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1. Introduction 

Over the past decade, numerical weather 
prediction in polar latitudes has made significant 
progress.  This is in part due to the implementation 
of physical parameterizations that are well suited 
to polar phenomena.  The Polar MM5, for 
example, is a version of the Fifth Generation 
Pennsylvania State University / National Center for 
Atmospheric Research (NCAR) Mesoscale Model 
(MM5) which has been modified for use over 
extensive ice sheets (Bromwich et al. 2001; 
Cassano et al. 2001; Guo et al. 2002).  As a result 
of the May 2000 Antarctic Weather Forecasting 
Workshop the Antarctic Mesoscale Prediction 
System (AMPS), which employs the Polar MM5, 
was implemented in the 2000-2001 field season.  
AMPS is an experimental program which employs 
a suite of models run at NCAR and is dedicated to 
numerical weather prediction in Antarctica.  AMPS 
is run for 3 domains at various resolutions 
covering most of the Southern Hemisphere from 
40oS, with the finest grid focussing on the United 
States Antarctic Program’s base of operations at 
McMurdo Station.   

In the Antarctic, the importance of operational 
forecasting has become apparent in recent years.  
One reason is the effort to lengthen the field 
season, requiring flights in early spring and late 
autumn, when the entire continent is subject to 
extremely cold temperatures, strong winds, and 
low amounts of solar radiation.   In addition, there 
is the occasional need to perform emergency 
evacuations of injured or ill personnel. 

In late April 2001, a DeHaviland Twin Otter 
aircraft made an unprecedented late-season flight 
from Rothera to Amundsen-Scott South Pole 
Station (Fig. 1) in the evacuation of Dr. Ronald 
Shemenski, a medical doctor seriously ill with 
pancreatitis.   The operation was complicated by 
near 24-hour darkness over interior Antarctica and 
extreme cold temperatures at the South Pole – 
below the minus 55oC operating limits of the 
commonly used LC-130 military aircraft.  Frequent 
blowing snow conditions and the lack of a lighted 
runway or control tower made landing the aircraft 
at the South Pole a hazardous proposition.  
Throughout the operation, pilots called on weather 

forecasters in the Falkland Islands and McMurdo 
to predict weather conditions accurately for the 10-
hr flight.  Due to the sparse observational network, 
forecasters relied heavily on numerical weather 
prediction models to aid in their analyses.   

The performance of several of the numerical 
weather prediction models that aided 
meteorologists in forecasting weather throughout 
the operation were analyzed.  Specifically, there 
were 3 key forecast objectives: 
 
1. Predicting when the winds would subside at 

the Pole for flight in. 
2. If and when a low-pressure center near Marie 

Byrd Land would bring inclement weather to 
the Pole before the plane landed. 

3. If and when a low-pressure center in the 
Bellingshausen Sea would bring inclement 
weather to Rothera upon the return flight. 
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Fig. 1. Approximate flight path from Rothera to Pole,
superimposed on a satellite composite showing
conditions during the flight (courtesy, Antarctic
Meteorological Research Center). 
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Perhaps the most important of these was the need 
to accurately depict the winds at Pole, as the 
blowing snow poses the greatest danger to the 
pilots.  With this said, we compare the time series 
plots of modeled and observed wind speed at the 
South Pole.  Next, we look briefly at the statistical 
performance of the models for three surface 
variables averaged over several weather stations.  
Finally, we examine the influence of initial and 
boundary conditions by comparing the time series 
data at the South Pole for AMPS runs using two 
different input models.  In the near future the 
comprehensive results of this work, covering all of 
the forecast objectives (and in greater detail), will 
be submitted to a journal for publication. 
 
2. Models and Data 

Table 1 gives a summary of each model used 
in the study.  It is noteworthy that there are some 
models not included in the analysis.  We have 
tried to include the primary models used by the 
U.S. forecasters.  This excludes, for example, the 
United Kingdom Meteorological Office forecast 
model (UKMET).  Another version of the Polar 
MM5, which is run daily at BPRC (60-km 
resolution), is not included here as it would be 
somewhat redundant with AMPS.  In addition, 
archived data could not be obtained for one of the 
primary models used in aid of the U.S. forecasting 
effort - the Air Force Weather Agency’s standard 
version of the MM5.   

The models are compared against data from 
Automatic Weather Stations (AWSs) and manned 
weather stations (Halley and Rothera), all of which 
are shown in Fig. 1.  Statistics for bias, root mean 
square error (RMSE), and correlation coefficient 
are calculated for surface (2-3 m) wind speed, 
surface pressure, and temperature versus 
observed data from the 7 weather stations.  The 
statistics presented are averaged over all of the 
stations. 
 
Table 1. Models Used in Study 

Agency Model Domain
Resolution 
(approximate)

ECMWF ECMWF Forecast Global 55-km
NCEP AVN Global 110-km
NCAR Global_MM5 Global 120-km
NCAR AMPS_MM5 Antarctica 30-km
Acronyms: European Centre for Medium-Range 
Weather Forecasts (ECMWF), National Centers for 
Environmental Prediction (NCEP), Aviation Model 
(AVN), Byrd Polar Research Center (BPRC). 
 
 

3. Model Performance 
3.1 South Pole surface wind speed 

Figure 2 shows the time series of modeled 
wind speed at the South Pole vs. Clean Air AWS 
(90oS 0oW). The models performed with varying 
degrees of skill for this endeavor.  In predicting the 
magnitude of the wind speed, AMPS shows a 
positive bias (~3 m s-1 from Table 2a), while AVN 
(which provides the initial conditions for AMPS) 
shows a slight negative bias (~1.5 m s-1).  ECMWF 
shows the least bias (~0.80 m s-1).  A systematic 
bias for Global MM5 is indistinguishable, being 
very little from 21-23 April, and large from 24-27 
April.  In predicting the wind speed variability, 
particularly capturing the decline in wind speed on 
24 April, AMPS and AVN display the greatest drop 
(~4 m s-1), while ECMWF predicts a more 
moderate drop (~1 m s-1).  There is no 
distinguishable drop in the Global wind speeds 
during this period.  The lack of the winds subsiding 
in Global MM5 may be related to an elevation 
discrepancy at the Pole in the model surface 
topography, which has since been adjusted to 
reflect the accurate orography.  Noting the 
observed wind speed during the blowing snow 
event, a blowing snow “wind speed threshold” can 
be approximated at about 6 m s-1 (this 
approximate threshold is also noted by the 
forecasters at McMurdo).  Using this general rule, 
AMPS and ECMWF would have accurately 
predicted the blowing snow event and its 
subsequent cessation on 24 April. 
 
3.2 Model statistics at 7 AWS sites 
Table 2 presents the statistical results for the 
short-term forecasts (06-48 h) modeled vs. 
observed surface wind speed, pressure and 
temperature averaged over 7 sites in West 
Antarctica.  Observing the wind speed statistics, it 
is noted that AMPS has a positive bias that is 
larger than the other models.  This is also true for 
Global MM5.  ECMWF and AVN do not indicate 
any significant bias.  ECMWF has the lowest 
RMSE and highest correlation coefficient overall, 
suggesting the highest skill in capturing variability. 

All of the models tend to show high skill in 
predicting surface pressure, as indicated by the 
positive correlations, which are all at least 0.85.  
ECMWF shows the highest correlation.  AMPS 
has the smallest bias, while AVN has the smallest 
RMSE.  Global MM5 has the largest bias (+3.1 
hPa), and the lowest correlation.  When 
considering the bias and RMSE statistics for 
pressure, one must use caution.  This is due to 
uncertainty in the elevations of the high continental 
AWS sites, which can reach magnitudes of +/-100 
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surface pressure will not correspond correctly for 
given elevation.  Therefore, the correlation 
coefficient is the most reliable statistic for 
analyzing model skill for surface pressure. 

  The surface temperature trends indicate that 
ECMWF and AMPS have the smallest biases, 
both being negative, while AVN and Global MM5 
have significant positive biases.  It is noteworthy 
that when observing the biases for individual sites 
(not shown), all models show both negative and 
positive biases.  RMSE and correlation statistics 
also indicate that ECMWF shows the highest skill 
in depicting the surface temperature.  AMPS has a 
lower RMSE than AVN and Global MM5. AMPS, 
AVN and Global MM5 all have similar correlation 
coefficients.   

3.3 Initial and boundary conditions 
Three additional AMPS runs were performed 

for the 0000 UTC and 1200 UTC 23 April and 
0000 UTC 24 April initializations using 
ECMWF/TOGA data to depict the initial and 
boundary conditions (IC’s/BC’s).  It should be 
noted that the ECMWF/TOGA data is at a lower 
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ig. 2.  Observed vs. forecast wind speed (m s-1)
t the South Pole, 21-28 April 2001 for all
orecasts out 06-48 h from the initial (00 h) time.
bservations (thick dotted line) are from Clean Air
WS (-90 S, 0 E).   The transparent bars indicate

he duration of the flight to Pole.  The green bars
t the top of each graph represent times when
lowing snow conditions are reported.
bbreviations: AMP=AMPS 30-km MM5, AVN=
CEP’s Aviation model, ECM=ECMWF Forecast
odel, and GLO=Global 120-km MM5. 
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m (personal communication, George Weidner, 
Antarctic Meteorological Research Center).  If the 
published elevation of an AWS is inaccurate, the 
 
 
 

Table 2. Average Bias and RMSE and Correlation
Coeffecient of surface variables over 7 sites for all
forecasts <= 48 h. 
spatial resolution than AVN, which is currently 
used for the AMPS IC’s/BC’s, and the temporal 
resolution is every 12 h as opposed to 6 h for AVN 
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(this influences the lateral boundary conditions, 
which are imposed throughout the model run).  
However, these data were used because they are 
the derived from the initial fields of the much 
higher resolution ECMWF global forecast model, 
which performed with relatively high skill in this 
study, and is generally more representative of 
observed conditions than AVN (a key reason 
being that the horizontal resolution is much higher 
than AVN).  The ECMWF/TOGA data were 
chosen over the ECMWF global forecast data 
because the data are available free of charge from 
NCAR, and because AMPS is currently configured 
to assimilate ECMWF/TOGA data. 

Figure 3 comopares the results for surface (2 
m) temperature of the additional AMPS runs using 
ECMWF/TOGA IC’s/BC’s to the original AMPS 
runs using AVN IC’s/BC’s.  The runs using 
ECMWF/TOGA IC’s/BC’s correlate more closely to 
the observed temperatures, and do not reproduce 
the anomalously high temperatures on 24 April 
that are observed in the runs using the AVN 
IC’s/BC’s.  With respect to wind speed, the runs 
using ECMWF/TOGA IC’s/BC’s (not shown) 
correlate more closely to the observed wind speed 
than the runs using AVN IC’s/BC’s, most noteably 
in capturing the decrease of wind speed on 24-25 
April.  The forecast surface pressure shows 
moderate improvement in the runs using 
ECMWF/TOGA IC’s/BC’s (not shown), with the 
overall postive bias being less than the runs using 
AVN IC’s/BC’s.  Both cases correlate well with the 
pressure trend.   

Fig. 3. Surface (2 m) Temperature (oC) at the 
South Pole for (a) original AMPS runs using AVN 
IC’s/BC’s, and (b) new AMPS runs using 
ECMWF/TOGA IC’s/BC’s. 

4. Conclusions 
Of the four models examined, ECMWF 

demonstrates the most skill in forecasting the 
three variables examined.  In general, the higher 
resolution models perform with the greatest skill.  
Observation of the time series forecast data for the 
wind speed at the South Pole supports this.  In 
addition, inspection of the correlation coefficients 
suggests that the forecast wind speed especially 
benefits from higher model resolution.  All of the 
models correlate with relatively good skill with 
respect to the surface pressure, although 
determining systematic biases is not possible due 
to uncertainty of the published elevations of the 
high-elevation AWS sites used for validation.  The 
statistics indicate that the prediction of surface 
temperature is a significant weakness in all of the 
models, and perhaps should be the focus of future 
studies aimed at improving numerical weather 
prediction at high latitudes.  Finally, it is observed 
that employing ECMWF/TOGA IC’s and BC’s in 
AMPS results in improved forecasts of the 3 
examined surface variables.  This suggests that it 
may be worthwhile to experiment with various 
initialization models in an effort to improve forecast 
skill. 
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