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1. Introduction 
With a goal of improving short term to 

medium range weather forecasting in Antarctica, 
the Ross Island Meteorology Experiment (RIME) 
offers an opportunity to demonstrate applications 
of weather observations from ground and space 
based platforms. The University of Wisconsin's 
Automatic Weather Stations have served the 
United States Antarctic Program for over 20 years.  
This platform will provide critical ground truth, as 
well as raw observations needed for weather 
forecasting and experiment activities.  As the 
Earth observing era matures during the next five to 
ten years, space based platforms will offer 
forecasters and modelers critical new products 
and data that may be the key to improved 
forecasts.  The University of Wisconsin's Antarctic 
Composite satellite images have offered an 
unparalleled view of the Southern Hemisphere for 
nearly nine years. The composites are only the tip 
of the iceberg for the potential applications of 
Antarctic satellite observations (e.g. cloud 
masking, cloud optical properties, etc.). In order to 
improve numerical weather prediction (NWP) and 
weather forecasting, it is necessary to ingest these 
different data streams into a data assimilation 
system. The inclusion of all weather observations 
will provide a valuable data set for NWP.  

2. Automatic Weather Stations (AWS) 

History of AWS 
Over the last 21 years, the University of 

Wisconsin-Madison Automatic Weather Station 
(AWS) program has installed weather stations 
(Fig. 1) at over 100 sites in Antarctica.  Over the 
last few years, the AWS project has been 
maintaining over 56 stations actively, with 
cooperative help from the French, British, and 
Japanese along with the United States Antarctic 
Program (USAP).  These stations have served 
both in research and operational forecasting 
capacities.  Studies of katabatic winds, barrier 

winds, mesoscale circulation and polar lows, are 
among the applications that AWS data was used 
for (e.g. Carrasco and Bromwich, 1993).  Now, a 
sufficient archive of AWS data exists to document 
long term climatology for several sites in the 
Antarctic. Studies of El Nino/Southern Oscillation 
(ENSO) using the Antarctic AWS and other 
observations has demonstrated a clear 
relationship between temperature and pressure 
characteristics and ENSO activity (e.g., Smith and 
Stearns, 1993). 
 

 

Next Generation AWS network and RIME 
 Work is currently underway at the 
University of Wisconsin-Madison to develop a next 
generation AWS station. This new system has the 
goal of meeting some key requirements including: 
 
• Consume less power 
• Use new, more readily available components 
• Expandable 
• Modular (thus easier to fix/repair!) 
• Has program flexibility 
• Permits multiple transmitters: GOES DCP, 

VHF, ARGOS/2 (with two-way 
communications!) 

Fig. 1. A 
photo of an 
Automatic 
Weather 
Station 
(AWS) 
located at 
Siple Dome, 
West 
Antarctica. 
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The currently deployed AWS system employs 
1970s military specifications computer chip 
technology (used for the Voyager spacecraft 
missions).  These components are no longer 
made or available.  The new AWS system (Fig. 2) 
will be developed to use newer and much more 
readily available components.  A base AWS 
station will also consume less power.  The plans 
for the next generation AWS system are to be both 
expandable and modular.  These characteristics 
will make repairs much easier and faster.  Perhaps 
many repairs can be done in the field not requiring 
the site to be removed and then repaired at 
McMurdo Station or even back at Wisconsin.  It 
will also allow the AWS units to be configured with 
an array of sensors, including GPS, above and 
beyond the basic temperature, pressure, relative 
humidity and wind speed/direction information.  
Naturally these requirements demand that the new 
system be flexible with regard to its internal 
programming.  Finally, the next generation system 
will be able to work with multiple transmission 
methods, including VHF radio, GOES Data 
Collection Platform (DCP) and the new two-way 
ARGOS/2 communications system.   
 This next generation AWS system will be 
of critical importance to the success of RIME. 
AWS observations are crucial to any analysis or 
understanding of basic meteorological processes.  
With the lack of manned observing stations around 
the Antarctic continent, AWS units offer the best 
means to collect basic meteorological parameters 
for both local and regional applications. 
 

3. Satellites and Data 

Historical use of satellite data in the Antarctic 
 Historically, satellite data use in the 
Antarctic for weather forecasting has been limited 
to mostly imagery for short term forecasting.  
Visible and infrared imagery has been the first and 
thus most widely used, most commonly from polar 
orbiting satellites, either using analogue or digital 
reception methods.  Some more creative uses of 
both geostationary and polar orbiting data have 
led to the research and later operational use of 
composite imagery, including the University of 
Wisconsin Antarctic Composite images (Fig. 3).  
Advanced use of satellite imagery and data has 
been limited to research activities or the 
occasional field program, such as project FROST 
(Lazzara et al., in press). 
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Fig. 2. The initial schematic block diagram of the
next generation AWS version AWS3A. 
 
ig. 3.  A sample Antarctic composite water vapor 
6.7 microns) image from 31 August 2001 at 15 
TC using GOES-8, GOES-10, Meteosat-5, 
eteosat-7, and GMS-5. 
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Satellite capabilities 
 RIME offers the opportunity to develop, 
improve and utilize advanced satellite products for 
both  direct application by forecasters and 
numerical weather prediction modeling systems.  
Many parameters can be derived from satellite 
observations.  Some derived products include: 
 
• Radiative fluxes 
• Albedo 
• Cloud amount/cloud top pressure/cloud 

classification/cloud masking 
• Effective emissivity 
• Precipitable water 
• Cloud drift and water vapor winds 
• Profiles of temperature and moisture 

 
 

Currently, several projects at the University of 
Wisconsin are engaged in developing these types 
of products on many satellite instruments 
including, but not limited to: 
 

• Advanced TIROS Operational Vertical 
Sounder (ATOVS) 

• Atmospheric Infrared Radiometer Sounder 
(AIRS) 

• Moderate resolution Imaging 
Spectroradiometer (MODIS) 

 
Development of these same products (Fig. 4, 5) 
for the Antarctic is a natural extension and should 
be considered important for RIME and the future 
of improved weather forecasting capabilities in the 
Antarctic. Satellite observations are the only 
ubiquitous observing system the Antarctic has.   

A RIME Data Center 
 A project such as RIME will involve the 
collection of data.  This priceless data needs to be 
collected, archived and made widely available.  
The AMRC offers to be a RIME Data Center.  
Having some experience being a key data center 
for the United States Antarctic Program (USAP), 
the AMRC is very interested in making sure that all 
of the data and observations made during RIME 
are saved and made available for all to use. Even 
researchers beyond the RIME community and the 
educational community will take interest in data 
sets collected during RIME.  The AMRC hopes it 
can help in this regard. 

 

Data Visualization 
The RIME project offers the Antarctic 

meteorological community the opportunity to take 
advantage of recent cutting edge developments in 
the world of interactive processing.  The field 
season activities that may be a part of the RIME 
call for diverse groups being able to integrate and 
display various data sets.   The ability to combine 
a variety of data sets in a collaborative virtual 
environment has been demonstrated by the 
Interactive Visualization Project at SSEC with its 
VisAD software (Hibbard et al., 1999) (Fig. 6).  An 
example use of this capability could be visualizing 
some model output from the Polar Meteorology 
Group at Ohio State, over-layed on top of satellite 
data from the AMRC.  It could be viewed at the 
same time over the Internet by the forecasters at 
McMurdo Station, and the researchers at both 
Ohio and Wisconsin using VisAD. Each would be 
able to make alterations to the display (drawing on 
it, pointing out features, etc.).  Combined with 
some interactive text or voice connection, this 
capability allows the diverse group of RIME 
participants to work actively throughout the 
experiment on issues as they come up. 

Fig. 4.  Polar winds derived using the water vapor
channel from the MODIS instrument on the Terra
Satellite.
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Fig. 5. A visible satellite image from the MODIS 
instrument on the Terra satellite over Pine Island 
Bay topt) and associated cloud mask image 
(bottom). Images courtesy of Rich Frey and Steve 
Ackerman. 

4. Data Assimilation 

Impact of data assimilation 
 The impact of the assimilation of weather 
data observations into a forecast model can be 
best demonstrated via example.  Figures 7, 8 and 
9 show a sample (Raymond and Wade, 2001). 
This study compared forecast model analyses 
between a model that used satellite-assimilated 
data and a model that did not.  The differences are 

dramatic.  The filtered water vapor channel (6.7 
microns) satellite data from the GOES satellite is 
seen in Figure 7.  Figure 8 is a display of the 
National Center for Environmental Prediction's 
(NCEP) ETA model analysis of what it thinks the 
filtered satellite data ought to look like, without 
using any satellite data assimilation.  Figure 9 
shows the Cooperative Institute for Meteorological 
Satellite Studies Regional Assimilation System's 
(CRAS) model analysis after it has assimilated the 
GOES satellite water vapor channel (6.7 micron) 
data.  The CRAS analysis has done much better 
job of depicting the water vapor channel than the 
ETA analysis.  This example demonstrates the 
power of the assimilation of data, even just one 
piece. 
 

 
Fig. 6.  A sample VisAD collaborative display 
courtesy of Tom Rink and Tom Whittaker. 

Antarctic Data Assimilation System (ADAS) 
 

RIME offers the first opportunity to have the 
Antarctic meteorological community engage in 
data assimilation activities.  It is proposed that an 
Antarctic Data Assimilation System (ADAS) be 
developed as part of RIME activities.  This will be 
a community effort and will be the first chance to 
have every type of weather observation put into an 
assimilation scheme.  Conventional observations 
(AWS, Ship, synoptic, METAR, radiosondes, etc.) 
are essential along with a variety of satellite 
observations (NOAA, DMSP, MODIS, etc.), and 
each will be critical in improving weather 
forecasting. 
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Fig. 7.  A GOES filtered water vapor image over 
the continental United States. Image courtesy of 
Bill Raymond and Gary Wade. 

 
 Additionally, RIME will offer modelers the 
chance to investigate not just one, but a host of 
numerical weather prediction models (MM5, 
CRAS, RAMS, etc.)  Perhaps RIME will also be 
able to investigate the opportunities of 
participation in the community use and 
development of the Weather Research and 
Forecast (WRF) model, which is going to be 
available during the RIME experiment. Being able 
to investigate how different models perform with 
different physics will allow the Antarctic 
meteorological community to learn what 
techniques work best in the polar climate.  The 
results may have a profound impact on operational 
forecasting in the future. 
 

 
Fig. 8. A forward model computed ETA model 
version of the water vapor channel. Image 
courtesy of Bill Raymond and Gary Wade. 

 

Fig. 9. A forward model computed CRAS model 
version of the water vapor channel, using 
assilimated data from the GOES water vapor 
channel only. Image courtesy of Bill Raymond and 
Gary Wade. 
 

Finally, forecast sensitivity, adjoint model 
targeted observations, and predictability issues 
must accompany RIME's modeling efforts.  Being 
able to determine where to take observations to 
have the most impact on modeling efforts is 
important. Gauging the skill of the model 
predictions is also fundamental to RIME. Learning 
about the sensitivity and biases of the modeling 
effort will be essential (see mid-latitude example in 
Figure 10).  All of these efforts aid in the desired 
outcome: to improve weather forecasting in the 
Antarctic. 
 

 
Fig. 10.  An MM5 Adjoint model computation of 
upstream sensitive areas that are affecting the 500 
Mb temperature forecast over the Eastern United 
States.  Display courtesy of Daryl Kleist and 
Michael Morgan. 
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5. Summary 
 In summary, the University of Wisconsin is 
excited by the opportunity that RIME offers for 
extending the frontiers of Antarctic meteorology, 
especially as it relates to observing and weather 
forecasting. Direct observations such as by AWS 
will be the foundation for RIME activities. New 
uses of satellite observations and derived products 
will be critical for RIME's success. Effective use of 
observations by a variety of numerical weather 
prediction systems via an Antarctic data 
assimilation system will have important impacts on 
Antarctic predictability. With all of these endeavors 
and more, the University of Wisconsin looks 
forward to being an active participant in RIME. 
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