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ABSTRACT

ECMWF analyses and TOVS retrievals obtained with the Improved Initialisation Inversion
(version 2) algorithm are used to study a meso-scale cyclone over the western Barents Sea during
26-27 February 1987. Due to the good spatial and temporal coverage of the polar regions by
TOVS data, the development of this vortex was documented in detail. Results from TOVS
retrievals are compared with results from a simulation using a limited area model. The retrievals
reveal the intensification of a cold air outbreak over the period of a few hours, leading to
enhanced formation of the vortex. The development of an extended warm belt over the Barents
Sea is observed, but the weak warm core, shown by the numerical simulation at lower layers

inside this warm belt, is not resolved.

1. Introduction

The investigation of meso-scale phenomena in
polar regions by means of retrievals of atmospheric
temperatures and humidities from measurements
of the TOVS (TIROS-N Operational Vertical
Sounder) sensors has become a topic of increasing
interest in recent years (e.g., Claud etal, 1993;
Turner et al., 1993b; Claud et al., 1992; Heinemann,
1989). Meso-scale cyclones (MC) in polar regions
occur in both hemispheres (cf. Rasmussen et al.,
1993; Turner et al, 1993a; Heinemann, 1990;
Rasmussen, 1983). It has been documented by
climatological studies that these vortices are
embedded in cold air pools in the 500/1000 hPa
thickness fields, which are related to cold air out-
breaks (Businger, 1985; Ese etal, 1988). As
TOVS retrievals yield layer-mean temperatures for
relatively thick layers, they seem to be a good tool
for monitoring the synoptic and subsynoptic
environment associated with the meso-scale
cyclogenesis of these systems.

Heinemann et al. (1994) demonstrated the poten-
tial and limitations of the TOVS sensor package to

resolve meso-scale temperature disturbances for
the algorithm of the Improved Initialisation Inver-
sion (3I-version 2; Chedin et al., 1985; Chedin
et al., 1986; Scott et al., 1991), which is used for the
retrievals of atmospheric temperature fields in this
paper. Meso-scale phenomena can be detected by
the retrieval algorithm only if they have a hori-
zontal scale exceeding 200 km and a significant
radiance signal. Many of the MCs found in polar
regions do not fulfil these criteria and are not
resolved by TOVS retrievals. In such cases, the
retrieved temperature and humidity fields yield
useful information of the synoptic-scale conditions
of the background field as operational analyses are
often poor due to the scarcity of observations.
Turner et al. (1992) showed for a mature polar low
over the Norwegian Sea, that the main features of
the thickness field, that were found in the meso-
scale analysis from aircraft data (Shapiro et al.,
1987), were reproduced by TOVS retrievals. For a
quasi-stationary MC near Halley Station in the
eastern Weddell Sea, Turner et al. (1993b) used
TOVS retrievals as an important source of infor-
mation to refine the meso-scale analysis of the
vortex.
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2. The synoptic situation

On 26 February 1987, a MC developed over
the western Barents Sea, moved towards the
Norwegian coast and reached its mature stage
during the first hours of the next day. Fig. 1 shows
the channel 4 AVHRR image (reduced resolution)
for 04.10 UTC 27 February. The vortex centre was
located at 72°N, 23°E, close to the Norwegian
coast. West of the centre there were extended cloud
streets, which covered the area between Svalbard
and the 65° N latitude circle. The cloud structure of
the MC showed pronounced spiral arms (lowest
brightness temperatures around —43°C) and a
cloud-free centre with a diameter of 3040 km
(brightness temperatures about +2°C). Shallow
convective clouds on the western side (cloud top
temperatures about —20°C) were separated from
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deeper convection cells on the eastern side (cloud
top temperatures about —30°C) by a shallow
meso-scale front or convergence line indicated by a
pronounced spiral arm extending from the western
side of the core towards the north and northeast.
Documentation of the synoptic development
and a simulation with the numerical model of
the Norwegian Meteorological Institute (DNMI)
using a horizontal resolution of 25km was
described by Rasmussen (1989) and Nordeng and
Rasmussen (1992). The latter paper will be
referred to as NR92 in the following. These papers
demonstrate that the genesis of the MC started
near the centre of an occluded synoptic-scale
cyclone (denoted “L” in the following) in the
western part of the Barents Sea near 74°N, 30°E,
at 12.00 UTC 26 February 1987. In the ECMWF
analysis for this time (not shown), “L” was

Fig. 1. AVHRR-channel 4 (polarstereographic projection) 04.10 UTC 27 February 1987. “H” and “L” mark positions
of surface pressure centres from the ECMWF analysis 00 UTC 27 February (cf. Fig. 2).
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analysed as a warm core system at the 1000 hPa
level with weak warm air advection on its eastern
side and strong cold air advection on the western
side. At the 500 hPa level, “L” was analysed as a
cold core system with lowest temperatures of
—46°C and with the surface centre lying down-
stream of a trough in the geopotential field. The
ECMWEF analyses show that the MC developed
near the centre of this trough in a region of weak
upper air cyclonic vorticity advection and weak
temperature gradients at the 500 hPa level.
However, in the simulation of NR92 the genesis of
the MC was triggered by a small-scale maximum
of isentropic potential vorticity in the middle
troposphere (Fig. 12 in NR92). At 17.00 UTC 26
February, the first signs of shallow convective
spiral arms with a circulation around a cloud-free
centre can be detected at 74° N, 28°E. During the
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following hours, the onset of strong convection
was observed, and the MC moved westward while
it intensified (cf. Fig. 1). Windspeeds up to 20 m/s
were recorded at Norwegian coastal stations at
that time and a pressure disturbance associated
with the MC of about 5hPa was estimated in
NR92.

The ECMWF analysis of the thickness fields
850/1000 and 500/1000 hPa at 00 UTC 27 February
(Fig. 2), close to the mature stage of the MC, dis-
played a warm belt over the Barents Sea for both
fields (resulting from a warming of 2-4 K along the
Norwegian coast in the previous 12 h), which
covered the areas of “L” and of the MC. In NR92,
the MC was analysed as a warm core system in its
mature stage and “L” was observed during the
whole development of the MC, playing the role of
a “parent low”.
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Fig. 2. ECMWF analysis for 00 UTC 27 February 1987, for the geopotential thickness 850/1000 hPa (full lines,
isolines every 1 dam) and 500/1000 hPa (dashed line, isolines every 4 dam). The full circle marks the position of the
MC, the triangle indicates the location of the synoptic-scale cyclone “L”, the squares indicate positions of

weatherships.
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3. Results of TOVS retrievals trough on its western and a warm ridge on its east-
ern side. Around noon, at the time of the genesis of

For the period 26 to 27 February 1987, TOVS the MC, the centre of “L” moved to 74°N, 30°E
data covering the area of the Barents and the and began to dissipate. Its major cloud band
Norwegian Seas were available for the following extended southwards across Finland and merged
NOAA overpasses: 26 February: 02.40, 06.00, with the nearly stationary zonal frontal zone near
11.00, 12.40 (NOAA9Y), 17.00, 18.40 (NOAA10); 63°N. The 500/1000 hPa retrievals for this stage
and 27 February: 04.10 (NOAADY). In the morning  (11.00-12.40 UTC) reveal similar gross structures
of 26 February (not shown), the synoptic-scalelow as the ECMWF analysis (values being about
“L” at 73°N, 27°E was accompanied by a cold 6 dam higher near “L”, not shown), but show a
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Fig. 3. Retrievals of the 500/1000 hPa thickness field for the Barents Sea (isolines every 2 dam); the triangle indicates
the location of the occluded synoptic-scale cyclone “L”, the full circle and the full square indicate the positions of the
mesocyclone according to satellite images and limited area model results, respectively. Part a: 26 February 1987,
11.00/12.40 UTC; part b: 26 February 1987, 17.00/18.40 UTC; part c: 27 February 1987, 04.10 UTC.
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more pronounced cold air outbreak south of
Svalbard and a tongue of warm air south of
the occluded cyclone (Fig. 3a). About 6 h later, the
geopotential thickness retrievals display again the
almost stationary frontal zone between Greenland
and Norway (values being about 0-4 dam lower
compared to the retrievals 11.00-12.40 UTC; not
shown). Over the Barents Sea, a significantly
intensified structure of the cold air outbreak on
the western side of the developing MC is visible,
whereas an almost homogeneous temperature field
can be found on the eastern and southern side
(Fig. 3b).

The vortex matured about ten hours later at
4.00 UTC 27 February (Fig. 1). The large-scale
structures in the retrievals of the 500/1000 hPa
field (Fig. 4) remain unchanged for the major part
of the Norwegian Sea (reflecting the broad frontal
zone between Greenland and Norway), but over

G. HEINEMANN

the Barents Sea the cold air outbreak mentioned
above is even more distinct. This structure
represents also the main difference to the ECMWF
analysis (Fig. 2), whereas for other regions a close
similarity between the structures of the retrievals
and synoptic analysis can be found. The absolute
values of the thicknesses in the area of Svalbard are
higher compared to 17.00-18.40 UTC 26 February
(Fig. 3b), but the horizontal temperature differ-
ence has increased in the vicinity of the MC
and the centre is now found on a thermal ridge
embedded between two cold air pools (Fig. 3c).
In their numerical simulation, NR92 explain the
warming in the cold air mainly by large surface
energy fluxes and the release of latent heat.

The modelled centre of the MC was analysed as
a warm, dry core from the surface up to 600 hPa in
NR92. The largest horizontal temperature gradients
were found below 850 hPa (about 4 K/200 km

Fig. 4. Retrievals of the 500/1000 hPa thickness field for the Norwegian and Barents Sea at 27 February 1987, 04.10
UTC (isolines every 4 dam); the full circle indicates the position of the mesocyclone.

Tellus 47A (1995), 3



TOVS RETRIEVALS OBTAINED WITH THE 31-ALGORITHM

outside the warm core). The temperature field
structure relative to the centre obtained from the
retrievals fits well to the results of the numerical
simulation, but the simulated centre is found
approximately 100 km east of the centre observed
in the AVHRR image (Fig.1). A distinct warm
core of the MC was reproduced neither in the
ECMWF analyses nor in the TOVS retrievals.
Instead, both show the development of a long belt
of warm air over the Barents Sea. At lower levels,
this structure is largely determined by the preexist-
ing temperature maximum near the centre of “L”
(Fig. 2), which is likely to be a result of either the
occlusion or a warm seclusion process (Shapiro
and Keyser, 1990). An inspection of the horizontal
temperature field structure of the numerical
simulation (Nordeng, 1993, personal communica-
tion) confirms the analysis obtained by the TOVS
retrievals, as the warm core found in the simula-
tion is very weak (anomaly of about 2 K at levels
close to the ground) and lies in a belt of increased
temperatures.

4. Summary and conclusions

The development of an intense meso-scale
vortex with spiral arms and a cloud-free centre
over the Barents Sea during 26-27 February 1987
has been described using ECMWF analyses and
geopotential thickness structures obtained from
TOVS retrievals with the 3I-version 2 retrieval
algorithm. Results of a simulation with a limited
area model (Nordeng and Rasmussen, 1992) are
also-used for comparison.

The TOVS retrievals show the largest develop-
ment of the geopotential thickness field structure
in the area of a cold air outbreak on the western
side of the MC, with almost stationary fields in
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other regions. It should to be mentioned that
problems with the Microwave Sounding Unit
(MSU) of the TOVS packages of NOAA9 and
NOAA10 are known to have occasionally
occurred during the beginning of 1987, which
sometimes yielded degraded radiance measure-
ments and even jumps in the calibration (Flobert
etal, 1991). In the case study presented here,
however, the consistency of the retrievals from
seven different overpasses from both satellites is a
strong indicator that correct radiance measure-
ments were obtained from the MSU sensors, on
which the retrievals rely to a great part (especially
in cloudy areas).

The TOVS retrievals reveal the intensification of
the cold air outbreak over the period of a few
hours during the formation stage of the MC. This
is not documented by the numerical simulation
of NR92 and may even be undetected by their
simulations. This strong advection of cold air
seems to be an enhancement mechanism for rapid
development of the vortex, which was simulated as
a warm core by the limited area model. The
development of an extended warm belt over the
Barents Sea is also observed, but the weak warm
core at lower layers inside this warm belt, found in
the numerical simulation of NR92, is not resolved.
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