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Study on the Dynamics of Soil Moisture in an Ice-Free Area of the
Fildes Peninsula, King George Island, the Maritime Antarctic

By Jie Chen! and Hans-Peter Blume?

Abstract: /n situ observation of dynamic changes in free-water contents of soils
at two sites (Eutri-gelic Regosol and Dystri-gelic Cambisol) was carried out in
the ice-free area of the Fildes Peninsula, King George Island, the maritime
Antarctic, by use of the specially developed moisture-sensing probes as sensors.
The variation of freeze-thaw and moisture status of the soils, caused by site
differences, is demonstrated. In addition, the possible differences of freeze-thaw
cycle and moisture status of the soils between two years, resulting from variation
of climatic factors etc., are discussed. Finally, several general conclusions on
regimes and dynamic changes in free-water contents of soils in the studied area
are tentatively drawn.

Zusammenfassung: Von zwei typischen Boden der eisfreien Fildes-Halbinsel
der Konig-Georg-Insel (einem eutrophen Regosol und einer dystrophen Braun-
erde) wurden in verschiedenen Tiefen die nicht gefrorenen Wassergehalte im
Jahreslauf durch die Messung der elektrischen Leiffahigkeit erfafit. Die Ergeb-
nisse von beiden Boden tiber zwei Messjahre werden miteinander und mit dem
Temperatur- und Niederschlagsverlauf verglichen. Die Ergebnisse werden in
ihrer Bedeutung fiir die Bodenbildung diskutiert.

INTRODUCTION

Since the earliest report on Antarctic soils (JENSEN 1916), nu-
merous pedological investigations have been carried out in var-
ious localities of Antarctica, and a vast amount of information
on weathering, formation, properties, distribution, zonalities and
classifcation of Antarctic soils is available (e.g. Bockuem 1980,
CampBELL & CLARIDGE 1969, 1987, Bockuemm & Ucorint 1990;
Brume et al. 1997). However, few studies focussing on soil
moisture have been conducted in Antarctica because of techni-
cal problems and operative difficulties under the harsh conditi-
ons of Antarctica, although the formation, development, proper-
ty and distribution of Antarctic soils could be reflected in soil-
moisture availability due to its influences in periglacial move-
ment and cryoturbance, biological activity and organic matter
accumulation, leaching and illuviation, podzolization and rubi-
fication, salt situation and redistribution, other soil-forming and
pedological processes etc. (BArRscH & STABLEIN 1984, BOCKHEIM
1995). As aresult, little systematic and comprehensive data on
soil moisture is available so that a number of appraisals on the
basis of meteorological observation and of inferences in terms
of theory are usually involved in Antarctic soil investigations
which are related to soil moisture and its dynamic variation.
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Besides, the distribution, thickness as well as properties of con-
tinuous or discontinuous permafrost, on which most of Antarc-
tic soils rest, are also strongly characterized by the soil-moist-
ure situation (McCraw 1967, MacNaMara 1969). According to
Bockuem (1995), for a better understanding of characteristics
of the upper permafrost layer and of active layer dynamics in
the cold regions of the world, the related moisture and tempe-
rature data should be needed in advance.

In situ observation on dynamic changes of available soil moist-
ure was made in the ice-free area of the Fildes Peninsula, King
George Island, during the first author’s stay in Antarctica for
more than one year, from December 1992 to February 1994. In
this paper some of the originally collected data and preliminary
results are generalised and discussed.

STUDY AREA

The Fildes Peninsula (centred at 62° 12' S, 58° 58°S) belongs
to King George Island, one of the South Shetland Islands loca-
ted near the northeastern extreme of the Antarctic Peninsula in
the maritime Antarctic climatic zone (BLUuME et al. 1977).
The Peninsula measures about 3.5 km from east to west, and
7.5 km from north to south. Situated more northerly and surroun-
ded by sea masses, the Fildes Peninsula is one of the warmest
and moistest regions in Antarctica. According to the records of
the meteorological observatory in the Chinese Great Wall Sta-
tion located there, from 1985 to 1990 the mean annual tempe-
rature was about -2.1 °C, while the mean annual precipitation
reached about 635 mm (X1E 1993). Both temperature and hu-
midity are higher on the Fildes Peninsula than the most regions
of Antarctica, thus making the peninsula mostly ice-free and
favourable to the growth of lower plant vegetation (CHEN &
Gong 1995).

In contrast with the soils in the regions of continental Antarcti-
ca, the soils of the Fildes Peninsula are more influenced by
available water due to the higher temperature and precipitation.
Shallow permafrost table, deep seasonal thawing, remarkable
freeze-thaw action, evident material translocation, little soluble
salt accumulation together with considerable biological activi-
ty etc. make the soils of the Fildes Peninsula rather different
from the rest at the regions of Antarctica (ALLEN & HEAL 1970,
EvereTT 1976, TeDrOW 1977, Cur et al. 1989; CHen 1993, Znane
1990).
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According to Bockuem & UcoLint (1990), the soils of Fildes
Peninsula could be grouped into the Subantarctic High Tundra
and the Antarctic Sub-Polar Desert Zone. After the FAO-Unesco
System (1994) the soils on the Fildes Peninsula could be clas-
sified as gelic subunits of Histosols, Leptosols, Cambisols and
Regosols. Some soils developed on the rookeries and strongly
influenced by sea bird activities could be classified as Ornitho-
sols (BLuME et al. 1997), whereas the main soil types of the pen-
insula could also be accommodated within Histosols, Cambisols
and Entisols of Chinese soil taxonomy (Chinese Soil Taxono-
my Research Group 1995).

SITES

Two sites for in situ observation were chosen in a hilly, ice-free
area in the middle of the Fildes Peninsula. Giving considerati-
on to the local factors causing a variety of soil moisture such as
relief, vegetation, snow cover etc., Site 1 is situated in the nor-
th-facing slope bottom of an igneous rock hill, Site 2 is located
at the top of the hill with an elovation of about 50 m. The soil
of Site 1 is formed on a young slope deposit fan and belongs to
Gelic Orthic Entisol of Chinese soil taxonomy (Chinese Soil
Taxonomy Research Group, 1995), and to Eutri-gelic Regosol
of FAO system (FAO-Unesco 1994). The surface of Site 1 is
devoid of vegetation and mostly covered by rounded, subangu-
lar, irregular pebbles, boulders and rock fragments in various
sizes (from tens to half centimetres). Strongly affected by cryo-
turbance, the genetic horizons and structures are weakly de-
veloped within the soil profile of Site 1. The texture in the co-
lumn varies from gravely coarse sand to sandy loam, mixing
with fresh, unstained rock fragments. The occurrence of ice
wedges indicates that the permafrost table is at a depth of 67 cm.
Around Site 2, about 40 percent of the surface area is covered
by outcrops which are partly colonized by the lower plant com-
munity dominated by lichen species Usnea fasciate and Corni-
cularia aculeata. The soil of Site 2 is developed from weathe-
red bedrock, classified as “Umbric Pergelic Cambisol” (Chinese
Soil Taxonomy Research Group, 1995) or as “Dystri-gelic Cam-
bisol” according to FAO-Unesco (1994). The soil of Site 2 has
a much shallower solum (less than 45 cm) than that of Site 1.

Only a surface horizon ranging 5-10 cm, containing around 2.

% organic matter is preliminarily formed within the soil. The
lower part of the solum is weakly developed because of pattern
ground activities, sometimes discontinuous due to intrusion of
big rock fragments. No permafrost is found within the profile
of Site 2.

METHODS

Data of soil moisture dynamics were collected and recorded with
a special freeze-tolerant instrument developed for this study by
the Soil Physical Department and Scientific and Technological
Developing Company of the Institute of Soil Science, Acade-
mia Sinica. The equipment includes the moisture-sensing elec-
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trical conductivity probes and electrical conductivity gauge, both
connected by coated copper wires (see KLUTE 1986). Before
probes were used in the field observation, the relation between
the electrical conductivity and moisture suction had already been
standardized in the laboratory, so that the dynamic changes of
soil moisture could be determined quantitatively through the
conversions immediately after the data were collected in the
field.

Totally 10 moisture-sensing electrical conductivity probes were
installed into both the investigated sites. Beginning at a depth
of 10 cm and with a vertical separation of 10 cm, 6 probes (from
No. 1 to 6) were used for Site 1 and 4 (from No. 7 to 10) for
Site 2. Thus, the probe arrays within the two soil profiles ex-
tend 60 cm and 40 cm respectively (Fig 1).

The electrical conductivity gauge, here used as the record-
counter, collected the data on electrical conductivity of the
soils at different depths within the two investigated profiles

Coated Copper Wire

Fig. 1: Sketch of equipment installation in soil profiles at the two investigated
sites.

Abb. 1: Instrumentarium zur Messung der elektrischen Leitfahigkeit in den
verschiedenen Tiefen der beiden untersuchten Bodenprofile.



twice a day, at 8:00 a.m. and 20:00 p.m. local time. Based on
the original data obtained from in sifu observations during the
year from the beginning of January 1993 to the beginning of
January 1994, the dynamic changes of electrical conductivity
of the soils at the investigated depths within the two profiles
are shown in Fig. 2.

As mentioned before, dynamic changes in soil moisture suction
could be easily obtained through the conversion curves obtain-
ed in the laboratory. However, for a better understanding of the
moisture status of the soils, quantitatively calculation of free-
water content of the investigated depths was made through soil
moisture suction. As known, moisture suction is characterized
by soil moisture-holding capacity which is dominated by several
soil properties such as soil texture, percentage of rock fragments
>2 mm, bulk density as well as organic matter content (AK
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Fig. 2: Yearly dynamic changes of electrical conductivity (mS x cm™) at the
investigated depths within the soil profiles at Site 1 and Site 2.

Abb. 2: Jahreszeitlicher Wechsel der elektrischen Leitfahigkeit (mS x cm™) in
verschiedenen Tiefen der Boden 1 und 2.

Bodenkunde 1994). Soil properties differ not only from diffe-
rent soils but also different depths within the same soil. Thus,
on the basis of quantitative data on the soil properties obtained
at different depths of both the sites, the soil free-water content
at each investigated depth within the two profiles can be
reckoned through the related calculational parameters (Fig. 3).

Original data of electrical conductivity
collected by each probe as shown in
Fig. 2

Modified in real situation

.

[ Conversion from electrical conductivity to 1

. Standardized by producer

moisture suction by use of standardized curve

Data of moisture suction for each
investigated depth within the two
profiles

Bulk density

l Water tensions at investigated

Proportion of fragments > 2 mm Organic matter content

y

Quantitative conversion from moisture
tension to free-water content in volume
% at the investigated depths

Dynamic change of soil free water content
of the investigated depths within both
profiles at two sites as shown in Fig. 4

Fig. 3: Flow chart of data processing and conversion from original electrical
conductivity to free-water content in vol. % at the investigated depths.

Abb. 3: Schema der Datenermittlung und Umwandlung der elektrischen Leit-
fahigkeit in Gehalte ungefrorenen Wassers in den untersuchten Bodentiefen.

RESULTS AND DISCUSSIONS

Using the data transferred from moisture suction of the diffe-
rent depths, the dynamic changes of the free-water content in
volume at two investigated sites are shown in Fig. 4.
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Fig. 4: Annual dynamic changes of soil free (unfrozen)-water content (in vol.
%) at the investigated depths within the soil profiles at Site 1 and Site 2..

Abb. 4: Jahreszeitlicher Wechse! der (nicht gefrorenen) freien Wassergehalte in
verschiedenen Tiefen der Boden 1 und 2.

Soil freeze-thaw cycle

One of the most important features of the maritime Antarctic
soils is that they are always influenced by strong freeze-thaw
action. As a result, the soil free-water content is dominated to a
great extent by soil temperature variation and the freeze-thaw
alternation. Therefore, the examination of the curves of dyna-
mic changes on soil free-water content shown in Fig. 4 make it
possible to easily figure out the freeze-thaw pattern of the in-
vestigated profiles at two sites.

Extremely low contents of soil free-water at different depths
within the soil profiles indicate that the soils are frozen during

a period which lasts 6-7 months per year at both the investiga-
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ted sites. The freezing period begins and ends differently not
only between the two sites, but between the investigated depths
at the same site, as shown in Fig. 4.

Generally, the soil at Site 2 has the freeze-thaw transition,
whether from freeze to thaw or from thaw to freeze, about one
month earlier than the soil at Site 1. As known, the freeze-thaw
transition in soil results from thermal exchange between soil and
atmosphere. Site 2, located at the top of a towering hill, is ex-
posed to strong winds which effectively prevent snow from
accumulating on the surface. Thermal diffusivity from the soil
to the atmosphere occurs directly and rapidly. Thus, when winter
comes, the transition from thaw to freeze in the soil of Site 2
takes place earlier than Site 1 which is devoid of strong winds
and has a thick snow cover on the surface. With the warm
period, the soil of Site 2 is first to receive solar radiation and to
have a more convenient thermal exchange with the atmosphere
because of its open surface and thinner snow cover. Therefore,
the transition from freeze to thaw in the soil there occurs ear-
lier than at Site 1. Within each investigated profile, there is
later freeze-thaw transition in the deeper part. Because the soil
in the interior of the profile has no immediate interface to the
atmosphere, thermal exchange could only take place with the
overlying and underlying soil media, where the thermal conduc-
tivity is much lower than open air. The different patterns of the
freeze-thaw transitions amongst the investigated depths are de-
monstrated by the change tendency of soil temperature on the
Fildes Peninsula (Fig. 5).
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Fig. 5: Mean monthly air and soil temperatures at different depths in the ice-
free area of Fildes Peninsula in 1993 (on a flat ground with an elevation of ap-
proximately 20 m, without vegetation cover on the surface).
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Abb. 5: Jahreszeitlicher Wechsel der Luft- und Bodentemperaturen im eisfrei-
en Bereich der Fildes-Halbinsel im Jahre 1993 (Verebnung 20 m NN, vegetati-
onsfrei),

Summarizing, the periodic freeze-thaw in the soils of the ice-
free Fildes Peninsula could be described as follows: Freeze lasts
a period of 6-7 months while thaw takes the remaining 5-6
months of the year. Variations in soil freeze-thaw transition
occur due to local site differences such as slope aspect, expo-
sure, and snow cover etc. Besides, within a profile the lower part
of the soil always has later freeze-thaw transition.



Dynamic changes of soil moisture status at different depths of
the profile

The moisture status at different depths may be reasonably va-
riable as a result of the variation of temperatures, mechanical
composition, organic matter content etc, of alternate of active
layer of permafrost within the soil profile. Fig. 4 shows that the
soil at every investigated depth has its biggest free-water con-
tent in the middle of the thawing period. A careful examination
of the curves in Fig 4, however, indicates that soil free-water
content in surface layers (with maximum depth of 10 ¢cm) of the
profiles reaches its peak value much earlier, then rapidly decrea-
ses when an obvious increase of the free-water content occurs
in the underlying layer. This fact suggests that snow-melting
water on the surface and soil free-water from the thawing ac-
tion form a downward flow when the surface soil becomes sat-
urated, which penetrates the surface layer and contributes to the
available moisture of the underlying layer. Step by step, simi-
lar contributions to free-water contents from the downward flow
may occur in the deeper layers of the profile as time goes on.
Even, along with the depth the maximum values of the free
water contents of the soils become smaller and smaller.

Exceptionally, the gentle curves of soil moistures at the depths
of 50 cm and 60 cm at Site 1 indicate that the dynamic mois-
ture status differs from that at the shallower depths. This may
be due to the occurrence of permafrost at the bottom of the pro-
file (permafrost table at Site 1 is found at the depth of 67 cm)
and will be discussed in detail later.

During the transition from thaw to freeze, frequent variations
of free-water content at smaller scales in surface soils are indi-
cations of mechanisms of short-term freezing and thawing,
which demonstrate the direct influence from the variation of air
temperature and the intermittent snow-melting water on the sur-
face during the early winter. This phenomenon is more obvious
at Site 2, due to its more open surface ground.

Yearly variation of freeze-thaw and soil moisture status

The freeze-thaw processes and the dynamic of soil moisture sta-
tus at the same site between two years could be different. This
is partly confirmed by Fig. 4, in which most of the moisture
curves of the investigated depths have rather different shapes
between the beginnings of January 1993 and 1994. In other
words, the heads and the tails of most soil moisture curves fail
to coincide with each other. The yearly variation in freeze-thaw
processes and soil moisture status may result from many cau-
ses including yearly differences of the climatic factors.

The comparisons of soil surface temperature and precipitation
between 1992 and 1993 are illustrated in the curves of Fig. 6
and Fig. 7, from which it is seen that obvious differences of the
mean monthly temperature of soil surface and precipitation dis-
tribution occur between these two years. However, it is impos-
sible to make a comparison of the status of the soil moisture in
the same period of the different years only from the variations
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Fig. 6: Mean monthly temperatures on soil surfaces of the Fildes Peninsula in
1992 and 1993.

Abb.6: Monatliche Mitteltemperaturen der Jahre 1992 und 1993 im eisfreien
Bereich der Fildes-Halbinsel.
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Fig. 7: Monthly distribution of precipitation on the Fildes Peninsula in 1992 and
1993,

Abb.7: Monatsniederschlige der Jahre 1992 und 1993 im eisfreien Bereich der
Fildes-Halbinsel.

of the surface temperature and precipitation between the years,
because the climatic influences could be variable at the diffe-
rent sites. For instance, micro-relief and surface conditions play
their important roles in redistribution of the snow-form preci-
pitation by the winds. As a result, the differences of snow-co-
ver thickness may occur over distances of a few meters. As
known, snow cover is not only the potential source of soil moi-
sture but also an important factor strongly affecting the thermal
exchange behween the underlying soil and the atmosphere. This
may be why Fig. 2 shows different pictures of the yearly varia-
tion of soil moisture status between the investigated sites.

Comparisons of dynamic changes in free-water content between
two sites

It has been repeatedly described that wide variations in moisture
status of the soils occur due to the local site differences. The soils
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with greatly different moisture status may occur alongside each
other (e.g. CaMpBELL & CLARIDGE 1987). The variation in free-
ze-thaw processes of the two investigated sites has been discus-
sed in the preceding part of this paper. In the following para-
graphs, comparisons of the free-water contents at several inter-
esting depths between two sites are made.

Fig. & shows the dynamic variations of free-water content at the

depth of 10 cm in the investigated profiles at the two sites. It
can be seen that there is much more free-water available in the
surface soil at Site 2 than at Site 1 during the beginning of the
thawing period. This may result mainly from two reasons. One
is that more convenient thermal exchange with open air at Site
2 causes an earlier strong thawing in its surface soil. Another is
that rain-form precipitation occurring in the early summer con-
tributes directly to the free-water in the surface soil, because
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Abb. 8: Jahreszeitliche Schwankungen der Was-
sergehalte in verschiedenen Tiefen der Boden 1
und 2.



there is no obstruction of snow cover on the surface of Site 2.
However, as time goes on, the surface soil at Site T would theo-
retically have more and more free-water available because of its
higher water capacity and a thicker snow cover on the surface
as a source of potential moisture. Additionally, in the middle of
summer when the snow is fully melted and the soils along the
slope are saturated, slope runoff and lateral seepage also are ex-
pected to enrich free-water of the soil at Site 1 as a result of its
location at the bottom of the north-facing slope.

An obvious difference between the curves of moisture status in
the lower part of the investigated profiles is demonstrated in Fig.
8. A much higher content of free-water at the bottom of the pro-
file of Site 1 is mainly due to the occurrence of the permafrost
at a depth of 67 cm, which acts as a barrier to stop the down-
ward flow of free water from the surface and the upper layers.
Additionally, a possible shift of the active layer of permafrost
may also contribute to the content of soil free-water to a certain
extent. Because there is no occurrence of permafrost within the
soil profile of Site 2, where the soil is developed on the broken
rock and has a much shallower solum, the downward flow of
free water, if it occurred, would suffer a big percolation loss
through the rock cracks. This could have been reflected in the
frequent and strong fluctuations of the moisture status curve.
Thus, a comparatively lower content of free-water at the bot-
tom of the profile of Site 2 during the thaw is explicable.

At the depth of 40 cm the curves of soil free-water at the two
investigated sites have a comparatively similar change trend of
free-water content as shown in Fig. 8, possibly suggesting gen-
eral influences of soil temperature change in this region. Howe-
ver, at the beginning of thawing period the soil of Site 2 con-
tains a higher free-water than of Site 1 at this depth. But, after
the strong thawing period the free-water content at Site 2 de-
creases more rapidly and more strongly. Such a strong and fre-
quent variety of free-water at the 40 cm depth (the bottom of pro-
file) of Site 2 indicates a percolation loss downward through the
big rock cracks, as is discussed in the above paragraph. At Site
1, also the downward flow of free water from the upper profile
may only use the middle of the profile as a pathway to go
deeper; the change of soil moisture at Site | is more gradual and
the free-water content is more stable. This suggests that the
mechanical composition and soil structure at 40 cm depth in the
two investigated profiles are obviously different. And, it is rea-
sonable that the soil of Site 1 has a higher water capacity than
the soil of Site 2 at this depth.

CONCLUSIONS

Broad generalization valid for the dynamic changes of moisture
status in all the soils of the whole ice-free areas in the Fildes
Peninsula are quite difficult to draw from this study alone. The
dynamic change of moisture within soils is a complex process,
not only site specific but also time independent, as discussed in
this paper. It is obvious that one-year data of the two investiga-
ted sites are not enough to comprehensively describe the dyna-

mic variation and regimes of soil moistures in the region. Howe-
ver, the following phenomena related to the dynamic changes
of soil moisture should reccive more attention.

1. Thawing action takes 5-6 months or more, quite a bit longer
than formerly recorded and reported in the ice-free area of the
maritime Antarctic. The soil development on the Fildes Penin-
sula is more strongly influenced by freeze-thaw and other peri-
glacial actions than usually expected.

2. During the thawing period, the free-water available in the soils
comes mainly from melting of potential sources on the surface
and in the soils themselves. However, the contributions from
other moisture sources, for instance, from slope runoff and la-
teral seepage may be also important for free-water contents and
the dynamic changes of moisture status of the soils, especially
for the soils developed in the valleys, depressions and foot-
slopes.

3. The occurrence of permafrost at the bottom of a profile can
play an important role in the dynamic change of soil moisture.
The shallow soils formed on the hills without the influence of
permanently frozen ground have quite different moisture con-
ditions with the soils resting on permafrost during some certain
periods. Therefore it is necessary that illustrations of the mois-
ture regime of the soils at different localities should be dealt with
in different ways.

4, Starting time, lasting period, and the strong degree of freeze
thaw action in soils all are yearly dependent as a result of the
variations of climatic and other factors. For a more systematic
and comprehensive understanding, data on soil freeze-thaw and
moisture dynamics through several years are needed.
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