryosols has significantly increased over the
last decade, especially in Antarctica (Schaefer et al., 2008;
Simas et al., 2008; Moura et al., 2012). A thorough un-
derstanding of present-day soil processes in cold environ-
ments can be used in a reverse manner to infer past environ-
mental and climatic conditions based on the detailed analy-
sis of sedimentological sequences. With this purpose, Bock-
heim (2013), Oliva et al. (2014a) and Martínez Cortizas et
al. (2014) studied the paleoenvironmental evolution in differ-
ent sites from polar regions at different timescales. Thanks to
his extensive experience in mapping, classifying and describ-
ing Cryosols in many areas across Antarctica (e.g., Bock-
heim, 2002, 2010), Bockheim (2013) published the first pa-
per fully focused on paleosols as indicators of past environ-
mental conditions in the Antarctic continent. Some of the pa-
leosols discussed in his paper show a surprisingly old age,
which must be related to the extreme cold and dryness pre-
vailing for 40 millennia in ice-free areas of the interior of the
continent. Oliva et al. (2014a) studied two sedimentological
sequences in central Svalbard from a geochronological and
geochemical point of view. This paper provides insights into
the environmental and climate evolution in the High Arctic
over the last three millennia, showing evidence of significant
changes in the climate conditions prevailing in the area dur-
ing the mid–late Holocene. Using another natural archive,
Martínez Cortizas et al. (2014) analyzed the sediments from
a lake in Antarctica in order to reconstruct the environmen-
tal and climate history of the last 1.6 kyr in the westernmost
part of the South Shetland Islands. The accurate geochemi-
cal study of the sediment composition has revealed different
climate phases as well as periods of volcanic eruptions on
nearby Deception Island.

Over the last several decades there has also been a ma-
jor advance in the understanding of the physical and chemi-
cal composition of Cryosols (Navas et al., 2005, 2008). The
chemical signature of the soils may change with time (Navas
et al., 2008). In this sense, Navas et al. (2014) show how the
study of the fallout radionuclides and environmental radionu-
clides in soil profiles in recently deglaciated environments
can reveal patterns of ice retreat. The study case for western
Norway, an area with a large amount of information about

historical glacier dynamics (Nussbaumer et al., 2011), can be
therefore applied to other glaciated environments with little
information about recent evolution from other proxies. In ad-
dition, the study of the chemical composition of the present-
day soils combined with models can contribute to understand
the source of the sediments being mobilized down-slope at
an alpine catchment scale, such as that shown by Palazón et
al. (2014). This interesting study can be also used to identify
geomorphically stable areas and potentially instable slopes,
with large socioeconomical implications.

Fire is a natural disturbance in boreal ecosystems with im-
portant implications on vegetation dynamics and soil com-
position (Vanha-Majamaa et al., 2007; Granstrom, 2011;
Pereira et al., 2013a). Surface and low-mean-intensity fires
are common in European boreal ecosystems (Gromtsev,
2002; Wooster and Zhang, 2004; Pereira et al., 2013b).
Pereira et al. (2014) observed a darkening of the soil dur-
ing the first 9 months after a low-severity grassland fire. Soil
organic matter was also significantly higher in the burnt plot
than in the unburnt one during the first 2 months after the fire.
Fine earth soil water repellency (SWR) decreased with the
time in the burnt plot. The differences between the burnt and
unburnt plot were significantly different during the two first
months after the fire. Tsibart et al. (2014) observed that Poly-
ciclic aromatic hydrocarbons (PAHs) increased in burnt His-
tosols, especially in the new pyrogenic layers. The authors
also observed that the concentration of PAHs was higher in
the recent burnt areas in comparison to the older ones.

In connection with these scientific advances on the knowl-
edge about the physical and chemical composition of the
soils, there has been a recent increase in the number of pa-
pers focusing in the relationship between carbon and soils
(Zubrzycki et al., 2014). Greenhouse gases such as carbon
dioxide and methane trapped in frozen soils may be re-
leased to the atmosphere as a consequence of increasing
temperatures in permafrost environments and amplify warm-
ing, especially in the Arctic (Tarnocai et al., 2009; Natali et
al., 2014). Abakumov and Mukhametova (2014) presented
the case of several sites around Russian bases in Antarctica,
showing the very significant differences between the sub-
Antarctic areas and those located on the continent, where
temperatures are much colder. Those located in northern lati-
tudes show higher total soil organic content, higher microbial
carbon content, basal respiration and metabolic activity lev-
els than those on the continent. However, studies of carbon
storage in soils have been by far more abundant in the Arctic
than in Antarctica, because of the geopolitical significance of
the Northern Hemisphere (McGuire et al., 2009). Zubrzycki
et al. (2014) summarized the current state of the knowledge
on the carbon pool in permafrost-affected soils in Russian
Arctic and propose some guidelines for future investigations
on these topics.

The major control for the release of the greenhouse
gases in permafrost regions comes from permafrost thaw-
ing. Therefore, the monitoring of the thermal state of the per-
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mafrost is of crucial importance to assess present and future
trends that may have implications for global climate. Two
papers in the special issue examine the dynamics of the ac-
tive layer in maritime Antarctica, an area close to the cli-
mate boundaries of permafrost about which there is as yet
little information (Vieira et al., 2010; Bockheim et al., 2013).
De Pablo et al. (2014) characterize the thermal dynamics of
the active layer on Byers Peninsula (Livingstone Island), the
largest ice-free area of the South Shetland Islands. Michel
et al. (2014) also analyze the rhythm of freezing and thaw-
ing in a permafrost environment on Fildes Peninsula (King
George Island), the second largest ice-free area in the same
archipelago.

The study of soil temperatures is also necessary in order to
understand the major geomorphological processes occurring
in terrestrial ecosystems. There is a close relationship be-
tween soil temperatures and the periglacial landscape. Poelk-
ing et al. (2014) provide a detailed analysis of the interaction
between soils, vegetation and landforms in a deglaciated en-
vironment in maritime Antarctica. Gómez-Ortiz et al. (2014)
analyzed the response of a marginal permafrost environ-
ment in the high semiarid Mediterranean massif of the Sierra
Nevada to the recent climate warming recorded in southern
Spain over the last decades.

The wide variety of contributions included in this special
issue and their outstanding scientific level show evidence of
the high quality of the research that is being conducted nowa-
days on soil studies in cold environments.
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