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ABSTRACT
The potential of the Advanced Microwave Sounding Unit (AMSU) observations for the depiction and tracking of intense
high-latitude mesoscale maritime weather systems, called polar lows, is explored. Since a variety of mechanisms are
important for their development and maintenance, this investigation is based on three polar low cases of different types.
The AMSU-B channels at 183 GHz are able to locate convective polar lows (PL) even in their incipient stage, at a time
when there is considerable uncertainty as to the nature of the cloud structures seen in the visible or infrared imagery. This
detection is based on temperature depression due to scattering by hydrometeors, as confirmed by comparison with radar
data. These same channels will, however, fail to unambiguously detect weakly convective and mainly baroclinic PL.
The AMSU-A channels help documenting the large-scale environment in which PL develop. Channel 5 clearly shows
the cold air outbreaks associated with these developments, whereas the difference between channels 7 and 5 can be
used to detect and locate positive upper-level potential vorticity anomalies. Because of the high temporal availability of
AMSU observations and despite some limitations pointed out in this study, these results are relevant for PL forecasting

and monitoring.

1. Introduction

Polar lows (PL) are intense mesoscale maritime weather sys-
tems, which form during wintertime over high-latitude regions.
Over the North Atlantic, they are commonly observed over the
Norwegian, Barents, Kara (e.g. Rasmussen and Turner, 2003)
and Labrador Seas (Rasmussen et al., 1996). They occur dur-
ing cold air outbreaks and are generally associated with heavy
snowfalls and surface winds which can be in excess of 30 ms™!.
However, they still represent a challenge in terms of forecast-
ing: their small scale extent (100-1000 km) and short lifetime
(average 15-20 h; Wilhelmsen, 1985), the absence or rarity of
synoptic observations and real-time satellite derived winds, the
poor radar coverage and, in many cases, unreliable model fields
lead to a rather low skill, and some PL even go undetected until
they affect coastal regions.

For years, it has been difficult to formulate a brief, unam-
biguous polar low defintion, partly because a variety of mecha-
nisms can play a role and be important for the development and
maintenance of these systems. A long controversy existed on
whether baroclinic instability (e.g. Harrold and Browning, 1969;
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Mansfield, 1974; Duncan, 1977; Nordeng and Rasmussen,
1992), conditional instability of the second kind (CISK) or wind-
induced surface heat exchange (WISHE) in which the primary
energy source is fluxes of heat from the ocean to the atmosphere,
the role of convection being to transport the energy through the
troposphere (e.g. Emanuel, 1986; Emanuel and Rotunno, 1989;
Rasmussen, 1989), would better expain such developments. It
was finally agreed that PL appear in many forms, leading to the
idea of a ‘spectrum’ of mesoscyclones (Turner et al., 1993) go-
ing from purely baroclinic to purely convective sytems, includ-
ing hybrid systems. There is now a consensus on the following
definition (Heinemann and Claud, 1997), used throughout this
paper: the term polar mesocyclones is the generic term for all
meso-a and meso-b cyclonic vortices poleward of the main po-
lar front (scale definition according to Orlanski, 1975). The term
polar low should be used for intense maritime polar mesoscale
cyclones with scales up to 1000 km with a near-surface wind
speed exceeding 15 m s~!. Depending on the nature of the mech-
anisms at play, cloud fields show certain basic, characteristic sig-
natures, but in general the visual impression in infrared/visible
imagery of PL is similar to the better known tropical cyclones,
with cloud bands and an eye at the centre, though their extent
and intensity are smaller.

Because of the lack of in situ observations over the devel-
opment areas, satellite data offer the best way to observe these
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storms. Information from polar-orbiting satellites have indeed
been used during the last two decades to document PL envi-
ronment and structure (e.g. Claud et al., 1992a,b, 1993, 2004;
Turner et al., 1992). These studies have shown that the most
comprehensive view of PL is provided by the synergetic use
of multiple instruments; it increases the amount and kind of
variables and also the temporal resolution, which over these ar-
eas is already good due to the overlapping of successive passes
(e.g. Claud et al., 1993; Carleton et al., 1995; Heinemann, 1996;
Moore et al., 1996; Lieder and Heinemann, 1999).

Among the variety of instruments and therefore wavelengths
that can be used for PL observations, the potential of microwave
wavelengths has been largely demonstrated in the past. The
Scanning Multichannel Microwave Radiometer (SMMR) sen-
sor, with channels at 19 and 37 GHz (Gloersen et al., 1989;
Rasmussen et al., 1992), and then the Special Sensor Microwave
Imager (SSM/I), with additional frequencies at 22 and 85 GHz,
have been extensively used (e.g. McMurdie et al., 1997; Hewson
et al., 2000; Claud et al., 2004). Their advantage over infrared
(IR) measurements is that they penetrate clouds and are sensi-
tive to those characterized by large ice particles. This property
can precisely be used to detect and track PL through the pres-
ence of convective cells as shown by Claud et al. (1992a) using
85 GHz measurements on SSM/I. The launch of the Advanced
Microwave Sounding Unit (AMSU) instrument package first in
1998 on NOAA-15, with an increased number of frequencies
including 89 and 183 GHz and an improved spatial resolution
up to 16 km, should increase the knowledge on PL characteris-
tics and environment. However, so far, to the knowledge of the
authors, AMSU data have been used only once for the study of a
PL (Moore and Vonder Haar, 2003). These authors showed how
the warm core structure of a PL that occurred in the Labrador Sea
on 17-18 March 2000 could be identified by AMSU measure-

Table 1. Frequencies and bandwidth of AMSU-A and B channels

ments at 53.6 GHz (AMSU-A channel 5). They also suggested
that observations at 50, 89 and 183 & 3 GHz could provide addi-
tional insight into the PL structure and environment in terms of
cloudiness, surface variability and moisture, though the analysis
of these last frequencies was undertaken solely in an attempt to
better characterize the structures at 53.6 GHz. In this study, we
propose an extension of the work of Moore and Vonder Haar
(2003), showing how high frequencies offer new possibilities
of early detection and tracking of PL. In addition, a description
of the synoptic environment can also be inferred from channels
sounding around 55 GHz. Since PL appear in many forms, the
exploration of the potential of AMSU observations is based on
three case studies that have been chosen to cover the wide spec-
trum of PL. This will also allow to show some limitations of
AMSU regarding its ability to detect some types of PL.

The paper is organized as follow. In Section 2, a description
of AMSU data and the necessary pre-processing are presented.
In Section 3, a brief synoptic analysis of the three case studies is
given. AMSU observations of PL developments are presented in
the following section. Finally, the results from the analysis are
summarized and discussed in Section 5. Advantages as well as
limitations that can be expected from the use of AMSU for PL
research and forecasting are highlighted.

2. The AMSU data

The AMSU instrument has been collecting observations on-
board of NOAA-15, 16, 17 and 18 polar-orbiting satellites
starting in 1998, 2000, 2002 and 2005, respectively. AMSU,
whose swath width is of approximately 2300 km, consists of
two modules—AMSU-A and AMSU-B. AMSU-A, with 12
of 15 channels between 50 and 58 GHz in the Oxygen band
(Table 1), allows the observation of the temperature structure of

AMSU-A AMSU-B
Channel number Centre freq. (GHz) Bandwidth (MHz) Channel number Centre freq. (GHz) Bandwidth (MHz)
1 23.80 251 1 89 5000
2 31.40 161 2 150 4000
3 5.30 161 3 183+1 1000
4 52.80 380 4 183 +3 2000
5 53.59 £ 0.115 168 5 183 +£7 4000
6 54.4 380
7 54.94 380
8 55.50 310
9 57.29 (fo) 310
10 fo£0.217 76
11 fo £0.320 £ 0.048 34
12 fo £0.322 +£0.022 15
13 fo£0.322£0.010 8
14 fo £0.322 £ 0.004 3
15 89.00 2000
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Fig. 1. Normalized weighting functions for the AMSU-A temperature
channels sounding in the troposphere (3—8) and AMSU-B channels at
nadir, for a subarctic profile.

the atmosphere from the surface until 40 km (Fig. 1). Its spa-
tial resolution ranges from 48 km at nadir to about 150 km at
the edges of the swath. AMSU-B has two atmospheric window
channels (at 89 and 150 GHz) and three channels along the wings
of the H,O absorption band centred at 183 GHz (Table 1). These
three channels provide data on the atmospheric humidity on the
upper (B-3), middle (B-4) and lower (B-5) troposphere whereas
channels B-1 and B-2 enable deeper penetration through the at-
mosphere to the surface (Fig. 1). At the frequencies of AMSU-B,
clouds are almost transparent whereas rain and snow are strong
scatterers, so that this instrument can also be used to map pre-
cipitation. The spatial resolution of AMSU-B is of 16 km nadir
and 52 km at the edges.

Early NOAA-15 observations suffered from antenna interfer-
ence problems during the period 1998-1999 (Mo, 1999). This
problem has been corrected subsequently; however, scan asym-
metries with respect to the angle of view in NOAA-15 AMSU-B
can be large (Buehler et al., 2005), and therefore we have
favoured, whenever possible, the use of data from NOAA-16 and
17 in this study. For NOAA-15 passes that have nevertheless
been used, we have checked that the asymmetry was minor.

AMSU-A brightness temperatures (BT) must be corrected
for the zenith angle affect due to the fact that a thicker layer of
the atmosphere is probed as the field of view departs from the
nadir position. This leads to colder temperatures at the edge of
the orbits for channels sounding the troposphere. Several meth-
ods have been proposed to correct this effect (e.g. Wark, 1993;
Goldberg et al., 2001), and they have been shown to reduce the
effect to the noise level accuracy. In this study, AMSU-A BT
have been adjusted using coefficients derived from the radiative
transfer model Radiative Transfer for Tiros Operational Vertical
Sounder (RTTOV) version 8.5 (Saunders et al., 2005), which is
able to simulate realistically the AMSU BT (Bauer et al., 2006).
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Fig. 2. RTTOV derived brightness temperatures average bias (a)
relative to the nadir position and associated standard deviation (b) for
tropospheric channels for AMSU-A as a function of angle of view.
Only the first half number of beams is shown.

Figure 2a shows the RTTOV simulated BT biases between the
angle of view and nadir for AMSU-A tropospheric channels,
for three arbitrarily chosen days (one for each case study) and
the North Atlantic area, whereas Fig. 2b shows the associated
standard deviation. The biases for the channels that are not
significantly affected by the surface, that is, channels 5, 6 and
7, are —11, —10 and —6.5 K, repectively, whereas the standard
deviation is of the order of 1.5 K. Lowermost tropospheric chan-
nels (3 and 4) present larger variability than upper tropospheric
channels. The bias of simulated BTs relative to nadir is time-
dependent (Fig. 3, top row for channels 5, 7 and 8) and latitude-
dependent (Fig. 3, bottom row), with the bias decreasing with
increasing latitude. Therefore a time- and latitude-dependent set
of coefficients is applied to correct BT for the limb effect. One
further question is whether the influence of the surface in the BT
for these three channels would yield different sets of coefficients
for land and ocean. The difference in bias being less than 1 K
(not shown), even for large viewing angles, a single (time- and
latitude-dependent) set for both sea and land was chosen. For
module B, only Greenwald and Christopher (2002) reported a
depression of up to 5 K due to limb effect in NOAA-15 AMSU-
B channel 3, but since no further documentation of limb effect
or its correction for AMSU-B was found, the data were used
without applying any correction.
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Fig. 3. RTTOV-derived limb-correction coefficients as a function of beam position (15 representing the near-nadir field of view), for channels shown
on the top of each panel. Top row: different dates (solid, 00 UTC 17 December 2004; dotted, 00 UTC 20 January 2005; dashed, 00 UTC 06 March
2005); bottom row: different latitudes (average of three dates of top row, from 50 to 80°N every 2.5°).

3. Case studies

To fully explore the potential and limitations of AMSU for polar
low observation, three very different cases—from mainly con-
vective to mainly baroclinic at least in the incipient stage—have
been chosen. In this section, a brief synoptic description of these
three cases is given.

3.1. 18 December 2004

The 17-18 December period was characterized by an outbreak
carrying cold air from snow and ice covered areas over the
Norwegian Sea. Early on 18 December, the northerly flow as-
sociated with the cold air outbreak was a result of a decaying
synoptic low between Norway and Spitzbergen and a high over
Greenland. The polar low formed in the early hours of the day,
beginning as a cluster of Cumulo-Nimbus (Fig. 4a). At 18 UTC
(Fig. 4b), it hit just south of the Lofoten Islands and was observed
by aradar located over this area. Based on High Resolution Lim-
ited Area Model (HIRLAM) -10 km results, temperatures as low
as —42 °C were prognosed at 500 hPa upstream of the low, but no
closed circulation appeared on the 18-h-forecast. This convec-
tive polar low is typical of the majority of PL and corresponds
to what used to be called primary (or real) PL (Rasmussen et al.,
1993).

3.2. 21 January 2005

This low lasted only from 12 to 21 UTC and reached Denmark. It
was on the southern tip of a long north-south oriented deep sur-
face trough with convection up to about 9 km. It was associated
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with a shallow upper trough and cold core, with the temperatures
at 500 hPa being around —39 °C. The sea surface temperature
being of around 7 °C, the difference between the sea surface
temperature and the temperature at 500 hPa was just above the
43 °C threshold currently used for defining PL at the Norwegian
Meteorological Institute (Noer and Ovhed, 2003; Claud et al.,
2007). The low yielded winds of 25 m s~!' measured on a boat in
the central North Sea and more than 20 m s~! over a wider area
(Fig. 4c). Unlike the preceding case, it was a rather atypical po-
lar low, though belonging to the developments that may appear
during cold air outbreaks, and is an hybrid in the spectrum with
both convection and baroclinicity important to its development.

3.3. 7 March 2005

This polar low development took place along a boundary layer
front between Svalbard and northern Norway (Fig. 4d). It lasted
about 12 h, and the associated circulation was very shallow (less
than 2 km; B. Bruemmer, personnal communication, 2005). It,
however, gave high wind speeds during the early stages (more
than 20 m s~! measured locally at Bear Island) and, as such, can
be considered as a polar low though fairly weak. This case is
representative of PL forming through baroclinic instability.

4. AMSU observations of PL

4.1. 18 December 2004

The three satellite suite (NOAA 15-17) available at that time
offers a global sampling nearly every 4 h, but at high latitudes, a
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Fig. 4. Advanced Very High Resolution Radiometer (AVHRR) 11 um imagery for (a) 18 December 2004, 08 UTC, NOAA-15; (b) 18 December
2004, 18UTC, NOAA-17; mean sea level pressure (mslp), as well as temperature and geopotential heights at 500 hPa (from HIRLAM-10 km,
18-h-forecast) have been superimposed; (c) 21 January 2005, 20 UTC, NOAA-17 and (d) 7 March 2005, 03 UTC, NOAA-16.

much more frequent sampling of any mesoscale system can be
obtained due to overlapping swaths. Even if we exclude passes
that only partially cover the polar low, we still have six good
passes during the lifecycle of the disturbance.

For exploring the potential of AMSU-B channels for the mon-
itoring of PL, and since this monitoring is based on the presence
of large ice particles, we first present AMSU-B channels 2-5
for 18 UTC, 18 December 2004 (Fig. 5), that is, at a time when
the polar low was within the radar range (Fig. 6). AMSU-B BTs
show, in latitudes between 65°N and 70°N and longitudes be-
tween 5°E and 15°E, areas of colder temperatures due to scatter-
ing by hydrometeors corresponding to the PL, in fair agreement
with higher reflectivity values in the radar image. For precipi-
tating areas as depicted by the radar, channel 4 indicates values
of the order of 240 K or below (and a BT depression of about
15 K compared with the environment), while values of about
234 K or below (and an approximate depression of about 20 K)
are observed for channel 5. Using these thresholds, an early

BOOAA- 16 MAOIS -0 k]

detection of the PL is possible, as shown on Figs. 7a and b dis-
playing AMSU-B4 BT at 03 and 06 UTC, 18 December. At 03
UTC, convective areas are observed around 71°N 3°E and 72°N
5°E, and they move southeastwards subsenquently. This early
detection has implications in terms of forecasting, since these
systems develop in areas where in situ data are rare or even non-
existent and outside of the radar coverage. At this time, there
is considerable uncertainty as to the nature of the various cloud
structures on visible and IR imagery. Even if the IR images at
03 and 06 UTC (not shown) suggest some cyclonic structure at
the top of the clouds level, it is difficult to predict the potential
for further development because the lowest layers are obscured
by the cirrus shield. Channel 4 also permits the tracking of the
PL during its whole lifecycle as can be seen on Fig. 7 showing
the sequence from 03-20 UTC, 18 December. Similar results
are obtained with channel 5 (not shown); channel 3 appears
more noisy and shows less clearly the convective structures
in their incipient stage, likely because it sounds higher in the
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Fig. 5. NOAA-17 AMSU-B Brightness
Temperature (in K) channel 2 to 4 for 18
UTC 18 December 2004.

Fig. 6. Advanced Very High Resolution
Radiometer (AVHRR) 11 pm imagery, mean
sea level pressure (from HIRLAM-10 km,
6-h-forecast) and radar reflectivity for 18
UTC 18 December 2004.

atmosphere (Fig. 1) whereas PL are generally restricted to the
first 5 km.

In addition, a synoptic description of the thermal environ-
ment in which the PL develop can be obtained from AMSU-
A observations. The sequence of AMSU-A channel 5 from
03 UTC, 17 December, until 10 UTC, 18 December (Fig. 8),
clearly shows the development of the cold air outbreak over the
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Norwegian Sea. At 12 UTC, 17 December (Fig. 8b), the gradi-
ent is very strong and tends to slacken a bit during the following
hours.

As can be seen from Fig. 8, the spatial and vertical resolution
of AMSU-A do not permit to infer precise thermal structures at
the scale of the PL. This will be only very occasionnaly possible
in the presence of a sufficiently large and deep signature, as it
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was the case for the PL studied by Moore and Von der Haar
(2003).

4.2. 21 January 2005

Like the preceding case, a very high sampling of this event is
available, with six passes between 03 and 20 UTC. This case
confirms the previous findings as can be seen on Fig. 9 show-
ing AMSU-B4 and -B5 for passes at 11 and 20 UTC, respec-
tively. The convective cells observed on IR imagery appear with
AMSU-B4 and -B5 BT of the order or below 240 K. However,
AMSU-B2 displays less sensitivity to the large ice particles,
very likely due to its lower frequency and the position of the
weighting function, well below the 9 km level corresponding to

Fig. 7. AMSU-B channel 4 Brightness
Temperature (in K) sequence for 18
December 2004: (a) NOAA 16, at 03UTC;
(b) NOAA 15, at 06 UTC; (c) NOAA 16, at
10 UTC; (d) NOAA 15 at 15 UTC; (e)
NOAA 17, at 18 UTC and (f) NOAA 17, at
20 UTC.

the upper level of convection. In addition, AMSU-B2 displays
low values over other areas (around Iceland and along the east-
ern coast of Great Britain), and for these two reasons, it appears
to be less efficient than channels 4 and 5 for the depiction of PL.

The AMSU-AS also shows a very cold air outbreak that
reached relatively southern latitudes (Fig. 10; 03 and 12 UTC, 21
January). The polar low developed shortly after the time when
the gradient was the strongest.

Several PL have in common the presence of an upper-level
positive potential vorticity (PV) anomaly, which, when passing
over aregion of low-level baroclinicity, triggers the development
at the surface. Such a positive PV anomaly corresponds to an
intrusion of stratospheric air into the troposphere. Because of
the stratospheric origin and the downward vertical penetration,
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03 UTC 17 Dec 2004

d) 10 UTC 18 Dec 2004

Fig. 8. Limb-corrected NOAA-16 AMSU-A
channel 5 Brightness Temperature (in K)
sequence for 17-18 December 2004: a) 03
UTC 17 December; (b) 12 UTC 17
December; (¢) 03 UTC 18 December and (d)
10 UTC 18 December.

the associated thermal anomaly is positive (i.e. warm). In a re-
cent study dedicated to AMSU observations of Mediterranean
systems, Funatsu et al., (2007) demonstrated that AMSU-AS8
BT was suitable for the detection of upper-level structures. In
addition, the difference between AMSU-A channels 7 and 5,
in which the lower troposphere part of the signal is removed
from channel 7, could detect deep intrusions. We found that
AMSU-AS8 could not be used for the same purpose in high-
latitude regions, because stratospheric intrusions are probably
too shallow, the weighting function peaks too high (Fig. 1) and
the sensitivity of the channel is not sufficient. However, of inter-
est is the fact that the difference between AMSU-A channels 7
and 5 for the orbit at 03 UTC shows an area of increased differ-
ence (i.e. less negative) situated roughly between Denmark and
Iceland, with a local maximum to the south of Norway (Fig. 11).
This feature appears also on PV fields at 300 hPa from ECMWF
(Fig. 12a) and on the vertical cross-section at 63°N (Fig. 12b),
suggesting a possible PV interaction in the PL development.
This feature was very likely associated with the presence of a
synoptic low over this area some time before the development
of the PL.

4.3. 7 March 2005

Four passes at 03, 07, 09 and 11 UTC are available during the
lifecycle of the PL. Looking at AMSU-B channels 2,4 and 5 at 03
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UTC (Figs. 13a, ¢ and e), there is no clear indication of very low
values due to scattering that could permit to detect and/or track
the PL. Only a very small area with colder BT values appears
in AMSU-B5 at 74°N 21°E and then at 11 UTC at a latitude of
71°N, between approximately 18°E and 27°E (Figs. 13b, d and
f). These convective areas are seen in the eastern cloud structure
forming the PL, whereas the western one appears as warmer
than its environment due to its microphysical composition (the
signal emitted by precipitation overcomes the scattered one). A
close inspection of AMSU-B2 channel also indicates low BT
values in the convective part of the clouds, which are, however,
difficult to distinguish from their immediate environment. This
case shows that for PL that are only marginally convective, a
detection and tracking using the AMSU-B instrument will be
ambiguous or even impossible.

However, as for the preceding cases, AMSU-A channel 5
(Fig. 14) shows a strong baroclinic area with very cold air (about
236 K) between Svalbard and Northern Norway and extending
over the Barents Sea.

The difference between AMSU-A channels 7 and 5 for 7
March at 03 UTC is shown on Fig. 15. As for the 21 January
PL, an area of reduced difference appears to the northeast of the
orbit. This feature is in qualitative agreement with ECMWF PV
fields in the upper troposphere (Figs. 12c and d) and indicates
the presence of a strong PV anomaly that has very likely played
an important role in the development of the polar low.
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Fig. 9. NOAA-17 AMSU-B channels 2, 4, 5
Brightness Temperature (in K) for 21
January 2005 at 11 (a, c, e) and 20 UTC (b,
d, f).

(b) 12 UTC 21 Jan 2005

m

Fig. 10. Limb-corrected NOAA-16 AMSU-A channel 5 Brightness Temperature (in K) for 21 January 2005 at (a) 03 and (b) 12 UTC.

5. Discussion and summary

There has now been a number of studies aiming at showing
the potential of the AMSU onboard the NOAA polar-orbiting
satellites for tropical and mid-latitude storms (e.g. Kidder et al.,
2000; Spencer and Braswell, 2001; Zhu et al., 2002; Brueske
and Velden, 2003; Demuth et al., 2004; Funatsu et al., 2007,
Yao et al., 2008). This study concentrates on polar oceanic re-
gions where conventional observations are scarce and for which

a single study has been conducted (Moore and Von der Haar,
2003). These regions are regularly affected by PL, which are
characterized by severe weather that can take the form of strong
and rapidly changing winds and dense snow showers. As a con-
sequence, they often cause problems for the coastal fisheries,
as well as interruptions for aviation and general traffic in the
coastal areas. The AMSU has the advantage of having a finer
vertical and horizontal resolution than previous vertical sounders
(e.g. Heinemann et al., 1995), which makes it very attractive to
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Fig. 12. Left-hand column: Potential Vorticity at 300 hPa (every 2 PV units). Right-hand column : cross-section of PV (solid contours) and PV
anomaly relative to a monthly mean (dotted with positive anomaly shaded). (a) and (b), 21 January 2005 at 06 UTC, cross-section at 63°N; (c) and
(d) 7 March 2005 at 06 UTC, cross-section at 72°N; (e) and (f) 17 December 2004 at 12 UTC, cross-section at 68°N. PV fields are from the

operational ECMWF analyses.

characterize PL, since they are mesoscale and generally rather
shallow phenomena. In addition, AMSU is made of two mi-
crowave modules (AMSU-A and B), with most channels insen-
sitive to clouds, except those characterized by large ice particles.

Tellus 61A (2009), 2

This property precisely makes possible the detection, even at
the incipient stage and the tracking of PL. Moore and Von der
Haar (2003) mainly considered AMSU-A channel 5 to identify
the warm structure of a polar low, as well as complementary
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(a) AMSU-B2 03 UTC 7 Mar 2005

AMSU-B4 03 UTC 7 Mar 2005

1] AMSU-85 03 UTC 7 Mar 2005

AMSU-B2 11 UTC 7 Mar 2005

(F)

Fig. 13. AMSU-B channels 2, 4, 5 Brightness Temperature (in K) for 7 March 2005 at 03 (a, c, ) and 11 UTC (b, d, f). Observations at 03 UTC are

from NOAA-16, whereas observations at 11 UTC are from NOAA-17.

information from AMSU-A3, B1 and B4 for cloud, surface and
moisture effects that could possibly pollute the signal in the
former. This study goes beyond these efforts, bringing the first
attempt of using AMSU-B channels for an early detection and
then tracking of the PL. In addition, the potential of AMSU-A to
detect cold air outbreaks and upper-level structures that trigger
polar low developments is also explored. We have focused on
three case studies chosen to cover the spectrum of PL, that is,
from mainly convective to mainly baroclinic.

We investigated the ability of the three channels that sound
at 183 GHz and the channel at 150 GHz (AMSU-B channels 2—
5) to track PL. A comparison with a radar image from Lofoten
Island for a convective PL. showed a good correspondence be-
tween depressed BT and the occurrence of precipitation. An
early detection and tracking of convective PL is possible, in par-
ticular from AMSU-B4 and -B5. The AMSU-B2 has also some
skill, but is less efficient when PL have a deep vertical extension,
and also because it does not always show strong BT gradients

Tellus 61A (2009), 2
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10 UTC 6 Mar 2005

275

{b)

03 UTC 7 Mar 2005

Fig. 14. Limb-corrected AMSU-A channel 5 Brightness Temperature (in K) for (a) 10 UTC 6 March and (b) 03 UTC 7 March 2005.

(a)

10 UTC & Mar 2005

(b}

03 UTC 7 Mar 2005

Fig. 15. Same as Figure 11 except for (a) 10 UTC 6 March and (b) 03 UTC 7 March 2005.

compared with the surroundings. However, for PL that are only
weakly convective as it was the case for the PL on 7 March, the
detection and the tracking from AMSU-B remains marginal.

The usefulness of AMSU-A channels for describing the syn-
optic environment in which PL develop has also been investi-
gated. Channel 5, which peaks at about 5 km can clearly identify
the cold air outbreaks associated with PL. However, a precise
mesoscale description of the thermal structure of the systems,
and in particular warm cores, is generally not possible, except
very occasionnaly in the presence of a sufficiently large and deep
signature.

Finally, among the different pre-conditioning conditions for
PL developments, a PV trough is often encountered. Because
of its stratospheric origin, the corresponding thermal signal
of such intrusions is an increased temperature just around the
tropopause. Using ECMWF PV fields for validating the coher-
ent structures seen in AMSU-A data, we found that the differ-
ence between AMSU-A channels 7 and 5 channels was suitable
for the detection of upper-level structures, as illustrated by the
21 January and 7 March 2005 cases. Conversely, for the 18
December 2004 case, the difference between channels 7 and 5
(not shown) did not exhibit marked structures, as it was also
the case for ECMWF 300 hPa PV filelds (Figs. 12e and f).
Clearly, this demonstrates the ability of AMSU to derive dy-
namic information in addition to thermal structures, allowing a
better view of mesoscale weather systems in such data-sparse
regions.
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In spite of some limitations described in this study, our results
have implications for PL forecasting. Information provided by
AMSU-A channel 5 and by the difference between channels 7
and 5 can help to decide if a favourable environment for PL
development has been set through the presence of cold air and
instability in the troposphere. In operational forecasting of PL,
the information on the state of the airmass, for example, insta-
bility, upper troughs and temperatures at 500 hPa, are almost
all drawn from prognostic fields from numerical models. The
method suggested here could provide an observational supple-
ment to the prognosis and also be a useful tool in model verifi-
cation (e.g. Chaboureau et al., 2000, 2008) in these areas, where
other sources, such as for example actual soundings, are almost
absent. In addition, the AMSU-B observations obviously add
some information to the IR images currently used for forecast-
ing purposes, since only cloud tops can be seen in the IR images,
whereas AMSU-B has the potential to sound through the clouds.
In particular, in the early phases of development, there is consid-
erable uncertainty as to the nature of the various cloud structures.
Often the initial disturbance is apparent just as a fuzzy stratus
shield, with little clue as to what lies beneath. In those cases, an
in depth view from the AMSU-B can be very useful, by showing
the presence of convection. Besides, one of the main difficulties
in the forecasting centres is to decide if a low is filling or deepen-
ing. The high temporal sampling that permits tracking of these
structures at close time intervals, could help the diagnostic. An
illustration of this point is provided by the model forecasts that
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were produced for the 18 December 2004 case—cold air at 500
hPa (favourable for a PL development) but no close circulation
at the surface (Figs. 4b and 6). AMSU-A channel 5 confirms
the presence of a cold air outbreak (Fig. 8), and in addition,
the detection of the incipient PL in the early hours of the day
(Fig. 7) confirms the possibility of a PL reaching the Norwegian
coast in the evening.

The results presented in this study are also relevant for cli-
matological studies of polar low events. Such climatologies re-
main seldom and are, at the time being, of two types. The first
type relies on extensive subjective IR-visible satellite imagery
(Carleton, 1985; Forbes and Lottes, 1985; Harold et al., 1999).
Caveats of such studies are their shortness (typically a couple
of years), essentially because of the non-automatic character of
the method and the uncertainty when attempting to strictly re-
peat such a technique. Alternatively, recent climatologies tend
to define objective criteria to indentify PL from reanalyses
(Condron et al., 2006; Bracegirdle and Gray, 2008). However,
there are also limitations, which come from the representation of
PL in such reanalyses (e.g. Condron et al., 2006 have shown that
about 3 out of 4 for PL having a size between 100 and 500 km
are not represented in ERA-40 data) and the rather low tempo-
ral frequency that precludes the tracking of PL. Investigation of
microwave signature of PL may overcome some of these limi-
tations because of the higher temporal resolution and the long
period of time available. However, such climatology would be
biased towards convective events since it would underestimate
those possessing stronger low-level baroclinicity and weaker
convection.

In a more general context about the use of microwaves, there
have been discussions in the past to decide which microwave
channels should be included in satellite missions that (also) aim
at snowfall/high-latitude precipitation determination. For exam-
ple, Bennartz and Bauer (2003), using 2-D and 3-D simulations
of different precipitation events, showed the superiority of a
channel at around 150 GHz over channels at 183 GHz. 150 GHz
is optimal because it is at the same time highly sensitive to
variations in ice scattering, and only moderately affected by
variations in surface emissivity. Conversely, the water vapour
sounding channels, which should be superior because of their
little sensitivity to surface emission, have their scattering signal
partially masked by the increased impact of water vapour in and
above the clouds. They found that a 183 &+ 7 GHz channel had an
equally high sensitivity to ice particle scattering as the channel at
150 GHz only for very dry and low surface emissivity. As far as
PL are concerned, this study shows the importance of channels
at 183 + 3 GHz (AMSU-B4) and 183 &+ 7 GHz (AMSU-B5)
and their advantages over the channel at 150 GHz (AMSU-B2).

Finally, although this study was intentionaly restricted to
the use of AMSU data, it is clear that a more comprehen-
sive picture of individual PL is given by the synergetic use
of multiple satellite systems. Further studies should go into this
direction.
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