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Abstract Polar lows are intense mesoscale cyclones that mainly occur over the sea in polar
regions. Owing to their small spatial scale of a diameter less than 1000 km, simulating polar
lows is a challenging task. At King Sejong station in West Antartica, polar lows are often
observed. Despite the recent significant climatic changes observed over West Antarctica, ade-
quate validation of regional simulations of extreme weather events such as polar lows are rare
for this region. To address this gap, simulation results from a recent version of the Polar
Weather Research and Forecasting model (Polar WRF) covering Antartic Peninsula at a high
horizontal resolution of 3 km are validated against near-surface meteorological observations.
We selected a case of high wind speed event on 7 January 2013 recorded at Automatic Meteo-
rological Observation Station (AMOS) in King Sejong station, Antarctica. It is revealed by in
situ observations, numerical weather prediction, and reanalysis fields that the synoptic and
mesoscale environment of the strong wind event was due to the passage of a strong mesoscale
polar low of center pressure 950 hPa. Verifying model results from 3 km grid resolution simu-
lation against AMOS observation showed that high skill in simulating wind speed and surface
pressure with a bias of —=1.1 m s™' and —1.2 hPa, respectively. Our evaluation suggests that the
Polar WRF can be used as a useful dynamic downscaling tool for the simulation of Antartic
weather systems and the near-surface meteorological instruments installed in King Sejong sta-
tion can provide invaluable data for polar low studies over West Antartica.
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Fig. 1. Location of King Sejong station in King George Island. The inner red boxes in a) and b) indicate King George Island
(further presented in b) and King Sejong station (further presented in c), respectively.
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Fig. 2. Daily climatology of wind speed at King Sejong station for 1994~2013. Dashed line represents 5th degree polynomial

fitting.
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Fig. 3. Frequency distribution of daily averaged 10 m wind speed and daily maximum instantaneous 10 m wind speed for the
period of 2005~2013.
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Fig. 4. Time series of a) hourly averaged 10m wind speed (m s™'; black line) and maximum wind speed (gray line), and b)
hourly averaged surface pressure (hPa) at AMOS station during 5~10 January 2013.
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Fig. 5. Sea-level pressure at 1800 UTC a) 5, b) 6, ¢) 7, and d) 8 January 2013 from ERA-Interim reanalysis. Countour inteval is
6 hPa. White star and triangle indicate center of the polar low and AMOS station at King Sejong station, repectively.
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(d03) domains, respectively.
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Table 1. Summary of model configuration.

A AT AR 283

Domain 1 Domain2  Domain 3
Horizontal grid 281 x 242 202 x220 187 x 205
Resoution 27 km 9 km 3 km
Vertical layers 44 Layers (model top: 10 hPa)
Geog data resolution 30s' 30’
Initial, lateral boundary . . . . . o o
condition ERA-Interim (6-hour intervals with a spatial resolution of 0.75° x 0.75°)
Time period 2013.01.05. 00 UTC~11 00 UTC
Integration 48 h forecast form global analysis (first 24 h used for model spin up)
Base state temperature 273.16 K
Relaxation zone 4 grid point (Default)
Table 2. Summary of parameterization schemes used for the simulation.
Domain 1 Domain 2 Domain 3
Microphysics WREF Single-Moment 5-class
Longwave rad. RRTMG shceme
Shortwave rad. RRTMG Shortwave
Land surface Noah Land Surface Model
Surface layer Monin-Obukhov
PBL Mellor Yamada-Janjic TKE
Cumulus Param. Grell-Devenyi ensemble x x
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Fig. 7. Sea-level pressure at a) 0000, b) 0600, c) 1200, and d) 1800 UTC 07 January 2013 in domain 1 (27 km resolution) from

Polar WRF simulation. Countour inteval is 10 hPa.
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