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ABSTRACT

Soil moisture is an import parameter for high latitude re-
search focusing on carbon exchange and permafrost issues.
This paper reviews requirements, constrains and possibili-
ties of satellite derived soil moisture data for high latitude
applications. Major points are freezing and thawing, and
landscape heterogeneity. Special focus is on data derived
from ENVISAT ASAR. The different ScanSAR modes (wide
swath and global monitoring mode) can be used to address
various issues. Sensitivity over tundra at this wavelength is
similar to semi-arid regions in mediterranean and subtropic
climates.

Index Terms— soil moisture, arctic, active microwave,
SAR, scatterometer

1. INTRODUCTION

A range of satellite derived global soil moisture datasets is
available to date. They are derived using passive as well
as active microwave sensors. Recently launched satellites
(Metop ASCAT, SMOS) allow for continuity in monitoring.
ScanSAR technology enables the step from coarse (approx-
imately 25km) to medium resolution [1]. The majority of
validation and application activities of such datasets has how-
ever been carried out in mid to low latitudes only.

There is a clear need of soil moisture monitoring at high
latitudes, especially in the context of climate change. Soil
moisture together with temperature is a limiting factor for
heterotrophic soil respiration. It is thus important for esti-
mation of carbon exchange [2]. Large areas at high latitudes
are underlain by permafrost. Any variation in parameters
which impact heat conductivity play a role in the reaction of
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the subsurface frozen ground to changes in the atmosphere.
Soil moisture information is one of the key parameter for
modelling of permafrost extent [3].

Challenges for the derivation of soil moisture in high lati-
tudes are

• frozen/snow covered ground conditions,

• landscape heterogeneity,

• seasonal variation in landcover type (water - non-
water),

• scarcity of ground data

• and issues related to the overlaying vegetation such as
moss cover.

These issues are addressed within the ESA DUE Per-
mafrost (www.ipf.tuwien.ac.at/permafrost) and STSE ALA-
NIS (www.alanis-methane.info) projects focusing on time
series analysis using C-Band active microwave data from
scatterometer (ASCAT) and Advanced Synthetic Aperture
Radar (ENVISAT ASAR).

Spatial heterogeneity can be addressed using higher spa-
tial resolution data than what is used for the global products.
This has been tested for soil moisture variations [4] as well
as related aspects such as frozen ground surface detection [5]
and tundra ponds identification [6].

This paper reviews requirements, constrains and possibil-
ities of satellite derived soil moisture data for high latitude
applications. Special focus is on data derived based on the
concept of time series analyses of active microwave satellite
data [7].
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2. FROZEN GROUND AND SNOW COVERED
GROUND CONDITIONS

Active microwave measurements can be used for detection of
changes in near surface soil moisture as well as freeze/thaw
status. Microwave backscatter differs significantly due to
changing dielectric properties between frozen and unfrozen
ground (e.g. [8, 9, 10]). In C-band, the summer backscatter
is in general higher than when snow is present or the ground
is frozen. When the snow surfaces recyristallize after a mid-
winter short-term melt event, backscatter can increase up to
summer levels in C-band [11]. Microwave backscatter during
freeze/snow free conditions increases with increasing soil
moisture [8]. This has been demonstrated for C-band scat-
terometer (e.g. [12, 13]). The minimum (dry reference) and
maximum (wet reference) values are site specific. Once they
have been determined from a sufficiently long enough record
each measurement can be scaled between those boundary
values and a relative near surface soil moisture content de-
termined. Such datasets are available globally (since 2002,
[14]) and in case of ASCAT in near-real-time [15]. They
can be thus applied e.g. for operational applications such
as assimilation into weather forecasts [16] and due to global
coverage for high latitude applications. In order to derive
relative soil moisture, a frozen ground detection is required
for masking. Snow cover information which is available from
a multitude of sensors can be used for approximation, but
especially autumn freeze-up can occur without the presence
of snow.

The detection of the exact timing of spring thaw and au-
tumn freeze-up requires sufficient temporal sampling. This
is available with scatterometer, but challenging when SAR
data which offer better spatial resolution are used. ENVISAT
ASAR Global Monitoring Mode is available twice a week in
some high latitude regions. It has been shown that although
there are noise constraints, timing can be determined at this
sampling rate [5].

3. LANDSCAPE HETEROGENEITY AND
SEASONAL VARIATIONS

Tundra regions are often characterized by a high number of
small lakes and ponds which can be easily identified with
higher resolution microwave satellite data (Synthetic aperture
radars - SARs) due to the specific low backscatter of smooth
water surfaces (e.g. [6]). For coarse resolution data such
as from the ERS scatterometer, however, it has been found
that contributions of lakes and rivers to the overall backscat-
ter is very small and can be neglected [11] for freeze/thaw
detection. A high open water fraction within the footprint
can however have an impact on the dry reference determina-
tion for soil moisture retrieval and can introduce a bias. The

temporal variation is nevertheless captured. A correctionis
required if the water fraction within a pixel varies throughout
the season. The magnitude of such changes within a sum-
mer can be large due to the flat terrain and slow drainage [17].

Variation of backscatter in summer can be also caused
by phenology. Backscatter increases with vegetation growth
[18, 19]. The magnitude of contribution at C-band is, how-
ever, low compared to soil water changes [20].

Figure 1 shows an example for parameters required for
surface soil moisture derivation. The shown region covers
arctic and subarctic tundra along the Laptev Sea Coast in
Eastern Siberia. Those are coastal lowlands with partly many
small lakes. Hilly terrain with bare rock surfaces are visibly
in the southwestern part. The parameters have been derived
from several year time series from ENVISAT ASAR GM.
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Fig. 1. An example of sensitivity and dry reference in tundra
environment along the Laptev Sea Coast region derived from
ENVISAT ASAR Global Monitoring mode. Lakes and areas
with high water fraction are masked.

The observable summer backscatter range (sensitivity)
over tundra at this wavelength is similar to semi-arid regions
in mediterranean and subtropic climates with 6 - 7 dB. It is
higher over dwarf shrub tundra than moss dominated wet-
lands. This can be observed especially along the coast line.

Low backscatter values, less then under dry conditions,
are typical for snowmelt conditions (e.g. shown for ASAR
global monitoring mode [21]). The initial algorithm does
therefore consider only data from the snowfree period. Many
tundra regions are permanently moist. The dry reference
needs to be therefore adjusted. This can be achieved by
inclusion of frozen ground conditions. Figure 2 shows the
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Fig. 2. Difference of corrected dry reference and summer
dry reference in tundra environment along the Laptev Sea
Coast region derived from ENVISAT ASAR Global Moni-
toring mode. Lakes and areas with high water fraction are
masked.

difference between the calculations, with and without data
from the early winter period. The reduction is more than 2
dB over moist tundra, dominated by tussock cottongrass and
abundant moss (Figure 3, as defined in [22]), which accounts
for more than 45% of the landcover in the study area.

4. GROUND DATA

Continuous in-situ soil moisture measurements in the arc-
tic are limited. Values are vary considerably from point to
pint due to periglacial landscape features such as polygonal
ground. Satellite data reflect only the general moisture pat-
terns in a larger region related to variations in precipitation.
This has been exemplified for a site in the Lena Delta [23].

5. CONCLUSIONS

Specific characteristics of tundra landscapes such as a high
open water fraction, freeze/thaw, seasonal inundation andall
summer moist conditions need to be considered beside the
requirement of continuous data availability when active mi-
crowave data are used for soil moisture retrieval. This can be
addressed in some cases without auxiliary data (freeze/thaw,
dry reference adjustment) and use of further active microwave
datasets at different spatial resolutions (heterogeneity). Soil
moisture retrieval over longer time periods with active mi-
crowave data is currently limited to C-band data due to lack
of other suitable records such as L-band. Vegetation canopy
does however only have a very small impact on the ob-
servable backscatter range (sensitivity). Permanently moist
conditions, as typical for some arctic regions, need to be taken
into consideration for the determination of the dry reference.

Fig. 3. Difference of corrected dry reference and summer dry
reference in arctic tundra environment along the Laptev Sea
Coast region (approximately north of 70 degree latitude) de-
rived from ENVISAT ASAR Global Monitoring mode. Veg-
etation classes from the Circum Arctic Vegetation Map [22].
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