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1. Introduction 
In October 2000, the National Center for 

Atmospheric Research (NCAR) and the Byrd Polar 
Research Center at the Ohio State University 
jointly developed an Antarctic Mesoscale 
Prediction System (AMPS). Since then, AMPS has 
been providing twice-daily numerical guidance for 
both the Antarctic and the McMurdo Station area. 
The forecast products are posted on the internet 
(http://www.mmm.ucar.edu/rt/mm5/amps/) and are 
being used by field forecasters, research planners, 
and polar meteorologists at McMurdo and 
elsewhere.  AMPS was developed in response to 
the recognized needs for improved forecast 
guidance from high-resolution mesoscale 
numerical weather prediction models (Bromwich 
and Cassano 2000) over the Antarctic. The goals 
of AMPS are: 
 

• To provide real-time mesoscale and 
synoptic forecast products for Antarctica, 
tailored to the needs of field forecasters at 
McMurdo Station; 

• To improve and incorporate physical 
parameterizations suitable for high 
latitudes; 

• To improve the science of mesoscale 
numerical weather prediction over the 
Antarctic through a close collaboration 
between forecasters, numerical modelers, 
and polar research scientists.  

 

The project has completed its first field 
season, and the system has been used effectively 
by the forecasting contingent in McMurdo (see the 
presentation by Cayette et al. from this workshop). 
In addition, the AMPS system has been used to 
support the rescue of Dr. Shemenski from South 
Pole in April 2001 and the GLOBEC field 
experiment.  

In this paper, we will describe the AMPS 
system, and suggest ways that AMPS can be 
used to support the Ross Island Meteorological 
Experiment (RIME). 
 

2. A Description of AMPS 
The forecasting component of AMPS is a 

modified version of the Fifth Generation 
Pennsylvania State University /NCAR Mesoscale 
Model – MM5 (Grell et al. 1995). The MM5 is 
configured with three domains with horizontal grid 
sizes of 90-km, 30-km, and 10-km (Figs. 1 and 2). 
The 90-km grid includes New Zealand, as 
Christchurch is the origin of flights to McMurdo. 
The 30-km grid covers the entire Antarctic 
continent. This provides mesoscale prediction over 
the entire continent at a resolution higher than 
available from other operational models. The 10-
km grid is centered over the McMurdo Station 
area, with an objective to resolve local topographic 
features and provide improved mesoscale 
prediction that is important for aviation forecasting. 
The three model domains are integrated forward 
using the two-way interactive grid-nesting 
approach. Each domain has 29 levels in the 
vertical. 

The initial condition for AMPS is based on the 
National Centers for Environmental Prediction 
(NCEP) Aviation global analysis (AVN), which is 
subsequently enhanced through objective analysis 
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of available observations. The observed data in 
the Antarctic region include reports from manned 
surface stations, surface automatic weather 
stations (AWSs), and upper-air stations over the 
continent; some satellite-derived wind 
measurements are also available. Both the 90-km 
and 30-km grids are initialized at 0000 and 1200 
UTC, and are integrated for 48 hours. The 10-km 
mesh is activated 6 h into the forecast of the 30-
km grid (interpolated from the 30-km grid), and is 
then integrated forward for 24 h. The lateral 
boundary condition for AMPS is obtained from the 
AVN global forecasts. 

    
Fig. 1. The 90-km and 30-km AMPS domains. 
Inner box shows the domain of the 30-km grid. 
The loci of Christchurch, New Zealand and 
McMurdo stations are marked on the figure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. The 10-km AMPS domain.  

Over the past five years, the Ohio State 
University (OSU) has adapted and tested several 
physical parameterization schemes suitable for 
applications over high latitudes. They have 
incorporated these physical parameterizations into 
a version of MM5, which is called the Polar MM5. 
Through collaboration between NCAR and OSU, 
we have incorporated these physics improvement 
into the AMPS forecast component (which is 
based on MM5 Version 3.4). First, to avoid the 
over prediction of cold clouds (see, e.g., Hines et 
al. 1997), the Fletcher ice nuclei concentration 
curve has been replaced with that of Cooper 
(1986). Second, the thermal properties of the 
permanent ice and snow types have been 
adjusted to better reflect the observed values. 
Third, the most suitable planetary boundary layer 
(PBL) scheme determined for use in the persistent 
stable boundary layer over the Antarctic ice sheet, 
the ETA model PBL scheme (see Bromwich et al. 
2001a) is employed in AMPS. Fourth, the NCAR 
Community Climate Model Version 2 (CCM2) 
radiation scheme is modified to include the 
radiative properties of clouds as determined from 
the microphysical species. Other scheme tunings 
have also been implemented. 

 
3. Potential Applications for RIME 
An important goal of RIME is to improve 

weather forecasting support for U.S. operations at 
Ross Island. It is obvious that AMPS can 
potentially serve as a “test-bed” for process-
oriented research as well as mesoscale modeling 
research for RIME. Moreover, AMPS can be 
enhanced to provide forecasting support for the 
field operation of the RIME. As such, we propose 
the following AMPS research be carried out in 
support of RIME: 
 

a. Detailed verification of AMPS forecasts 
We need to perform a careful verification of 

AMPS on both the synoptic scale and mesoscale 
on a routine basis. This would allow us to identify 
systematic model biases and deficiencies. Results 
from such verification studies would provide 
direction for future model development, as well as 
guidance on the type of process-oriented research 
that needs to be carried out in RIME. 
 

b. Development of an operational regional 
data assimilation and analysis system 

Bromwich et al. (2001b) examined the 
performance of AMPS for an event of mesoscale 
cyclogenesis in the western Ross Sea during 13-
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17 January 2001. They found that the 
performance of AMPS strongly depends on the 
quality of the NCEP AVN global analysis which is 
used in the AMPS model initialization. It would be 
desirable to develop a regional data assimilation 
system using the variational approach (i.e., 
3DVAR) that can effectively incorporate all 
available surface (i.e., AWS), upper-air 
observations, and satellite-derived measurements 
and products (i.e., GPS radio occultation 
soundings). The operation of such a regional data 
assimilation system would greatly improve the 
performance of AMPS. 
 

c. Potential enhancement of AMPS 
The execution of RIME will undoubtedly 

require additional forecasting support on top of 
routine operational forecasting at the McMurdo 
Station. For example, guidance needs to be 
provided on: (a) what meteorological systems to 
be studied; (b) when and where to take special 
measurements; and (c) the operations of research 
aircraft (if one is involved). This will require 
accurate forecasting at high resolution in time and 
space. Depending on the availability of computing 
resources, several potential enhancements can be 
implemented for AMPS in support of the field 
operation of RIME. This includes: (1) extending 
the forecast duration of the forecast from 48 hours 
to 72 hours for the 90-km/30-km grids, and from 
24 hours to 36 hours for the 10-km grid; (2) 
expanding the 10-km domain to fully cover the 
experimental domain of RIME; and (3) adding a 
3.3-km mesh within the 10-km mesh to provide 
enhanced prediction of small scale circulation 
systems. 
 

d. Interactive display system 
A suite of pre-determined AMPS forecast 

products are currently available on the web. While 
this is very useful for routine operational 
forecasting at McMurdo, this may not be sufficient 
for RIME. For field operation, it would be desirable 
to examine the structure of a forecasted weather 
system of interest, and to evaluate different 
measurement strategies (e.g., planning for the 
flight route for an instrumented research aircraft). 
The field operation planning of RIME would greatly 
benefit from an interactive graphic display system 
that make use of the full model grid fields (both in 
time and space) and can display the user 
requested plots on the fly. Such a system has 
been found to be highly valuable for mesoscale 
field experiments in the past. 
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