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ABSTRACT
SeaWinds on QuikScat (Ku-band) and Metop ASCAT
(C-band) are scatterometer which provide high temporal
resolution measurements at a spatial resolution of
approximately 25km. SeaWinds has been in operation
from 1999 to 2009, Metop has been launched in 2006.
Especially snowmelt related detection algorithms have
been developed for SeaWinds in the past. Possibilities
and limitations for a continuation with Metop ASCAT
are discussed within this paper. Especially addressed
are noise, temporal sampling and sensitivity related to
wavelength.
Major constrains for a continuation of SeaWinds
QuikScat land applications with C-Band scatterometer
are the limited sensitivity of the frequency to especially
snow applications, which is the most advanced application of SeaWinds over land area, and the lower sampling
rate. ASCAT measurements noise can reach similar
values to SeaWinds in tundra regions but is however in
general considerably lower than from SeaWinds.
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1.

INTRODUCTION

For 10 years (1999-2009) the SeaWinds instrument
on board of QuikScat provided a 90% global daily
coverage. Apart from its mission objective to support
ocean-meteorological studies, it has been also used for
land applications. As it has been operating in Ku-Band
it has been mostly applied to snow applications but also
for monitoring vegetation phenology, urban mapping and
soil moisture. The majority of developed algorithms are
change detection methods. Some exploit the availability
of multiple daily measurements at high latitudes (up to 10
towards 75N). The high temporal frequency was a rather
unique feature among contemporaneously operating
scatterometer.
An alternative sensor is now required in order to provide
continuation and the base for an operational implementa_________________________________________________
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tion of the methods developed so far. Currently available
sensors for such a purpose are C-band scatterometers.
ASCAT is a C-band scatterometer onboard MetOp-A
which is the first one in orbit of altogether three satellites.
MetOp satellites will ensure continuity of ASCAT data
acquisition until at least 2020 with 80% global coverage
in one day. Major constrains for a continuation of
SeaWinds QuikScat land applications with C-Band
scatterometer are the limited sensitivity of the frequency
to especially snow applications, which is the most
advanced application of SeaWinds over land area, and
the lower sampling rate. ASCAT measurements noise is
however considerably lower than from SeaWinds. This
paper discusses these and other differences between the
two sensors and presents comparison examples for snow
applications.

2.

SCATTEROMETER DATA

Scatterometer are active microwave instruments. Spaceborne sensors have been developed for operational ocean
wind monitoring but they have also been proven of high
value for applications over land [1].
Microwave backscatter differs significantly between
frozen and unfrozen ground due to changing dielectric
properties (e.g. [2, 3, 4]). In C-band, the summer
backscatter is higher than when snow is present or the
ground is frozen. When the snow surfaces recrystallize
after a midwinter short-term melt event, backscatter can
increase up to summer levels in C-band [5].
First Ku-band scatterometer studies were based on
NSCAT onboard the Advanced Earth Observation
Satellite (ADEOS). It was launched on August 1996
and operated until June 1997. The spatial resolution
was 25km and a 90% global coverage has been achieved
within two days allowing for twice daily acquisitions
at high latitudes [6]. The later SeaWinds instruments
(on QuikScat and ADEOS2) covered 90% of the Earth’s
surface daily and provided up to 10 measurements
towards 75 ◦ N [7]. SeaWinds on QuikSCAT had also
approximately 25 km spatial resolution and has been in
operation for more than ten years from June 1999 [8] to
November 2009.

Figure 1. Backscatter time series for Salehard winter 2007/08: grey - SeaWinds inner beam, red - SeaWinds inner beam
daily mean, green - ASCAT.
METOP ASCAT (Advanced Scatterometer) has been
launched in October 2006. The ground coverage is
considerably improved compared to ERS due to a second
swath and spatial resolution is 25 km [9]. Measurements
are consistent with the preceding sensors and allow
continuation of products developed for ERS [10, 11].
Although there are similarities in surface interaction,
seasonal backscatter behaviour differs between Ku- and
C-Band. This is especially pronounced if a snow cover
is present. Microwave backscatter differs significantly
due to changing dielectric properties between frozen and
unfrozen ground (e.g. [2, 3, 4]). In case of Ku-band, the
backscatter is low before snow arrival, it gradually increases with snow accumulation, then rapidly decreases
when the snow starts melting and eventually increases
again when all snow has melted [12]. The level of
summer backscatter is lower than winter backscatter.
In C-band, the summer backscatter is higher than when
snow is present or the ground is frozen. When the snow
surfaces recyristallize after a midwinter short-term melt
event, backscatter can increase up to summer levels in
C-band [5]. The formation of ice crust after mid-winter
thaw and subsequent backscatter increase is also strongly
visibly in Ku-band [13]. A winter time series examples
is shown in Figure 1.

40):
• Jugorskij Peninsula (grid centre 62.5E, 67.5N)
• around Salehard (grid centre 67.5E, 67.5N)
• southern Yamal/Ob-Estuary in April (grid centre
72.5E, 67.5N)
• around Dudinka/Igarka (grid centre 87.5E, 67.5N)
• mid-Yenisey (Bor, Sym) (grid centre 87.5E, 62.5N)
Jugorskij Peninsula, Salehard and the southern
Yamal/Ob-Estuary are characterized by tundra environment. Dudinka/Igarka is located in the transition
zone between tundra and boreal forest. The mid-Yenisey
region to the south is part of the boreal biome.
The analysed time period covers January to May 2008
which is the first full winter-spring transition available
from ASCAT. All retrieved backscatter value correspond
to locations which are defined as land area in the Level
2A JPL SeaWinds product [14].

4.
3.

NOISE

TEST REGIONS

Five regions in northern Eurasia with a size of 5x5 degree each have been selected for the comparison between
SeaWinds (inner beam) and ASCAT backscatter (Sigma

Noise levels depend on several factors. At short wavelengths such as C- and Ku-band small surface changes
caused by e.g. wind can cause higher variability in
backscatter. Ripples on water increase the backscatter.
This needs to be considered at arctic environments due

to the characteristic abundance of small lakes. The
actual location (covered surface area) of measurement
footprints (with respect to beam resolution) of which
backscatter is assigned to fixed grid cells varies. Higher
noise may thus occur in case of heterogenuous land cover
(with respect to backscatter characteristics at the chosen
wavelength). Differences in noise between ASCAT and
SeaWinds are expected to occur due to the different
wavelength as well as antenna type (beam resolution:
range gate and pencil beam respectively) apart from
calibration issues and the data processing level.

a)

pattern is observable for forested regions (Figures 2 e and
f). While Ku-band noise does not exceed approximately
1.5 dB, it varies between 0.8 and 1.8 dB for C-band at
this level (Figures 2 b and c).

5.

FREEZE/THAW TRANSITION

b)

May 2008, snow depth ~60cm

c)

d)

e)

f)
May 2008, snow depth ~90cm

Figure 2. Comparison of Estimated Standard Deviation
of noise (ESD in dB) of SeaWinds and ACSAT over a) the
entire region and 5x5 degree grid boxes for b) Jugorskij,
c) Salehard, d) southern Yamal, e) Dudinka and f) midYenisey.
Location specific noise needs to be therefore not only
taken into account when different sensors are compared
but also in case of time series analyses of scatterometer
data over larger regions which are characterized by
different land cover types and/or over heterogenuous
land cover.
The standard deviation of noise (ESD) can be estimated
using several months of data as input [15]. It varies over
differing land cover and is higher for SeaWinds than
for ASCAT (Figure 2). Typical values are <0.3 dB for
ASCAT at high latitudes [16]. It usually exceeds 0.5
dB (mean of 0.57 above 60◦ N) for SeaWinds. sσ varies
depending on land cover. It is lowest over forest areas
and highest over open water [17].
There is no linear relationship between ASCAT and
SeaWinds ESD. The range for ASCAT over tundra can
be higher than observed with SeaWinds. The opposite

April 2008, snow depth ~70-90cm

Figure 3. Final snow melt period: backscatter difference
between three day average and preceding three day period for SeaWinds QuikScat and Metop ASCAT over 5x5
degree grid boxes; top: around Salehard - tundra, middle: around Dudinka/Igarka - tundra/taiga transition,
bottom: mid-Yenisey - boreal forest.
Change detection algorithms are commonly applied for
the detection of snowmelt timing from scatterometer,
especially SeaWinds QuikScat.
Depending on the
complexity of the method, parameters such as long-term
noise and multiple event analyses were incorporated.
Temporal averaging is a commonly accepted preprocessing step with consideration of diurnal, multi-day or
seasonal averages [17].

First analyses of scatterometer for seasonal thaw have
been based on ERS-1 data as complete coverage of
seasonal cycles from this sensor are already available
since 1992. [18] calculated the typical summer (July)
and Winter (February) backscatter level in order to
determine the thaw timing. When a minimum of 50%
of the winter summer difference is exceeded for at least
two consecutive measurements ground thaw is detected.
However, since re-crystallization of snow can cause
similar backscatter levels as during summer in C-band an
enhanced method has been developed [5] which applies
additionally a maximum likelihood classification over
neighbouring pixels in cases when the initial detection
fails. Initial analyses of MetOp ASCAT showed that
the originally proposed method aiming at spring thaw
detection for ERS scatterometer [18] may be suitable for
also for freeze-up detection in high latitude [19].
The initial analyses of ERS scatterometer was followed
by NSCAT [6], which was a Ku-band scatterometer
(1996/1997). More intensive investigations started with
the launch of QuikScat in 1999. Especially threshold
methods in combination of multi-day averages have been
used (e.g. [20, 21, 22]). The characteristic decrease in
backscatter is used in all cases. A melting snow surface
acts similar to a water surface and thus causes specular
reflection resulting in the low backscatter values. For
Ku-band also the level of summer backscatter is lower
than winter backscatter. In C-band it is lower in winter
than in summer. The detection of snowmelt itself in
C-band does therefore rely on the capability to capture
the short term backscatter decrease. In case of the
determination of freeze/thaw surface status, a distinction
between low backscatter and high backscatter can be the
base for monitoring approaches [19].
In order to assess the springmelt detection capabilities
with C-band scatterometer, the magnitude of backscatter
change when the snow surface starts melting has been
compared for three areas (surrounding of Salehard,
Dudinka/Igarka and mid-Yenisey) with a size of 5x5
degree each (Figure 3). The three day minimum after a
certain day is subtracted from the maximum backscatter
of the three days before. The backscatter difference in
dB is in general twice in Ku-band than in C-band. The
C-band/Ku-band ratio decreases with increasing forest
cover. The sites also differ regarding terrain. The tundra
sites are largely lowland regions which may impede
drainage related to snowmelt.
QuikScat also allows the investigation of diurnal differences during the snowmelt period due to the high
sampling rate [12, 7]. The snow is then often frozen
in the morning and the surface is undergoing melt in
the evening due to air temperatures increase above 0 ◦ C
during the day. This results in strong differences between morning and evening backscatter. This approach
requires high revisit intervals with at least a morning
and an evening measurement per day. The necessary
measurement frequency with ASCAT is however only
available north of 70 ◦ N.

6.

MID-WINTER THAW AND REFREEZE

Melt events can also occur during mid winter and
are followed by freeze up with Ku-band backscatter
increase. These backscatter events are described by [6]
for NSCAT. In order to determine how often such events
actually occur the backscatter difference ∆σt0 on day t
can be extracted considering, e.g., a three day window
before and after the event [23]. A significant change
due to thaw and refreeze can be assumed for a threshold
of 1.5 dB, which equals approximately three times the
typical estimated standard deviation of noise sσ from
SeaWinds. Figures 4 and 5 show comparison examples
with C-band for four specific events in January and April
2008. Magnitude of backscatter dB change is three times
and more higher in Ku-band than in C-band.

January2008, snow depth ~20cm

April 2008, snow depth ~90cm

Figure 4. Short term thaw and refreeze: backscatter difference between following three day average and
preceeding three day period for SeaWinds QuikScat
and Metop ASCAT over 5x5 degree grid boxes; top:
around Jugorskij Peninsula in January, bottom: around
Dudinka/Igarka in April.

The initial results also show a higher sensitivity to snow
refreeze of C-band for larger snow depth (Figure 5).
These observation have been however made for late
winter, during short melt periods before the onset of final
spring snowmelt. Mid-winter events (Figure 4) are less
intense and sensitivity of C-band is very limited in such
cases.
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