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ABSTRACT

The life cycles of two polar lows in the Norwegian Sea have been studied. Both lows were
observed, analysed and forecast by the Norwegian mesoscale model system. The system is run
operationally 4 times a day and provides high spatial and temporal resolution data for
diagnostics in addition to daily forecasts. Both lows start developing as upper level vorticity
maxima approach low-level baroclinic zones. One of the lows decays after the initial
baroclinic intensification phase, while the other develops further. This second phase, the
maintenance phase, seems to be related to organized convection. The possibility for air-sea
interaction instability is discussed. The role of the underlying surface in creating conditions
favourable for polar low developments is addressed as is the predictability of these mesoscale

cyclones.

1. Introduction

The developing mechanism of polar lows is
not fully understood. The problem was first
addressed by Harley (1960) and Harrold and
Browning (1969), who suggested that they are
caused by baroclinic effects. Undoubtedly, baro-
clinic effects play a major role for the develop-
ment of some (may be all) polar lows. Reed and
Duncan (1987) showed a case study of a family of
polar lows developing in a baroclinic reversed
shear flow (the low advances in the opposite
direction to the thermal wind). Quasi-geostrophic
linear normal mode theory applied to the
observed baroclinic fields gives growth rates
and wave lengths comparable to observations.
Recently, Peltier et al. (1990) used a primitive
equation instability theory on the same data and
obtained excellent results for growth rate, phase
speed and wave length as compared to the analy-
sis of Reed and Duncan (1987). In fact, by using
the full primitive equations in normal mode
baroclinic instability theory, a new instability
mode is found. Peltier et al. (1990) speculate that
this mode may be the mechanism working in

polar lows, comma clouds and polar front cyclone
disturbances.

The classical concept of a growing baroclinic
disturbance from an infinitesimal perturbation
has recently been challenged by Farell (1985,
1988) who instead views baroclinic developments
as a finite-amplitude disturbance, i.e., an initial
value problem. Farrell (1988) shows that the
perturbation that results in the maximum growth
of energy over a specified time interval may be
found by solving a variational problem. In fact,
the solution of this problem resembles an upper
tropospheric trough approaching a surface centre
as in the classical type-B cyclones (Pettersen et
al., 1962).

A completely different theory for the growth
and maintenance of polar lows is based on energy
release through diabatic processes. In several
papers (e.g., Rasmussen, 1981), Rasmussen has
proposed that polar lows forming in the Atlantic
Ocean are CISK driven. CISK (conditional insta-
bility of the second kind) is a self-exciting system
where convection becomes sufficiently organized
to have a positive feedback between the cloud
scale and the developing vortex scale. Emanuel
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(1986) has challenged the CISK concept arguing
that in the atmosphere, there is little convective
available energy present. Instead, he shows that
tropical cyclones may be maintained entirely by
interaction with the underlying warm sea.
Emanuel and Rotunno (1989) have recently
extended the theory to take sensible heat fluxes
into account and have applied the theory on a
polar low in the Norwegian Sea with good results.

It should be remarked that the air-sea inter-
action instability theory of Emanuel requires a
finite disturbance precursor, e.g., a growing
baroclinic wave. Several investigators (e.g.,
Reed, 1979; Sardie and Warner, 1983, 1985;
Rasmussen, 1985) conclude that polar lows
develop from a combination of baroclinic energy
release and some kind of organized convection.
There is no controversy about this conclusion
since polar lows probably form under various
atmospheric conditions as recognized by Lystad
(1986) in his polar low classification. We still do
not know, however, the relative importance of
the various processes which trigger and maintain
the growth of these lows.

Polar lows are frequently observed in the
northern part of the Atlantic Ocean in the winter
time (Rasmussen, 1983). The area is bounded by
Norway, Spitsbergen, Greenland, Iceland and
the British Isles. Typical for this area are large
temperature contrasts at the surface due to a
relatively warm sea, the ice-covered polar basin
and the snow-covered land areas. Accordingly,
there are always present a number of low-level
baroclinic zones which may interact with upper-
level disturbances.

In this paper, the developing and maintaining
mechanism of polar lows will be addressed by a
case study of two polar lows. From the large
amount of lows developing each winter, we have
chosen one from January 1987 and another from
January 1988. The chosen lows are good
candidates for the kind of processes we will
demonstrate in this paper. They seem to be
triggered by the same mechanism, but mature
differently due to different environmental con-
ditions. In order to compare the lows at different
stages of development, we have chosen to jump
from one case to the other. As a tool for the
diagnostic analysis, we will use high-resolution
data from the Norwegian mesoscale model sys-
tem, which is run operational 4 times a day. The
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model system is described in Section 2 together
with a synoptic review of the cases. In Section 3,
we focus on the initial stages of the lows, relating
them to theories about polar low development.
Section 4 is dedicated to the mature phase of the
lows while Section 5 contains a discussion of the
role of the underlying surface and some specu-
lations about the predictability of polar lows in
the light of surface forcing. Section 6 provides a
summary.

2. Numerical model and synoptic overview

While traditional diagnostic studies are based
on data of temporal resolution 12 h (radiosondes),
in principle one may extract data as often as one
wishes from a numerical simulation. Combining
observations and numerical products thus gives
a data set with high temporal as well as
spatial resolution for diagnostic studies. Recently,
Uccellini et al. (1987) and Whitaker et al. (1988)
used a numerical model to describe in detail the
development and intensification of a case of
strong cyclogenesis at the North American coast
(“The President’s Day Storm™). Keyser and
Uccellini (1987) have reviewed the application of
regional and mesoscale models to obtain high
resolution and dynamically consistent data for
diagnostic studies.

2.1. The model system

In this study, we will use the Norwegian
mesoscale model system. The system, which con-
tains procedures for data control, objective analy-
sis, forecasting of weather elements, post-
processing and diagnostics is briefly described in
Table 1. The interested reader may find further
details in the referenced papers. We will use a
combination of objective analyses and forecasts
of various lengths. The data are taken from the
operational data assimilation/forecast cycle for
one of the cases (January 1988), while the data
for the other case (January 1987) is taken from a
rerun where the model system was updated to the
standard of Table 1. The polar low was forecast
with the old version of the model system as well,
but the new version gives slightly better results.
The benefits and accuracy of using the data
assimilation system for the January 1987 case are
discussed in Midtbe et al. (1989).
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Table 1. The Norwegian mesoscale model system

data control
creation of data base

Pre-processing:

data used: SYNOPS, SHIPS, AIREPS, BUOYS, TEMPS, PILOTS

Objective analysis:

(Bratseth, 1986; Grenas and Midtbe, 1987)

optimum interpolation by successive corrections, first guess is 6-h mesoscale forecast

Forecast model:

(Grenas and Hellevik, 1982; Nordeng, 1986; Nordeng et al., 1988)

explicit time integration (Bratseth, 1983)
dynamic initialization (Bratseth, 1982)

o-coordinates, 10 levels

Ax = 50 km, Arakawa D-grid

surface layer fluxes (Louis et al., 1981)

PBL fluxes (Blackadar, 1979)

radiation/clouds (Nordeng, 1986)
stratiform condensation (Nordeng, 1986)

cloud liquid water

convection (Geleyn, 1985)
Lateral boundaries:
SST and ice-edge:
Post-processing:

forecasts from 150 km resolution LAM
climatological for the actual month
all variables in p and o-surfaces every 6 h

stability profile interpolation within surface layer (Geleyn, 1988)

Diagnostics:

full interactive colour-plot system for model variables and derived variables

horizontal and vertical sections, meteograms and soundings

A few comments should be made on the
horizontal resolution. The method which is used
for staggering and time integration (Bratseth,
1983) yields the same resolution for a// horizontal
derivatives of the governing equations. To obtain
the same accuracy for the advection terms in the
Arakawa C-grid, the resolution must be /2 times
smaller (i.e., 35km). The time integration
method has an implicit horizontal diffusion
which mainly affects wave lengths less than 3Ax.
There is no explicit horizontal diffusion.

2.2. Synoptic overview

At 0000 GMT 23 January 1987, a high-
pressure system dominates the Atlantic Ocean so
that the main baroclinic zone is found between
60° and 70°N. North of this area there are calm
conditions and the air adjusts to the local forcing.
Fig. 1 shows surface analysis from 1200 GMT 23
January 1987. At the east coast of Greenland, the
temperature is —24°C while it varies from —15°
to —20°C in the Svalbard area. In between, over
relatively warm water, much higher temperatures
are observed. A ship at (73°N, 2°E) reports of
—1°C. One day later, a low starts to develop in
the synoptic scale flow. The low is elongated in a

northerly direction with a secondary low pressure
centre west of Spitsbergen. The main low intensi-
fies rapidly and crosses the Scandinavian penin-
sula during the next 24 h while the secondary low
remains as a trough (Fig. 2). The 87-low develops
in this trough during the night between 25 and 26
January. The satellite picture (Fig. 3) shows the
low at 0830 GMT 26 January 1987.

One year later, a polar low developed close to
Jan Mayen (73°S5'N, 8°40’W). The low can
hardly be detected on routine weather maps.
Magnus Naustvig (personal communication) has
identified several very small-scale lows forming
at the east coast of Greenland prior to the low
studied here. These lows were not described by
the model system probably due to resolution. Fig.
4 shows the synoptic situation at 1200 GMT 25
January 1988. At this time, a small-scale upper
level trough crosses Greenland (not shown). The
low develops close to Jan Mayen 12 h later. The
satellite picture from 0945 GMT 26 January 1988
(Fig. 5) shows the low with indications of warm
and cold fronts in the middle of the Norwegian
Sea. The analysis will show that the cold air
outbreak in connection with the low east of
Spitsbergen (Fig. 4) contributes to the develop-
ment of the polar low.

Tellus 42A (1990), 1
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Fig. I. Surface analysis for northern Europe for 1200 GMT 23 January 1987. (Europdische Wetterbericht)

3. The development phase

3.1. The low of January 1987

As explained in Section 2, a wedge of warm air
and a low-level trough extending from the coast
of Norway to 80°N along 10°E were present for
several days prior to the development of the polar
low of 26 January 1987. The role of the sea
surface temperature anomaly in creating such a
feature will be discussed in Section 5. The low
developed between 1800 GMT 25 January 1987
and 0000 GMT 26 January 1987.

Fig. 6 shows the initial analysis and the 12- and
24-h forecasts from 0000 GMT 25 January 1987
together with the analysis at 0000 GMT 26
January 1987 of mean sea level pressure and
500 hPa heights. We notice that the model fore-
casts the development of the low as an upper
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level vorticity maximum detectable as a weak
trough at 500 hPa (heavy stippled line in Fig. 6b)
approaches from the polar basin. It should be
mentioned that the trough shows up a bit more
clearly at 700 hPa (not shown). In order to study
the role of baroclinic versus diabatic processes,
we have chosen to show vorticity advection with
the thermal wind. It is well-known that there are
large cancellations between the two main forcing
terms of the quasi-geostrophic omega equation
(differential vorticity advection and differential
thickness advection) and that they may be
simplified to vorticity advection with the thermal
wind. Hoskins et al. (1978) have shown that they
may be written in an even more compact form as
the divergence of a vector. For the sake of
simplicity and qualitative discussions, we will
here use the vorticity advection by the thermal
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Fig. 2. Surface analysis for northern Europe for 1200 GMT 25 January 1987. (Europdische Wetterbericht)

wind. We should, however, be aware that we lose
information about w-forcing due to deformation
and also by the ageostrophic motion, which may
be important for strongly curved flow. The
simplified omega-equation is,

Fo _ dv o2
o =f e V(f+{—-V*H, n

where H is the contribution from diabatic effects
and { is relative vorticity; S is static stability.
Fig. 7 shows contours of the mean temperature
in the layer between 700 and 925 hPa together
with relative vorticity at 850 hPa. The thermal
wind (Ov/dz) is parallel to the temperature con-
tours with the coldest air to the left. From (1), one
would expect ascending motion (@ < 0) in regions
where the right-hand side is positive. We there-
fore have the following qualitative result: ascend-

ViSw+f?

ing motion is found in regions where the thermal
wind blows from high to low vorticity. The
strength of the w-forcing depends on the areal
density of intersections between contours of tem-
perature and vorticity, i.e., inversely proportional
to the size of the solenoids formed by the
intersections of adjacent pairs of temperature and
vorticity. In regions of strong vertical velocity,
one would expect vortex stretching and intensifi-
cation. From Fig. 7a, we see that there is strong
w-forcing due to vorticity advection with the
thermal wind in the initial stage of the develop-
ment. Only 6 h later, however, this forcing is
missing (Fig. 7b). Table 2 shows the life cycle of
the low from 0600 GMT 25 January 1987 to
1800 GMT 26 January 1987. The last column is
computed as the number of intersection points
between contours of mean temperature between

Tellus 42A (1990), 1
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Fig. 3. Satellite picture (NOAA 10, infrared) valid at 0830 GMT 26 January 1987.

Table 2. The life cycle of the low of 1987

Sea level Sea level
Verification pressure pressure Maximum Surface Omega-
time analysis 6 h-prognosis omega vorticity forcing
day/h (hPa) (hPa) (hPa/s-10%) (s1-10%)
25/0600 — - -1.0 — —
25/1200 — — —-1.4 2.0 12/4 ~3
25/1800 1005 1006 —1.8 3.5 14/6 ~2.5
26/0000 1003 1003 —-2.2 4.5 26/13~2
26/0600 995 999 -1.2 3.5 3/3 ~1
26/1200 (997) 994 -1.6 3.0 5/9 ~0.5
26/1800 990 993 -1.0 pX] —

Tellus 42A (1990), 1
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Fig. 4. Surface analysis for northern Europe for 1200 GMT 25 January 1988. (Europdische Wetterbericht)

700 and 1000 hPa and relative vorticity at
850 hPa within the area of strongest upward
vertical velocity (w < —1-10-2 hPa/s) divided by
the number of grid points in the same area. It
measures the strength of the adiabatic forcing
term of the quasi-geostrophic omega equation.
The figures are taken from 6-h forecasts.

It is clearly seen that this forcing is largest
during the initial phase of the development,
indicating that the finite amplitude initial value
theory of Farrell (1985) is important.

3.2. The low of January 1988

From contours of 700 hPa geopotential heights
and mean sea level pressure, the polar low of 26
January 1988 resembles a common baroclinic
development (Fig. 8). We shall see, however, that
the low starts to deepen from a combination of

events. First of all, the low forms close to the ice-
edge. The low-level flow prior to and during the
intensification phase is shown in Fig. 9. At
1800 GMT 25 January 1988, there is a strong
baroclinic zone in connection with the ice-edge
north of Iceland, shown as tight contours of
equivalent potential temperature in Fig. 9a.
Along this ice-bounded front, there is a low-level
jet advecting warm air northwards. The jet is
associated with a weak high and is nearly
geostrophic. South of 70°N, there is strong shear-
ing deformation, while a cold air outbreak is
dominant in the northern part of the domain. The
ageostrophic transverse frontal circulation (Fig.
10a), taken along cross-section AA’ in Fig. 9, is
consistent with the forcing as described by the
Eliassen-Sawyer equation (Eliassen, 1962). We
notice that the circulation is shallow and that

Tellus 42A (1990), 1
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Fig. 5. Satellite picture (NOAA 10, infrared) valid at 0945 GMT 26 January 1988.

there is strong frontogenesis at low levels (Fig.
10a). 6 h later at 0000 GMT 26 January 1988, the
circulation is stronger and deeper (Fig. 10b), the
jet has brought warm, moist air further north and
a strong cyclonic circulation has formed (Fig. 9b).
As for the 87-low (Subsection 3.1), the intensifi-
cation may be explained by traditional quasi-
geostrophic theory. There is strong vorticity
advection with the thermal wind around 700 hPa
(Fig. 11) explaining the deeper and stronger
circulation. Hence, there is vorticity creation
from vortex stretching. In the early stages of the
development, a cold air outbreak dominates the
northern part of the domain (Fig. 9). Due to the
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induced cyclonic circulation from the approach-
ing upper-level vorticity maximum, confluent de-
formation is created north of the circulation
centre with strong frontogenesis. From this time,
0000 GMT 26 January 1988, the low intensifies
rapidly and the strongest vertical velocity is
actually found in connection with this newly
formed front. A cross section (Fig. 12), along BB’
in Fig. 9c, shows the strong circulation around
the cyclone centre, but also that the warm jet is
elevated due to upgliding along the front and a
contribution from the ageostorphic circulation.
Note that the vertical velocity which is used to
plot Figs. 10 and 12 is taken from the model run,
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Fig. 6. Mean sea level pressure at contour intervals of 5 hPa (solid lines) and 500 hPa heights at intervals of 8 dam
(dotted lines). (a) Initialized analysis of 0000 GMT 25 January 1987. (b) 12-h forecast valid at 1200 GMT 25
January 1987. (c) 24-h forecast valid at 0000 GMT 26 January 1987. Stippled lines signify 1012.5 hPa.
(d) Initialized analysis 0000 GMT 26 January 1987. Stippled lines signify 1012.5, 1007.5 and 1002.5 hPa (the centre

of the low).

while the ageostrophic wind is computed as the
ageostrophic wind in the cross-section plane. The
circulation is therefore somewhat misleading
when the real ageostrophic motion is not con-

fined to the chosen cross-section. The jet brings
warm and moist air into the centre of the low,
destabilizing the model atmosphere. Uccellini
and Johnson (1979) showed an example where a

Tellus 42A (1990), 1
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Fig. 7. 850 hPa relative vorticity at contour intervals of 10~*s~! (solid lines) and mean temperature in the layer
between 700 and 925 hPa at contour intervals of 2 K (dotted lines). (a) 6-h forecast from 1800 GMT 25 January

1987; (b) 6-h forecast from 0000 GMT 26 January 1987.

N

Fig. 8. Forecast from 0000 GMT 26 January 1988 of mean sea level pressure at contour intervals of 2.5 hPa (solid
lines) and geopotential height of 700 hPa at intervals of 2 dam. (a) 6-h forecast; (b) 18-h forecast.

Tellus 42A (1990), 1
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Fig. 9. Potenual temperature in lowest model layer
(~40 m above surface) at contour intervals of 2K
(dotted lines) and winds in lowest model layer (every
2nd gridpoint plotted). Full barb =5 m/s, half barb
= 2.5 m/s. (a) 6-h forecast from 1200 GMT 25 January
1988; (b) 6-h forecast from 1800 GMT 25 January 1988;
(¢c) 6-h forecast from 0000 GMT 26 January 1988.
. Heavy lines are cross-sections for Fig. 10 (AA”) and Fig.
12 (BB").
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low-level jet brings moist warm air and initiates a
severe convective system. For the present case, a
considerable amount of the predicted precipi-
tation comes from the convective parameter-
ization of the model.

For this case as well as the first case, the initial
development phase is clearly described by
baroclinic theory. For both cases, the lows inten-
sify as upper level vorticity maxima approach
low-level baroclinic zones, as in the B-type
cyclones of Pettersen et al. (1962).

4. The maintenance and mature phases

4.1. The low of January 1987

From Table 1, we notice that the magnitude of
the omega-forcing term decreases with time while
the vertical velocity remains strong, indicating
the differential heating gradually takes over as
the main forcing term. It should be stressed that
this partition is not unique. In curved flow, the
geostrophic wind deviates significantly from the
rotational wind so that the ageostrophic wind
may have a rotational component. It should
also be mentioned that diabatic effects may
eventually alter the flow, giving rise to adiabatic
forcing.

Tellus 42A (1990), 1



DIAGNOSTIC STUDY OF THE DEVELOPMENT AND MAINTENANCE MECHANISM OF TWO POLAR LOWS 103

250‘[a
300+

400-

SOOj

Pressure {(hPa)

850
925

1000-%
A

250
300

400+

500+

Pressure (hPa)

Fig. 10. Cross-section AA’ (Fig. 9) showing normal wind component, positive into paper, at contour intervals of
2.5 m/s and ageostrophic circulation in the x—p plane. The length of the arrows corresponds to a 3-h trajectory for a
fixed wind speed and direction. The horizontal distance between the starting point of each arrow is 50 km. (a) 6-h
forecast from 1200 GMT 25 January 1988; (b) 6-h forecast from 1800 GMT 25 January 1988.

The maximum vorticity decreases while the
low deepens, showing that the scale of the
low increases. During the fastest growth
(dp,/dt ~ —1 hPa/h), we find strong precipitation
(~ 1 mm/h). From the precipitation rate and the
temperature difference between 500 hPa and the
surface, we have estimated latent heating and
adiabatic cooling from vertical advection of tem-
perature. We find that these terms are approxi-
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mately balanced, which is consistent with the
conservative property of moist entrophy.

The possiblity for air-sea interaction insta-
bility (Emanuel, 1986; Emanuel and Rotunno,
1989) has been investigated. The theory views
this kind of a cyclone as a Carnot engine so that
heat acquired by surface fluxes balances fric-
tional dissipation in the boundary layer and in
the outflow. In the steady state limit, the theory
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Fig. 11. 700 hPa relative vorticity at contour intervals
of 5-10~3s~! (solid lines), mean temperature in the
layer between 500 and 925 hPa at contour intervals of
1 K (dotted lines) and some contours of vertical velocity
at model level 6 (= 650 hPa) at intervals of 10-3 hPa/s
(dashed lines). Ascending area in connection with the
vorticity maximum (see text) is shaded. Valid at
0000 GMT 26 January 1988.
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predicts the central pressure for a cyclone main-
tained entirely by surface fluxes. The central
pressure may be estimated from (Emanuel and
Rotunno, 1989),

@

where x = p_/p, is the ratio of central pressure to
ambient pressure, and

)
p.\1—¢ R, T,/
b=u(_8~f£>_&<_ﬁ_ L, ) (5)
T, 1-¢R) p,\1—¢R,T.)
Taking e, = 6.11 hPa, p, = 1005 hPa, T, =273 K,

T,=268K, e,=4.21 hPa and T,,=238K, we
get the thermodynamic efficiency,

e= (T, — T,y,)/ T, =0.128,

and p, = 990 hPa. These numbers are taken from
a 6-h forecast from 0000 GMT 26 January. The
forecast surface pressure at this time is 994 hPa
and drops to 990 hPa 6 h later.

Strictly speaking, the theory is valid for
axisymmetric cyclones only. The low studied here
does not satisfy this criterion. It is particularly
difficult to find a unique outflow temperature.
We have defined the outflow temperature T, as
the mean temperature at levels of maximum
divergence (i.e., outflow) around the low. (In
subsidence areas, this means surface tempera-

x =exp(—a/x—b),

@

Pressure (hPa)

Fig. 12. Same as Fig. 10, but cross-section BB’ in Fig. 9 and 6-h forecast from 0000 GMT 26 January 1988.
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ture). Air-sea interaction instability theory
requires a finite amplitude precursor. If the
theory is applicable to this low, baroclinic insta-
bility release from the approaching upper level
wave seems to play the role of a precursor.

The low rapidly dissipates after making land-
fall, supporting the air-sea interaction instability
theory, or at least showing that the warm sea is a
necessary condition for the maintenance of the
low.

4.2. The low of January 1988

This low shows no signs of a further growth
after the initial baroclinic development phase. It
reaches maximum intensity at 0600 GMT 26
January 1988 (Fig. 8a). 12 h later, the sea level
pressure low and the upper level trough are in
phase (Fig. 8b), and from now on, the low
quickly dissipates as it becomes suppressed by a
synoptic scale flow regime.

5. The role of the underlying surface

5.1. The low of January 1987

Fig. 13 shows surface air trajectories ending in
the vicinity of the low at 1200 GMT 26 January
1987 and surface pressure. The area of predicted
precipitation (accumulated in 2 h) is shaded. The
trajectories are divided into 3 main groups. The
northern group ends close to the centre of the low
where there is mainly subsidence. The 2 other
groups come from the east and feed the
updraughts. The southernmost of these passes a
long distance over the open sea, while the other
passes over the ice a part of the time. At
1200 GMT 25 January 1987, the equivalent
potential temperature at the starting point of the
southern group of trajectories is approximately
260 K. One day later, when the same air enters
the inner regions of the cyclone, the equivalent
potential temperature is 280K, showing a
“heating” rate close to 1 K/h. A necessary con-
dition for the air—sea interaction instability
theory of Emanuel (1986) is that air parcels
acquire heat from the underlying surface as they
spiral towards the cyclone centre.

This study indicates that the low formed as an
upper level trough approached a low-level
vorticity maximum created by a trough of warm
air west of Spitzbergen. A similar tongue of warm
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Fig. 13. Mean sea level pressure at contour intervals of
2.5 hPa (solid lines) and 24-h surface wind trajectories
ending at 1200 GMT 26 January 1987, based on
initialized analyses and short-range forecast winds
(+2 and +4h) from the lowest model layer (x40 m)
with temporal resolution 2 h. Shaded area signifies 2-h
accumulated precipitation at the end of the period.

air was found in several of the cases studied
numerically by Grends et al. (1987) and in one of
the cases studied by Nordeng (1987) and is
probably connected to a branch of the Gulf
Stream which heads northwards along the
western coast of Spitzbergen. The warm sea
creates a wedge-shaped ice-free region which
extends almost to 80°N all year round. The air is
heated from the underlying warm sea. Consistent
with this, there is surface pressure drop and
vorticity creation. In addition to this process,
which makes the area sensitive to baroclinic
developments, the relatively warm water is
favourable for initiation of convection. We
believe that this may explain why there is a
maximum of polar low developments in this area,
as shown by Lystad (1986).

5.2. The low of January 1988

The importance of a correct description of the
underlying surface is also demonstrated for this
low. The low intensifies as an upper-level wave
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crosses Greenland and interacts with a low-level
baroclinic zone created by the fixed ice-edge
(“fixed” means relative to the time-scale of the
atmospheric disturbances). The low develops its
own fronts, seen as gradients of equivalent poten-
tial temperature in Fig. 14, while the ice-edge
bound front regenerates. The fronts in Fig. 14 are
drawn subjectively from the equivalent potential
temperature contours.

The low dissipates quickly after the baroclinic
phase. One reason may be an approaching polar
front cyclone suppressing further development.
The low has, however, no potential for growth
beyond the intensity of 0600 GMT 26 January
1988 as described by the air-sea interaction
theory. Introducing appropriate numbers for T,
T., p, etc.) from 0600 GMT 26 January 1988 into
eqs. 2-5 (T,=209K, T,,=242K, T,=267K,
p. = 1010 hPa) gives p, = 1003.6 hPa. The surface
trajectories (in Fig. 15) ending up in the area of

0
i

Fig. 14. Mean sea level pressure at contour intervals of
2.5 hPa (solid lines) and equivalent potential tempera-
ture from lowest model layer at contour intervals of 3K
(dotted lines). 12-h forecast from 0000 GMT 26 January
1988. The fronts are drawn subjectively from the 6,
lines.
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strongest updraught (those from the north) have
mainly passed the ice-covered sea and have
picked up very little energy from the underlying
surface.

5.3. Predictability

This study has some relevance for the
predictability of the mesoscales. In fact, both
lows were forecast with the model system from
more than one day ahead, and both lows develop
as upper-level troughs interact with “stationary”
low-level baroclinic zones. It is of course
impossible to draw a general conclusion from two
cases, but if this is a typical development pattern
for polar lows, it means that the task of forecast-
ing polar lows is possible. The forecasting
problem is reduced to forecasting the upper level
vorticity maxima correctly, since the low-level
baroclinic zones are so strongly related to fixed
surface features. Fortunately, the upper-level dis-

B! 1005

1015

0

WA

T

Fig. 15. Same as Fig. 13, but 30-h trajectories ending at
0600 GMT 26 January 1988 based on initialized analy-
ses of winds of temporal resolution 6 h. Shaded area
signifies 3-h accumulated precipitation at the end of the
period.
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turbances often have a larger scale than the polar
lows and may therefore be recognized and
analysed. With the present schemes for para-
meterization of convection, we may not be able to
simulate the very intense hurricane-like phase
(Nordeng et al., 1989), possibly driven by air-sea
interaction instability, but we have at least a
chance to forecast (and therefore detect) the
initial baroclinic phase of the lows.

6. Summary

The development and maintenance mechan-
isms of polar lows have been addressed by case
studies of two polar lows from the Norwegian
Sea. The lows develop through a series of events,
but the main triggering mechanism for both cases
is approaching upper level troughs or vorticity
maxima. The low-level baroclinic zones which
interact with the upper-level disturbances are
created by the “fixed” surface forcing, i.e., sea
surface temperature anomaly and ice-edge.

The air-sea interaction theory of Emanuel
(1986) and Emanuel and Rotunno (1989) de-

scribes how cyclones may be maintained and
grow entirely through energy acquired from the
sea. Applying this theory on the two lows studied
here may explain why one of the lows continues
to grow when there is no more potential energy to
convert to kinetic energy by baroclinic processes.
In addition, the theory correctly shows that there
is no potential for further growth of the second
low.

Finally, the predictability task for these
mesoscale cyclones is discussed in the light of the
results from this study, and we end up with the
somewhat speculative conclusion that (some)
polar lows seem to be predictable, because it is
the action of a (predictable) upper-level forcing
on a fixed-surface feature that triggers their
development.
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