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Abstract
Development mechanisms of Antarctic mesocyclones in the eastern Weddell Sea area are examined by means
of simulations with a mesoscale model using different idealized initial conditions. In one of the experiments,
a mesocyclone develops over an area of open water close to the coast of the Antarctic continent. The forc-
ing mechanisms of this mesocyclogenesis are investigated by means of sensitivity studies in which certain
physical processes and the relevance of the surface conditions topography, sea surface temperature and sea
ice coverage are examined. The sensitivity experiments show that the simulated mesocyclone is forced by an
interaction of several forcing mechanisms at different stages of the development rather than by a single mech-
anism. The topography of the eastern Weddell Sea region and the summertime coastal polynia are shown to
be of great importance for the mesocyclogenesis. A suitable synoptic-scale � ow is necessary to support the
katabatic � ow over the sloped ice sheet, and to enhance the generation of cyclonic vorticity due to vertical
stretching for the initial mesocyclogenesis. The diabatic process of the convergence of the sensible and latent
heat � uxes in the boundary layer over the coastal polynia then becomes the dominant forcing mechanism for
the further development of the mesocyclone.

Zusammenfassung
Zur Untersuchung der Entstehungsmechanismen antarktischer Mesozyklonen in der östlichen Weddell-
meerregion werden Simulationen mit einem mesoskaligen numerischen Modell unter Verwendung ver-
schiedener idealisierter Anfangsbedingungen durchgeführt. In einem der Experimente entwickelt sich
eine Mesozyklone über dem offenen Wasser nahe der Küste des antarktischen Kontinents. Die Sensi-
tivität dieser Mesozyklogenese bezüglich unterschiedlicher physikalischer Prozesse, der Topographie, der
Wasserober� ächentemperatur und der Meereisbedeckung werden untersucht. Diese Studien zeigen, daß die
simulierte Mesozyklone nicht durch einen einzigen Antriebsmechanismus, sondern durch eine Wechsel-
wirkung mehrerer Mechanismen während verschiedener Entwicklungsstadien forciert wird. Die Topographie
der östlichen Weddellmeerregion und die sommerliche küstennahe Polynia sind von entscheidender Bedeu-
tung für die Mesozyklogenese. Eine geeignete synoptischskalige Strömung ist notwendig, um die katabati-
sche Strömung über den geneigten Eis� ächen zu unterstützen und um die Produktion zyklonaler Vorticity
durch vertikale Streckung für die Initiierung der Mesozyklogenese zu verstärken. Die weitere Entwicklung
der Mesozyklone wird entscheidend durch die diabatischen Prozesse der Konvergenz des fühlbaren und la-
tenten Wärme� usses in der Grenzschicht über der küstennahen Polynia bestimmt.

1 Introduction

The eastern Weddell Sea region (EWSR, see Figure 1)
is a part of Antarctica, where mesocyclones (MCs) oc-
cur frequently (HEINEMANN, 1990). Figure 2 displays
an example of a MC close to the coast of the EWSR
on 9 February 1987 (centre at 72 S, 20 W). The typ-
ical diameter of these summertime coastal MCs is be-
tween 100 and 400 km, and lifetimes are less than 24 h
in general. A preferred region of mesocyclogenesis is
the ice-free coastal polynia near the eastern coast of the
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Weddell Sea during the Antarctic summer. A strong tem-
perature contrast between the sea surface temperature
(SST) and the lower atmosphere is present in that re-
gion, if cold air originating from the ice slopes of the
Antarctic continent is transported over the coastal poly-
nia (associated with strong surface � uxes of sensible
and latent heat). Synoptic-scale low pressure systems lo-
cated in the northeastern part of the EWSR are typical
for coastal MC developments and support cold air ad-
vection from the continent. Furthermore, these synop-
tic conditions can interact with the local katabatic winds
along the eastern coast, leading to an intensi� cation of
the transport of cold air over the polynia. Besides the
generation of low-level baroclinicity associated with the
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c Gebrüder Borntraeger, Berlin, Stuttgart 2001



114 Th. Klein and G. Heinemann: Mesocyclones in the eastern Weddell Sea Meteorol. Z., 10, 2001

Figure 1: Map of Antarctica comprising the model domain of the
LAM50 with topography (solid isolines every 500 m). The domain
of the LAM25 is framed by the larger box labelled “LAM25”. The
region referred to as the “eastern Weddell Sea region” is framed by
the smaller box labelled “EWSR”. SST (isolinesevery 2 C, dashed)
and sea ice coverage (the sea ice edge is indicated by the thick
dashed line) are de� ned according to 8 February 1990. The solid
thick line marks the coastline. Antarctic radiosonde stations are in-
dicated by black triangles.

advection of cold air over warm water, the case study of
ENGELS and HEINEMANN (1996) indicated that the ef-
fect of vertical stretching of the synoptically supported
down� ow along the eastern coast of the Weddell Sea can
lead to a signi� cant production of cyclonic vorticity and
mesocyclogenesis.

In the present paper, results of idealized simulations
using the Norwegian limited area model (NORLAM)
are presented in order to clarify the role of possible
forcing mechanisms of MC developments in the EWSR
during Antarctic summer conditions. In contrast to pre-
vious similar studies, which use an atmosphere at rest
or very simple upper level � ows as initial conditions
(HEINEMANN, 1997; GALLÉE and SCHAYES, 1994;
GALLÉE, 1995, 1996) this study introduces geostroph-
ically balanced, three-dimensional synoptic-scale cy-
clones as large-scale forcings. In a � rst step, different
idealized initial atmospheric conditions and their impor-
tance for mesocyclogenesis are examined. A second step
comprises different sensitivity studies to investigate the
relevance of individual physical processes and regional
characteristics for MC developments.

2 The numerical model and the design of
the studies

The limited area model (LAM) used for the experiments
is the former operational model NORLAM (version 9)
of the Norwegian Meteorological Institute (DNMI) at
Oslo. A detailed description of the model can be found

Table 1: Basic characteristics of the numerical model NORLAM
used for the simulations.

grid Modi� ed ARAKAWA D
(GRØN ÊAS and HELLEVIK,
1982)

vertical coordinate s-type
vertical levels 30 s levels
equations of motion primitive, hydrostatic
initialization iterative normal mode

(BRATSETH, 1982)
boundary layer LOUIS (1979),

BLACKADAR (1979)
surface layer, radiation NORDENG (1986)
convection scheme modi� ed KUO scheme
surface categories water, sea ice, ice

Table 2: List of the datasets used for the numerical simulations.

initial data LAM50: analytical;
LAM25: 6 h prognosis
of LAM50

boundary data LAM50: constant;
LAM25: LAM50 prognoses

topography US Navy dataset,
1/6 resolution

sea ice coverage SSM/I-derived
SST ECMWF, modi� ed by

Polarstern measurements,
lower limit of –1 C

surface types open water [max(1 5 10 5m,
CHARNOCK relation)]

(roughness length zo) sea ice (10 2m),
ice sheet (10 4m)

in GRØN ÊAS and HELLEVIK (1982), while information
on the model’s physics and on parameterization schemes
is contained in NORDENG (1986). A summary of the
main model characteristics is listed in Table 1.

For the studies of the present paper, a nesting mode is
used. A � rst run using a grid spacing of 50 km (LAM50)
is performed with analytic � elds as initial conditions and
constant boundaries. A second integration with a 25 km
grid (LAM25) is then nested in the LAM50 results using
the LAM50 6 h prognosis as initial � elds. The model
domain consists of 121 97 grid points, while a vertical
resolution of 30 s levels is used with about half of the
levels located below 850 hPa.

The model domain of the LAM50, which is used for
all simulations presented in this paper, is displayed in
Figure 1. The domain of the inner grid LAM25 is in-
dicated by the rectangle and comprises a part of the
Antarctic Peninsula and the complete Weddell Sea re-
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Figure 2: Satellite image [AVHRR data, channel 2, albedo (%), NOAA 9] for 1828 UTC, 9 February 1987.

gion. For all experiments except explicitly noted, the
SST and the sea-ice distribution are de� ned according
to a MC case of 8 February 1990, which is described in
detail in HEINEMANN (1996) and ENGELS and HEINE-
MANN (1996). Table 2 contains a summary of the data
used for the simulations.

Several idealized initial atmospheric states are inves-
tigated in the simulations (Table 3). The simplest ini-
tial state used is an atmosphere at rest, which is ini-
tially barotropic. The structure of the initial � elds in
the following numerical experiments is then modi� ed by
adding an idealized synoptic cyclone and by using dif-
ferent vertical pro� les of the initial temperatures (Sec-
tion 3). A further sophistication of the initial � elds to
more realistic atmospheric conditions is then achieved
by superimposing a meridional temperature gradient
variing with height. In the latter study, a MC devel-
ops over the coastal polynia of the EWSR. The forc-
ing mechanisms of this MC are further investigated us-
ing sensitivity studies, in which individual physical pro-
cesses are switched off in the model or external param-
eters like topography, SST or sea ice cover are modi� ed
(Section 4). A list of the sensitivity studies is given in
Table 4.

3 Simulations with different idealized
initial states

3.1 Atmosphere at rest
For the � rst experiment an atmosphere at rest (ATRE in
Table 3) is used as initial conditions. Potential tempera-
ture and relative humidity are assumed to be horizontally
homogeneous at the initial state while varying vertically
according to the pro� les in Figure 3 (“warm” pro� le).
The main results are similar to HEINEMANN (1997). A
well-developed katabatic wind system is present over
the slopes after 30 h LAM25 simulation. Maximum
wind speeds with values of up to 13 m/s occur in the val-
leys where the topographical structure leads to a chan-
neling of the down� ow.

While HEINEMANN (1997) � nds MC developments
at the baroclinic zone near the coast after about 2 days
of integration, in the present study only shorter integra-
tion times up to 36 hours are considered, since these
are more realistic spin-up times of MCs. During these
36 h, no MC developments occur in the ATRE study,
but relatively strong � uxes of sensible (H) and latent
(E) heat with values up to 100 W/m2 and 50 W/m2, re-
spectively, and horizontal temperature gradients of up to
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Table 3: List of the simulations with different idealized forcings.

Simulation Initial state Result

ATRE barotropic, atmosphere at rest cyclonic vorticity over slopes, no MC
CYCWbt barotropic, idealized cyclone � ow over polynia, no MC
CYCCbt same as CYCWbt, but 8 K colder cyclonic vorticity over polynia
CYCC meridional gradient, idealized cyclone MC over polynia
CYCW same as CYCC, but 10 K warmer no MC
NOCYCC meridional gradient, no idealized cyclone no MC
CYCC2 same as CYCC, but idealized cyclone no MC

positioned 1500 km westward

Figure 3: Initial vertical pro� les of potential temperature (K) used
for the simulations ATRE, CYCWbt (warm) and CYCCbt (cold)
and relative humidity (%) used for all the simulations.

12K/100 km at a height of 2 m re� ect the large near-
surface baroclinicity in the coastal region. The large val-
ues of the surface � uxes are strongly coupled to the ar-
eas of high wind speeds at the bottom of the coastal
slopes. Although the differences in surface temperature
are also large at the sea ice edge at the western part of
the polynia, the surface � uxes are only small because of
the missing near-surface winds.

3.2 Barotropic synoptic cyclone (warm)

In the second experiment (CYCWbt in Table 3), an ide-
alized synoptic-scale cyclone is prescribed in the initial
� elds. The mathematical structure of the geopotential
anomaly associated with the synoptic cyclone is based
on an analytical model of SANDERS (1971). The hor-
izontal distribution of the geopotential at 1000 hPa is
given by

Figure 4: Wind vectors after 6+30 h at the lowest s level (located
at about 30 m above ground) and topography (isolines every 500 m)
for the LAM25 simulation CYCWbt. The thick full line marks the
coastline; the thick dashed line indicates the sea ice edge.

F x y 1000 hPa F0 DF 1 cos
2pDx

D

1 cos
2pDy

D
(3.1)

f or Dx D 2 Dy D 2
F x y 1000 hPa F0 1000 hPa

everywhere else

where F denotes the geopotential and F0 1000 hPa a
constant offset, which is set to zero. For the variation of
the geopotential DF a value of 200 m2 s2 is assumed.
Dx and Dy denote the horizontal distances from the cen-
tre of the anomaly in model coordinates. D is the diam-
eter of the anomaly and is set to 3000 km. The structure
of the synoptic cyclone is constant with height, although
the value of F0 p varies with height according to the
hydrostatic relation. The initial � elds of temperature and
relative humidity used in this study are the same as in the
experiment ATRE.

Figure 4 shows the LAM25 wind � eld at the low-
est s level after 6+30 h of integration (i.e. 30 hours of
integration of the LAM25 started with the 6 h prog-
nosis of the LAM50) for a subarea of the EWSR (see
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Table 4: List of the sensitivity studies with either modi� cation of model physics or external parameters compared to the reference run
CYCC in Table 3.

Simulation Modi� cation compared to CYCC Result

CYCCncld no cloud physics weaker MC
CYCCn� x no diabatic heating due to divergence no MC

of latent and sensible heat � uxes
CYCCnth� x no diabatic heating due to divergence weaker MC

of sensible heat � ux
CYCCnq� x no diabatic heating due to divergence weaker MC

of latent heat � ux
CYCCnt no topography no MC, but troughs at sea ice-edge
CYCCt/2 half topography mesoscale troughs, weaker development
CYCCrv removed valley “BV” no signi� cant difference to CYCC
CYCC� completely ice-covered Weddell Sea no MC
CYCCcs constant SST of –1 C for the polynia weaker MC

Figure 5: Meridional cross-section through the model domain of
the LAM50 from the South Pole to about 52 S along 25 W (ex-
periment CYCC, initial state). Temperature (dashed, isolines every
5 C), topography (full line).

Figure 1). In contrast to the ATRE experiment, winds
of about 5 m/s are also present over the centre of the
coastal polynia, which are associated with the initialized
synoptic-scale cyclone. The maximum wind speeds over
the slopes are up to 4 m/s larger than in the simulation
ATRE. Although the down� ow from the slopes is inten-
si� ed by the synoptic cyclone, the � ow pattern over the
slopes is similar to the � ow pattern of the ATRE case
without synoptic forcing. That means that even with the
additional synoptic forcing, the basic structure of the
boundary layer � ow over the ice sheet is strongly deter-
mined by the structure of the topography. Already after
6 h of integration with the LAM25, a weak trough has
developed close to the coast over the open water area
(not shown).

An analysis of the vorticity budget equation for the
case CYCWbt (not shown) reveals that the production
of cyclonic vorticity due to the vertical stretching of
the down� ow is intensi� ed compared to the simulation
ATRE only during the � rst 6 h of the LAM50 integra-
tion. After that period of strong cyclonic vorticity gen-
eration, the horizontal advection, tilting and diffusion of
vorticity, lead to a production of anticyclonic vorticity.
This result indicates that an ampli� cation of the stretch-
ing effect only occurs during a relatively short period of
time. After that time, the wind � eld over the slopes has
adjusted, and the coastal trough has developed, leading
to a more geostrophic type of � ow at the bottom of the
slopes and to a reduction of the initially strong conver-
gence.

3.3 Barotropic synoptic cyclone (cold)

In order to examine the importance of the air-sea tem-
perature difference, the initial temperature pro� le for the
simulation CYCCbt (“cold” pro� le in Figure 3) is re-
duced by 8 K at every gridpoint compared to the sim-
ulation CYCWbt. After 6+30 h of integration, a belt of
low-level cyclonic vorticity is simulated over the open
water with an extreme value of about 2 5 10 4s 1 at
975 hPa (not shown). A strong shear is present in the
wind � eld in that area, but no closed circulation is simu-
lated. The surface � uxes have values of up to 200 W/m2

and 100 W/m2 for H and E, respectively. The � uxes are
about twice as large as the surface � uxes simulated in
the ATRE and CYCWbt cases, which is a result of the
stronger air-sea temperature contrast. The production of
cyclonic vorticity over the polynia is signi� cantly en-
hanced compared to the experiment CYCWbt, where the
vorticity over the open water did not reach values less
than 1 0 10 4s 1.
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3.4 Baroclinic synoptic cyclone (cold)

While for the previous experiments a horizontally ho-
mogeneous distribution of temperature was assumed, a
meridional variation of temperature is prescribed as ini-
tial condition for the following studies. The structure of
the temperature � eld (based on SANDERS, 1971) is de-
scribed by

T f p TPole p 1 a ln
1000 hPa

p
(3.2)

10 5 K
m

cos 2p
f

360
rPole f

rPole f is the distance (in m) of the considered grid
point to the South Pole in model coordinates, while
TPole p is a prescribed vertical pro� le of temperature
at the South Pole. p denotes the pressure (in hPa), and f
is the geographical latitude. For the constant a a value
of 0 85 was chosen. A cross-section of the temperature
distribution is shown in Figure 5. The initial state of tem-
perature yields relatively realistic conditions, which re-
semble typical climatological values for austral summer
(see PEIXOTO and OORT, 1992). Figure 6 shows the ini-
tial conditions of the experiment CYCC (in Table 3) at
975 hPa for the complete LAM50 domain. Like in the
simulations CYCWbt and CYCCbt, an initial southeast-
erly � ow over the polynia with maximum near surface
wind speeds of about 6 m/s is associated with the ideal-
ized cyclone. In the upper atmosphere at about 300 hPa,
a westerly jet with a maximum wind speed of 17 m/s is
present at about 55 S, which is in thermal wind balance
with the meridional temperature gradient. The baroclinic
structure of the initial atmosphere is also associated with
a pattern of warm/cold air advection at low levels. The
potential temperature at 975 hPa is about 260 K over the
area of ice-free water near the coast, where SST values
of about 273 K are prescribed. This air-sea temperature
difference represents conditions during a cold air out-
break over the eastern Weddell Sea.

In Figure 7 the wind vectors at the lowest s level are
shown for the simulation CYCC after 6+30 h of inte-
gration. A pronounced MC (“M1”) is simulated over the
open water. Already after 6 h of LAM50 simulation, a
maximum of cyclonic vorticity is present, which extends
over the polynia (full circle near “BV” in Figure 7). This
cyclonic anomaly intensi� es over the open water during
the following hours and moves westwards. After about
21 h, the track of the now fully developed MC turns to
the north (Figure 7). A spiraliform cloud pattern is sim-
ulated in the southern part of the MC, which shows a
closed circulation. Like in experiment CYCCbt, the sur-
face � uxes over the coastal polynia are large with values
of about 200 W/m2 and 100 W/m2 for H and E, respec-
tively. The winds associated with M1 exceed 12 m/s at
975 hPa (Figure 8), and a weak warm core can be ob-
served near the centre of M1. The geopotential height
anomaly of the MC is relatively weak, and the strongest

Figure 6: Initial distributionof potential temperature (isolinesevery
2 K, dashed), wind vectors (only every fourth vector plotted) and
geopotential height (solid isolines every 10 m) at 975 hPa for the
LAM50 domain for the experiment with idealized synoptic-scale
cyclone, meridional temperature gradient and relatively cold tem-
peratures (CYCC).

winds are found in the zone with strongest height gradi-
ents west of the centre. A tongue of warm air, resulting
from advection by the synoptic low and air-sea interac-
tion, extends parallel to the coast.

The vertical structure of M1 can be seen from the
cross-section displayed in Figure 9 along the line A1–
A2 (marked in Figure 8). The cyclonic vorticity reaches
a maximum absolute value of almost 4 0 10 4s 1 near
ground decreasing with height due to the warm core of
M1 (Figure 9a). Up to a height of about 1000-1500 m
over the open water, the atmosphere is conditionally un-

Figure 7: Same as Figure 4, but for the experiment CYCC; regions
with a total cloud coverage larger than 95% are shaded. M1 in-
dicates the centre of the simulated MC. The rectangle marks the
part of the model domain that is shown in Figure 8 in more detail.
The circles (� lled=3-hourly positions, open=1-hourly positions) in-
dicate the track of M1 (de� ned by maximums of cyclonic vorticity
at 975 hPa), beginning with the full circle near the valley “BV”.
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stable, which can be seen from the distribution of the
equivalent potential temperature in Figure 9a. In the re-
gion of ascent west of the centre of M1 (Figure 9b) there
is a large cloud band of about 1000 m thickness that is
part of the spiraliform cloud structure in Figure 7. East
of the centre at a height of 2500 m, a wind maximum of
7 m/s is simulated, which belongs to an anticyclonic cir-
culation at that height, while wind speeds exceed 12 m/s
below the cloud band in the western part of M1. In sum-
mary, the MC simulated in the CYCC experiment has a
diameter of 150–200 km, a vertical extent of about 2km,
and wind speeds of 10–12 m/s in the lowest 1 km. These
simulated structures are similar to observations of sum-
mertime MCs in this area (HEINEMANN, 1996).

3.5 Baroclinic synoptic cyclone (warm)

In a further experiment (CYCW in Table 3), the tem-
perature of the initial baroclinic atmosphere is increased
by 10 K, leading to small air-sea temperature differences
(similar to those of the CYCWbt experiment), represent-
ing a more common atmospheric state during Antarc-
tic summer than the cold air outbreak situation CYCC.
The surface � uxes of sensible and latent heat over the
polynia are much lower than in CYCC and amount only
about half of the values simulated in CYCC. No MC de-
velops, which indicates that the low temperature of the
near-surface air and a conditionally unstable strati� ca-
tion are an important precondition for the genesis of the
MC in CYCC.

3.6 Meridional temperature gradient, no
synoptic cyclone

In a simulation with a meridional temperature gradient
identical to that used in CYCC but without the syn-

Figure 8: Wind vectors after 6+30 h at 975 hPa and geopotential
height (solid isolines every 5 m) for the simulation CYCC. The po-
tential temperature is indicated by the dashed isolines (every 1 K)
and by the shading of values larger than 267 K (light, medium-dark
and dark shading correspond to the intervals267–268 K, 268–269 K
and 269–270 K, respectively). The black line indicates the position
of the cross-sectionA1–A2 shown in Figure 9. M1 marks the centre
of the simulated MC.

optic cyclone at low levels, i.e. only a zonal wind at
higher levels (NOCYCC in Table 3), no MC develops.
As expected, the initial temperature distribution (par-
ticularly convective conditions over the polynia) alone
does not lead to mesocyclogenesis. The synoptic-scale
low is necessary to intensify the katabatic winds over
the slopes and to provide a transport of cold air over
the open water. Furthermore, the associated near-surface
winds in CYCC lead to a larger transfer of energy from
the warm water into the atmosphere.

Figure 9: a) Cross-sectionA1–A2 after 6+30 h (simulationCYCC):
Equivalent potential temperature (isolines every 1 K, dashed with
long dashes) and relativevorticity(isolinesevery 0 5 10 4s 1, pos-
itive values dashed with short dashes, negative values represented
by solid lines).
b) Cross-section A1–A2 after 6+30 h (simulation CYCC): Wind
vectors tangential and wind component normal to the cross-section
A1–A2 (isolines every 1 m/s, negative values are dashed and rep-
resent winds directed out of the plane). Regions with a relative hu-
midity larger than 90 % are shaded.
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3.7 Baroclinic synoptic cyclone located
1500 km west

A second typical synoptic scenario for the Weddell
Sea region is sketched in this study (CYCC2). Com-
pared to the control run CYCC, the synoptic low is lo-
cated 1500 km west (near the Antarctic Peninsula, see
Figure 6). This leads to weak northerly to northeast-
erly winds over the coastal polynia of the EWSR (not
shown). In contrast to CYCC, the katabatic wind sys-
tem of the EWSR is not supported by the synoptic cy-
clone in CYCC2. No deeper atmospheric layer of vor-
tex stretching exists, and the cold air transport over the
coastal polynia is comparably weak. No MC develops in
the run CYCC2.

4 Sensitivity/process studies

The forcing mechanisms of the MC simulated in exper-
iment CYCC were investigated by a series of sensitivity
studies (Table 4). In order to examine the importance of
latent heat release by the model’s cloud physics, the run
CYCC was repeated with the NORLAM’s cloud physics
routine being switched off (run CYCCncld, in Table 4).
A weaker MC than in CYCC is simulated in this run,
which shows that the latent heat release by cloud physics
leads to an intensi� cation of M1 although it is not the
decisive reason for the development.

For the experiment CYCCn� x (Table 4), the diabatic
heating of the boundary layer due to the convergence
of the sensible and latent heat � uxes is excluded, i.e.
¶H ¶z 0 and ¶E ¶z 0. For the release of latent heat
this means, that condensation is allowed in the cloud
physics, but no moisture supply is provided by turbu-
lent � uxes in the boundary layer. No MC develops in
this experiment, which clearly indicates that the diabatic
heating over the coastal polynia due to the convergence
of the turbulent energy � uxes is of crucial importance
for the development of the MC in CYCC.

Two further process studies were carried out in which
¶H ¶z and ¶E ¶z were individually set to zero (CYCC-
nth� x and CYCCnq� x, respectively, in Table 4). The ex-
periment CYCCnq� x with ¶E ¶z 0 shows very sim-
ilar results as the experiment CYCCncld, i.e. a weaker
MC than in CYCC. It can therefore be concluded that
the latent heat released by the model’s cloud physics is
nearly completely provided by the convergence of the
latent heat � ux in the boundary layer. In the model run
CYCCnth� x with ¶H ¶z 0 the simulated MC is also
weaker than in CYCC. This shows that the combined
effect of both � ux divergences is important for the de-
velopment of the MC.

The Antarctic topography was set to zero in exper-
iment CYCCnt (Table 4). Figure 10 shows the wind
vectors and the geopotential height at 975 hPa for this
model run after 6+30 h. At the location, where M1 de-
veloped in the control run CYCC, only a weak small
trough can be seen. But in contrast to the experiment

Figure 10: Wind vectors and geopotential height (isolines every
5 m) at 975 hPa after 6+30 h for the LAM25-simulation CYCCnt.

CYCC, a mesoscale trough develops west of the sta-
tion Halley (marked by the triangle “Hal” in Figure 10)
in a bay of open water (75 S, 35 W), which is associ-
ated with the low-level baroclinicity along the ice edge.
All mesoscale troughs are signi� cantly weaker than M1
in CYCC. Since in the model run CYCCnt no conver-
gence occurs at the coast due to the absence of the con-
tinental slopes, one important precondition for coastal
MC events in the Weddell Sea area is missing. There-
fore, the baroclinicity at the ice edge becomes the dom-
inating mechanism for mesocyclogenesis. The results
of the study CYCCnt clearly indicate the importance
of the Antarctic topography for MC developments in
the EWSR. The convergence over the slopes and near
the coast due to synoptically supported katabatic winds
appears to be an important reason for the typical dis-
tribution of mesocyclones in the EWSR as described
in HEINEMANN (1990). The maximum of summertime
MCs is found in about that area, where the mesoscale
vortex in the experiment CYCC is simulated.

In experiment CYCCt/2, the topography is reduced
to half the topography used in CYCC. As a result of the
terrain modi� cation, weaker katabatic winds are present
over the slopes, and the transport of cold air over the
coastal polynia is reduced. A mesoscale trough being
signi� cantly weaker than M1 in CYCC is simulated over
the polynia about 300 km east of M1 as well as two
mesoscale troughs at the sea ice-edge like in CYCCnt.

The dependence of the genesis location of M1 on the
small-scale topography, particularly the small valley BV
(Figure 7), is investigated in the study CYCCrv, where
a smoother topography not containing the valley BV is
used. The absence of valley BV does not signi� cantly
affect the development cycle of M1, which suggests that
large-scale topographic structures and the synoptic en-
vironment are more important for the development than
individual small-scale terrain features.

The importance of the coastal polynia is also evident
from the results of the model run CYCC� (Table 4),
where the Weddell Sea is assumed to be completely
ice-covered, which is the only difference to the study
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CYCC. The results of this model run are comparable to
the results of the process study CYCCn� x (no turbulent
energy � ux divergences), and no MC develops in CYC-
C� .

The SST � eld used in all simulations (Figure 1) re-
veals relatively high values up to 2 C, and the question
arises about the importance of the SST for the mesocy-
clogenesis. In the model run CYCCcs (Table 4) the SST
was set to a constant value of –1 C in the polynia area.
A pronounced mesoscale trough is simulated over the
open water at about the position of the MC in CYCC.
Although the MC development in the study CYCCcs is
not as strong as in CYCC, this result clearly shows that
the actual SSTs do not necessarily have to be extraor-
dinary high in order to favour mesocyclogenesis in the
EWSR. It can therefore be concluded that the most im-
portant precondition is the existence of the coastal poly-
nia and that the surface energy � uxes over the polynia
are always strong enough to trigger MC developments.

The results of all studies performed suggest a certain
scheme to be typical for mesocyclogenesis in the EWSR
during austral summer conditions:

Stage 1

An important precondition for the initiation of a MC
development is the strong topography gradient near the
Antarctic coast, which gives rise to a pronounced kata-
batic wind system over the slopes. The vertical stretch-
ing of the katabatic � ow leads to the generation of initial
cyclonic vorticity. Secondly, cold air can be transported
by the katabatic � ow towards the coastal polynia. How-
ever, both effects are weak without a supporting syn-
optic � ow. A synoptic low located at the northeastern
part of the Weddell Sea area, which represents a rela-
tively frequent synoptic situation for MC developments
(HEINEMANN, 1990), appears to be a favourable setting
for the mesocyclogenesis in the simulations. The associ-
ated synoptic � ow south of the centre of such a low has
about the same direction as the katabatic wind system in
the EWSR. A synoptic low located like that can there-
fore help to provide vertical stretching over a deeper at-
mospheric layer. Additionally, the synoptic-scale � ow
prevents the katabatic cold air � ow from dissipating at
the bottom of the slopes, i.e. the cold air can be trans-
ported further over the open water.

Stage 2

For the second stage of the development, the existence
of the polynia close to the coast during austral summer
is a key factor. Assuming the case of a synoptically sup-
ported katabatic � ow as described above, diabatic pro-
cesses come into play. The air-sea temperature differ-
ences lead to a signi� cant convergence of the sensible
and latent heat � uxes, thus to a warming and moistening
of the boundary layer. As a result, a pronounced low-
level baroclinicity is created, and release of latent heat
occurs. The baroclinicity can also be further intensi� ed

by the synoptic environment, and also upper level forc-
ing according to the quasi-geostrophic theory can be im-
portant in individual cases. However, the crucial factor
at this second stage appears to be the heating and moist-
ening of the atmosphere over the polynia, which repre-
sents a semi-permanent characteristic of the EWSR dur-
ing austral summer.

5 Summary

A series of simulations with idealized atmospheric con-
ditions as initial � elds was performed in order to in-
vestigate possible forcing mechanisms for the formation
of MCs in the EWSR of Antarctica. In the experiment
CYCC with relatively cold initial temperatures in the
lower atmosphere over the coastal polynia, the devel-
opment of a MC is simulated. By means of sensitivity
studies it is shown that this mesocyclogenesis is a re-
sult of several different forcing mechanisms. The topog-
raphy of the EWSR appears to be important in preset-
ting the environment for mesocyclogenesis during pe-
riods of intense katabatic wind outbreaks. A synoptic-
scale cyclone with its centre located at the northeastern
part of the Weddell Sea appears to be suitable to pro-
vide a necessary support of the katabatic � ow over the
ice slopes of the EWSR, leading to an enhancement of
vertical stretching and cold air transport over the open
water. Without such additional synoptic-scale support,
the katabatic wind system is mostly con� ned to the area
of the slopes and dissipates relatively soon after reaching
the coastline.

Once the cold air has reached the open water, another
process takes over the leading part in the MC develop-
ment. The diabatic heating of the cold air over the open
water due to the convergence of the sensible and latent
heat � uxes plays a dominating role in the development
process of the simulated MC. The sum of the conver-
gences of both � uxes is shown to be of great relevance
rather than the convergence of either the sensible or the
latent heat � ux alone. Again, a synoptic support is of im-
portance, since it can provide near-surface wind speeds
being large enough to lead to an ef� cient air-sea energy
transfer. Latent heat release in clouds intensi� es the de-
velopment process, but depends on the amount of hu-
midity provided by the convergence of the latent heat
� ux in the boundary layer, i.e. the horizontal advection
of humidity seems to be of minor importance for the
examined idealized case. The importance of the surface
� uxes of sensible and latent heat can therefore be seen
in the heating of the boundary layer with subsequent re-
duction of the static stability, and the moisture supply
being necessary to enable suf� cient latent heat release.

The experiments performed for this paper show that
the main reason for the high frequency of summertime
MCs in the EWSR can be explained by the interaction
of the katabatic wind system with the coastal polynia,
provided that the synoptic-scale � ow supports the cold
air out� ow from the Antarctic ice slopes in that area.
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This mechanism can also be important for coastal meso-
cyclogenesis in other areas of Antarctica, e.g., the Ross
Sea area.
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