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Fig. 1. Map of area envisioned for the regional
focus of RIME.  The local focus will be in the area
immediately surrounding McMurdo. 

 
 
________________________________________
*Corresponding author address: David H.
Bromwich, Byrd Polar Research Center, 1090
Carmack Rd., Columbus, OH 43210; email:
bromwich@polarmet1.mps.ohio-state.edu 

Scientific Justification for RIME 
 

David H. Bromwich* 
 

Polar Meteorology Group, Byrd Polar Research Center, The Ohio State University 
Columbus, Ohio 

 
 

1. Introduction 
 

To date, scientists have a good 
knowledge of the basic aspects of many 
meteorological processes in Antarctica, but 
detailed understanding is lacking. This is required 
for interpreting the role of Antarctica in the global 
climate system, for example, via sensitivity studies 
with global climate models.   In addition, logistical 
activities in the United States Antarctic Program 
(USAP) increasingly rely on numerical weather 
forecasts to allow expansion to year-round 
operations. An example is the wintertime rescue of 
Dr. Ronald Shemenski from South Pole in April 
2001 and the collection of personnel from 
McMurdo around the same time.   

A multi-year field program, the Ross Island 
Meteorology Experiment (RIME), is proposed to 
address the needs expressed above. It is 
envisioned that the program will meet these goals 
through the study of regional and local-scale 
processes, with an emphasis on the improvement 
of numerical modeling.  The proposed study 
region, shown in Figure 1, is thought to be the 
ideal location for RIME for several reasons: 
 
• The processes in the study region are 

representative of those that take place in all 
parts of Antarctica.  

• The Ross Sea sector of Antarctica is known to 
have strong interactions with the global 
climate system (Bromwich and Hines 2001). 

• The infrastructure and logistics are already in 
place to support a field program. 

 

 

 
2. Approach 

 
2.1 Regional Focus 
 The regional focus is needed to study 
processes that occur on large spatial scales (i.e., 
katabatic winds) and for forecasting purposes. 
This also allows the collaboration with scientists 
from France and Italy. Aircraft, regional AWS, 
satellite products, wind profilers, and an enhanced 
upper air program are needed to reach these 
goals.   
 
2.2 Local Focus 

The local focus will allow for 
parameterization testing and development. 
Primarily, this must be concentrated in a limited 
area to get enough equipment in place. In 
addition, the local focus aids in the testing and 
development of satellite products that are required 
for the process-based studies and forecasting 
purposes. The local program will require ground-
based equipment and aircraft measurements.  
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2.3 Timescales 
The program envisions two extended field 

seasons that are not consecutive.  This will allow 
for data and procedures to be analyzed in the “off” 
year, and improvements to be made for the 
subsequent field season.  During each field 
season, it is anticipated that timescales to be 
emphasized will be two weeks and shorter, and 
studies will be couched in the context of dominant 
atmospheric circulation modes. 
 
3. Process-Based Studies 

 
Meteorological components that are important in 
the Ross Sea area include: 
 
• Katabatic winds 
• Mesoscale cyclogenesis 
• Barrier winds 
• Flow splitting around Ross Island. 
 
While all of these processes have been studied, 
none are well understood.  Each process is 
described in greater detail below. 

Katabatic winds play a key role in the 
atmospheric behavior over the Ross Sea and 
Ross Ice Shelf areas. Figure 2 shows the surface 
airflow over Antarctica as simulated by Parish and 
Bromwich (1987).  Three regions of enhanced 
katabatic winds for the Ross Sea/Ice 

Shelf area, downstream of where the streamlines 
converge in the interior, are Siple Coast, Byrd 
Glacier, and Terra Nova Bay.  Katabatic airflow 
from all three sources can affect Ross Island.  

Figure 3 presents an infrared satellite image from 
mid-winter 1988, with the dark signature over the 
Ross Ice Shelf depicting katabatic winds from 
Siple Coast.  These mountain-parallel winds are 
propagating northward along the regional isobars, 
with contributions from additional katabatic outflow 
from the primary glacial valleys in the 
Transantarctic Mountains to the west.  The most 
prominent tributaries are those from Byrd, Mulock 
and Skelton (BMS) glaciers immediately to the 
south of Minna Bluff.  At times the combined 
airstream strongly affects the western side of Ross 

Fig. 2. Areas of the maximum annual normalized
distribution of mesoscale vortices superimposed on
the katabatic wind drainage of Antarctica as
simulated by Parish and Bromwich (1987).
(Units=vortices (10 000 km2)-1 yr-1) 
Fig. 3. A thermal infrared satellite image of a 
katabatic wind event occurring over the Ross Ice 
Shelf in June 1988.  The katabatic wind is 
represented by the dark (warm) region. 
Island, but in this case it passes mainly to the east 
of Ross Island.  On some occasions the combined 
katabatic airflow from the BMS glaciers strongly 
influences the McMurdo station area (Liu and 
Bromwich 1993).  Similarly, strong katabatic 
airflow from Terra Nova Bay can reach McMurdo 
Station (Bromwich 1989).  Katabatic winds at Siple 
Coast, Byrd Glacier, and Terra Nova Bay are also 
associated with mesoscale cyclone formation, as 
described in the next paragraph, with the last 
events playing a very important role in the weather 
affecting Ross Island.  The detailed controls on the 
variability of the katabatic flow from the ice sheet 
interior are not well understood. Also, katabatic 
outflow beyond the end of the terrain slope 
exhibits complicated behavior as a result of 
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pressure gradient forcing and Coriolis effects 
combining in highly nonlinear ways; the detailed 
airflow characteristics and the governing dynamics 
are unknown. 

Figure 2 shows the most active areas of 
mesoscale cyclogenesis from the Ross Sea 
eastward to the Weddell Sea, as observed from 
one year (1991) of satellite imagery (Carrasco et 
al. 2002).  It demonstrates the close association 
between katabatic winds from Siple Coast, Byrd 
Glacier, and Terra Nova Bay with adjacent 
maxima of mesoscale cyclogenesis.  While 
controlled modeling studies have demonstrated 
this relationship (e.g., Gallée 1996; Klein and 
Heinemann 2001), the sub-grid scale processes 
that control the formation of mesoscale cyclones 
are still not well understood, and this is reflected in 
the limited skill shown by operational forecast 
models in simulating these events.   

The coastal area around Ross Island is well 
known for barrier wind events (e.g., O’Connor et 
al. 1994).  Barrier winds are caused by northward 
topographic deflection of airflow from cyclones to 
the east and northeast of Ross Island.  Figure 4 
shows a pronounced and extended barrier wind 
event from February 1984 where 15 m/s 
southeasterly barrier winds are affecting Hut Point 
Peninsula.  The detailed structure of the wind, 
mass, temperature, moisture, and cloud fields 
during these (often extreme) events has never 
been measured. Their modification by the complex 
terrain surrounding Ross Island is uncertain as 
well.  The contributions of the katabatic winds from 
BMS glaciers to the barrier wind events are also 
unknown.  These uncertainties contribute to the 
difficulties numerical models have in simulating the 
detailed behavior of barrier wind events. 

As a result of strong southerly winds (which are 
often caused by katabatic and barrier winds), there 
is flow splitting around Ross Island.  This is shown 
by the >15 m s-1 southeast and southwest winds 
on the west and east sides of Ross Island, 
respectively, in Fig. 4.  This has been modeled at 
high resolution in an attempt to better understand 
the flow regime and in order to reproduce 
observations at surrounding AWS sites.  
Unfortunately, operational models, even at high 
resolutions (e.g., the Antarctic Mesoscale 
Prediction System at 3.3-km resolution) still have 
difficulty resolving the flow at critical locations, 
such as the Williams Field ski-way. 
 
4. Modeling Studies 
 
4.1 Parameterization Improvements 

Some common model deficiencies that tend to 
be amplified in the polar regions include:  

 
• Cloud-radiation interactions 
• Planetary boundary layer processes 
• Moist processes. 
 

Figure 5 (from Cassano et al. 2001) shows the 
relation of clouds and radiation for modeled and 
observed conditions over a one-month period at a 
site in Greenland. Deficiencies in the forecast 
cloud cover lead to inaccurate estimations of net 
radiation.  It is important to understand and 
minimize these deficiencies, as radiative fluxes 
have a direct impact on surface and upper level 
temperature and moisture conditions. 

 
In the planetary boundary layer (extending 

from the surface to ~400 m), parameterizations of 
the basic variables require refinement.  For 
example, simulated wind speeds can have errors 
as high as 30% in relation to observations 
(estimated from Cassano et al. 2001).  Wind 
speed is a basic component of the equations for 
mass, momentum and energy fluxes, and thus an 

Fig. 4. Regional analysis of the sea level isobars 
(hPa, solid, 88=988) and surface isotherms (oC, 
dashed) from AWS observations at 00 UTC 21 
February 1984.  Note the that the isobars are 
perpendicular to the Transantarctic Mountains, 
which is characteristic of barrier wind events. 
From O’Connor et al. (1994). 
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accurate depiction is needed to achieve 
satisfactory model skill.  In addition, forecasters 
consider wind speed to be of critical importance, 
as this aids in the prediction of blowing snow, a 
well-known hazard to aviation in the Antarctic 
(personal communication, Arthur Cayette). 

Moist processes are poorly understood, 
especially over the high, dry interior plateau of 
Antarctica (Guo et al. 2002).  Near McMurdo, 
forecasting fog has proven a difficult task, 
especially at the primary ski-way for USAP 
operations, Williams Field, which is situated in an 
area of complex topography and contrasting air 
masses.   

 

 

 
4.2 Forecast Improvements 

It is envisioned that RIME will serve as a 
controlled environment in which to test and 
validate ideas that have the potential to improve 
simulations.  For example, one approach is to 
assimilate unconventional or previously unused 
data sources, such as wind and sea ice products 
from satellite imagery.  In addition, soundings from 
the GPS/Met satellite constellation (see Kuo et al. 
this issue) could provide many additional upper air 
observations to enhance simulations.  
Improvements in the assimilation of conventional 
data (i.e., AWS, rawinsonde) are also possible.  
Another possibility involves testing models at 
various horizontal and vertical resolutions in areas 
of complex topography, which will allow selection 
of optimal resolution for operational models.  This 
is an important issue with regards to cost 
effectiveness, as a small increase in model 
resolution results in a large increase in the 
computational burden. 
 

5. Summary 
 

It is visualized that RIME will have a regional 
focus, encompassing the Ross Sea/Ice Shelf and 
a considerable portion of East and West 
Antarctica, and a local focus which concentrates 
around Ross Island.  Within multiple field seasons, 
studies will be couched within time periods of 
approximately two weeks, and within the context 
of the dominant modes of atmospheric circulation.   

Many processes that merit ongoing research 
will be examined.  Some of these include: 

 
• Katabatic winds 
• Mesoscale cyclogenesis 
• Barrier winds 
• Flow splitting around Ross Island. 
 

Parameterizations of poorly understood 
processes are currently a major deficiency in polar 
atmospheric modeling.  A major goal of RIME 
would be to improve our knowledge of these 
processes, such as: 
 
• Cloud-radiation interactions 
• Planetary boundary layer processes 
• Moist processes. 
 

Other means of improving numerical weather 
prediction, such as assimilation of unconventional 
data and experimenting with various horizontal 
and vertical model resolutions are also an 
intended component of research associated with 
RIME.   
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