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Executive Summary 
 
 The Ross Island Meteorology Experiment (RIME), a basic and applied research 
program, will explore in detail the atmospheric processes over Antarctica and their 
interactions with lower latitudes via the Ross sea sector, as a prerequisite to exploring the 
role of Antarctica in global climate variations. Local and regional measurements made 
during the summer-early fall of 2005/2006 and the spring of 2007 will be complemented 
by an extensive numerical modeling effort to accurately simulate and understand 
transports of heat, water vapor, and mass to and from Antarctica along with their 
modification by the topographic and mesoscale processes. Aircraft campaigns will be the 
primary regional measurement tool while ground-based measurements and remote 
sensing facilities will be used to investigate the Antarctic-specific processes at a field 
camp about 90 km to the east of McMurdo Station on Ross Island. An immediate 
outcome will be improved weather forecasting is support of the U.S. Antarctic Program. 
Strong international collaborations will be a hallmark of RIME that will span June 2003 
to June 2010.  
 
1. Motivation for RIME 
 

Nearly every study that addresses issues of global change identifies the polar 
regions as those most sensitive to climatic shifts. The Antarctic continent is of particular 
importance in global change scenarios because of its large continental ice sheets and 
potential impacts on sea level change. In addition, numerous teleconnections between 
Antarctica and lower latitudes over time scales ranging from synoptic periods to those 
associated with the El Niño-Southern Oscillation (ENSO) and beyond have been 
documented in recent years. Further discussion of such issues can be found in the 
document Scientific Motivation for the Ross Island Meteorology Experiment (RIME), 
which has been circulated and can be found on the web at www-bprc.mps.ohio-state.edu. 
It is thus acknowledged that Antarctica plays a critical role pertaining to issues of global 
change. Yet, a physical understanding of how Antarctic processes are linked to those over 
the rest of the globe is lacking on all time scales.  

Before links between Antarctica and the rest of the globe can be investigated, it 
will be necessary to thoroughly understand physical processes and transports to and from 
the continent. Proper representation of Antarctic processes is prerequisite to global 
change studies, especially since Antarctic transports are strongly tied to local topographic 
and mesoscale processes that are currently not resolved within global climate models 
(GCMs). RIME, a basic and applied research program, is proposed to address these issues 
(see Fig. 1.1). RIME is a multi-year program consisting of field measurements of critical 
surface properties, air-surface fluxes, in-situ atmospheric measurements from Automatic 
Weather Stations (AWSs), airborne observing platforms, and simultaneous and 
continuing remote sensing measurements of the surface and the atmosphere. An extensive 
modeling program will complement the observing strategy. Field studies will be 
conducted to evaluate atmospheric processes during the critical austral autumn 
(December 2005 – March 2006) and austral spring (September - December 2007) 
periods. In addition, various Intensive Observational Periods (IOPs) will be conducted as 
part of the field study to examine specific meteorological events. Observations made 
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during IOPs will provide the most detailed data sets ever collected for Antarctic 
atmospheric studies. The data collected will be used to improve our understanding of 
regional interactions of atmospheric processes within a broad area centered on the Ross 
Island. The region encompassing the Ross Sea and Ross Ice Shelf has been selected 
based on its documented role as a key location for northward transports of mass, heat and 
momentum and the strong ENSO signal that has been previously recognized. This sector 
of the Antarctic also benefits from the extensive logistical support by the U.S. Antarctic 
Program. 

RIME will have two components, a regional study and a local study. The regional 
component will address the interaction between Antarctic processes and large-scale 
forcing while the local study will examine details of the fine-scale atmospheric structure 
and processes, energy fluxes and moisture transports. Among the key physical processes 
that are at present inadequately represented in Antarctic models and require detailed 
study on the local scale are cloud-radiation interactions, moist processes such as cloud 
and fog formation, and planetary boundary layer dynamics. The intended outcome of 
RIME is to advance Antarctic meteorology to a level of understanding comparable of that 
in the mid-latitudes. It is only then that a critical evaluation of the role of Antarctic 
atmospheric processes in global change can be contemplated.  

An important by-product of RIME will be improved weather prediction in the 
Ross Sea region. Better understanding of atmospheric processes in the Ross Sea sector 
will allow for an advancement in the skill of Antarctic numerical weather prediction 
(NWP), which has obvious operational benefits for the U.S. Antarctic Program. 
Numerical models have become fundamental tools for understanding and predicting the 
behavior of the atmosphere, yet NWP over polar regions, especially the Antarctic, is of 
lower quality than that at the middle latitudes. This is due, in part, to the lack of surface 
observations and especially upper air soundings. In addition, it has been concluded that 
improvements are required in physical parameterizations to represent adequately the 
unique conditions of Antarctica that are the cold, dry, and pristine limits to the terrestrial 
troposphere. Furthermore many phenomena, which are poorly understood, occur with 
greater frequency and intensity than elsewhere and thus play a much greater role in 
establishing average atmospheric conditions. The combination of strong low level 
stability and complex terrain make atmospheric modeling a challenging task. Recent 
developments in synoptic and mesoscale NWP have demonstrated that routine quality 
forecasts via NWP are within reach. 
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Figure 1.1. Location map showing the regional and local (inset) scales for RIME. 
 
 
 
2. Scientific Objectives: Process Studies 
 

Field experiments to be conducted as part of RIME will focus on aspects of both 
regional and local meteorological process studies and the interaction between these 
scales. The regional study will focus on the circumpolar vortex about Antarctica, terrain-
induced motions and transports, cyclone forcing in the Ross Sea sector, and mesoscale 
cyclogenesis. Local studies will emphasize details of the horizontal and vertical 
atmospheric structure about Ross Island and the energy exchanges within the boundary 
layer, moisture fluxes and smaller-scale modulation of the low-level airflow by the 
adjacent topography. Both are viewed as necessary steps before assessment is made 
regarding the large-scale role of Antarctic processes on global climate or climate change. 
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a) Regional Atmospheric Processes 
 

i)  Circumpolar Vortex 
 
 The time-averaged midtropospheric circulation in the Southern Hemisphere is 
characterized by zonal flow around a cyclone typically centered just to the northeast of 
the Ross Ice Shelf. This center of the circumpolar vortex usually tilts with height to reside 
near the South Pole at 100 hPa. The midtropospheric cyclone center does move around 
causing weekly variability in the weather at Ross Island and is associated with the ENSO 
variability on the multiannual time scale. A field study in the Siple Coast part of West 
Antarctica during spring found large, persistent vertical wind shear associated with the 
circumpolar vortex and large spatial variations in height of the shear zone caused by the 
Antarctic terrain. Symptomatic of the limited understanding of this profoundly important 
circulation system is the important disagreement between global atmospheric analyses for 
this part of Antarctica. There is little knowledge of the detailed vortex structure and the 
causes of its variability, primarily because of limited observations. 
  Dedicated research aircraft that can sample the upper and lower troposphere, 
such as the National Center for Atmospheric Research (NCAR) C-130 or the new High-
performance Instrumented Airborne Platform for Environmental Research (HIAPER), 
perhaps augmented by other aircraft such as an instrumented Twin Otter and unmanned 
aerial vehicles (UAVs), are needed to construct the detailed horizontal and vertical 
variations of the primary atmospheric state variables (pressure, temperature, wind, etc.) 
within a 1000 km radius of McMurdo Station. Measurements are needed when the vortex 
has an equivalent barotropic and a baroclinic structure, and when it is over the ocean and 
over East Antarctica. The modification by the Antarctic terrain will be a critical aspect to 
observe, as will the mutual adjustment of the mass and thermal fields. Intensive 
observing periods will be designed to monitor representative states as well as transitions 
between them. At times there are large northward mass transports from the Ross Ice Shelf 
at low levels and it is critical to understand the coupling between the vortex and lower 
layers during such events, i.e., to construct a two-dimensional mass balance. The aircraft 
sampling will take many hours to complete and the temporal variability will need to be 
removed from the data by having frequent rawinsonde launches (every 3 hours during the 
flight) from McMurdo, Terra Nova Bay, and possibly South Pole, Dumont D’Urville and 
Dome C stations. Cloud track winds from polar orbiting satellites can supplement the 
aircraft observations even though the satellite vertical resolution is coarse. A dedicated 
aircraft platform is the only way to acquire the detailed observations required. 
  Topics to be tackled by the research aircraft missions include the following: 
 
• What is the detailed horizontal and vertical structure of the circumpolar vortex when 

it is centered over the ocean versus when it centered over Antarctica? 
• What causes the transition between equivalent barotropic and baroclinic structures 

and vice versa?  How are these related to transient synoptic scale cyclones? 
• How is the vortex affected by the formation of a definite Antarctic tropopause in the 

summer? 
• Is there any systematic organization to the movement of the vortex center and are 

there precursors? 
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• Are there mesoscale vortices and troughs embedded in the broad scale vortex when it 
resides over East Antarctica and what causes these features? 

• What is the relationship between the vortex and low-level circulations over the 
western Ross Ice Shelf? To what degree are they decoupled? What impact does 
subsidence from the elevated plateau play in the coastal dynamics? 

•  During major northward low-level mass-transport events from the western Ross Ice 
Shelf is there a compensating inflow aloft? 

 
ii) Terrain-Induced Circulations   

 
The meteorology of the Ross Sea sector is profoundly influenced by the local and 

regional topography of the Antarctic ice sheet and adjacent Transantarctic Mountains. 
Low-level katabatic winds transport cold air over the continent toward the coast. The 
presence of the ice sheet serves as a formidable barrier to the southward movement of air. 
Local terrain features such as glacier valleys, points, and bluffs further constrain motion. 
To understand atmospheric motions in the lower atmosphere, topographic influences 
must be considered.  

 
(a) Ross Ice Shelf Air Stream  
 
One of the most pronounced features of the lower atmosphere over the Ross Ice 

Shelf is the broad, northward moving air stream adjacent to the Transantarctic Mountains. 
This persistent river of air has previously been shown to be a primary transport channel 
between Antarctica and the rest of the Southern Hemisphere. As this Ross Ice Shelf air 
stream (RAS) reaches the vicinity of Ross Island, complex blocking and flow separation 
occurs that has a pronounced impact on the local meteorology. Farther north, RAS surges 
have been implicated in polynya formation along the edge of the Ross Ice Shelf. Figure 
2.1 illustrates the streamlines of the near-surface wind over the Ross Sea sector valid for 
the midwinter period of 2001 based on daily simulations with the Fifth Generation Penn 
State/NCAR Mesoscale Modeling System (MM5). It can be seen that the RAS stretches 
from the extreme southern Ross Ice Shelf, across the Ross Ice Shelf and through the 
western Ross Sea. Previous research has shown that the pattern depicted in Fig. 2.1 is 
representative of the entire year. The streamlines illustrate that strong and persistent 
northward low-level transports are focused within a relatively narrow corridor.  
 Modulation of the regional-scale RAS illustrated in Fig. 2.1 and the adjustment 
associated with the complex terrain will be investigated as part of this experiment phase. 
In particular, the mean regional three-dimensional fields of pressure, temperature and air 
motions and their sensitivity to topographic-forcing under a variety of synoptic 
conditions will be examined. As can be seen from the streamlines in Fig. 2.1, scales of 
motion approaching 1000-km will be considered. Access to a dedicated airborne platform 
with the full complement of meteorological instrumentation will be essential. An 
instrumented airborne platform, such as the NCAR C-130 or HIAPER, is essential owing 
to the scale of the regional circulations. Onboard state-of-the-art instrumentation will 
permit measurements of dynamic, thermodynamic, radiative and cloud microphysical 
properties that to date have not been monitored. Other possible platforms include the 
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Figure 2.1. Mean streamlines of the wind at approximately 10-m above the surface based 
on daily MM5 simulations from 15 June – 15 July 2001. 
 
Twin Otters, DC-8 or other scientific aircraft or unmanned remotely controlled aircraft. It 
is essential that the airborne data collection effort encompass distances in excess of 500 
kilometers from McMurdo and so range will be an issue. Deployment of additional AWS 
units about the Ross Ice Shelf will be necessary in support of this task.  

Prior to any sensitivity studies, a series of flights and coordinated data collection 
need to be conducted to examine the background state of the regional motion field in the 
Ross Sea sector. Of importance are the pressure, wind and temperature fields over the 
Ross Ice Shelf adjacent to the Transantarctic Mountains. Measurement of the state 
parameters alone will constitute an unprecedented examination into the low-level 
meteorology over the Ross Ice Shelf.  

Questions to be addressed include: 
 

• Does the horizontal pressure field perpendicular to the barrier show evidence of cold 
air damming? Is the RAS a barrier wind? 

• What variations exist in the horizontal pressure gradient perpendicular to the barrier? 
What is the primary force balance responsible for this wind? 

• What variation in the intensity of the RAS is seen to the east of the Transantarctic 
Mountains? How does the RAS vary in the vertical? 

• How does the northward mass flux associated with the RAS vary to the south of 
McMurdo? 

• What changes in the primary characteristics of the air flow along the western Ross Ice 
Shelf occur coincident with cyclone forcing? 

• How far to the north can these “surges” travel? 
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(b) Siple Coast Confluence Zone 

 
Depictions of the time-averaged low-level wind field over Antarctica show a 

series of marked confluence zones. These regions are characterized by convergence of 
streamlines and are thought to contain a significant katabatic component. Confluence 
zones are regions of enhanced transport off the elevated Antarctic plateau. Some of the 
strongest and most persistent katabatic wind regimes are situated downwind of these 
confluence zones. Among the most prominent is the Siple Coast confluence zone. It is 
obvious on nearly every map that shows time-averaged streamlines over the continent. 
This confluence zone also is the source region of the RAS and is thought to be the 
dominant mass source for this conveyor of Antarctic air. Variations in the Siple Coast 
confluence zone are therefore important in the northward fluxes of mass and momentum 
across the Ross Ice Shelf and hence in the response of Antarctic processes to cyclone 
forcing to the north of the continent.  

Dedicated flights are planned to explore the three-dimensional temperature and 
motion fields over the West Antarctic ice sheet, at the foot of the Siple Coast and out over 
the southern Ross Ice Shelf. Initially, data collection will be made under conditions 
representative of the mean climatology, which implies a tranquil synoptic state. An 
additional study will be made to examine the synoptic modulation of the confluence zone 
under conditions of strong cyclone forcing in the Ross Sea. 

Questions to be addressed include: 
 

• What is the three-dimensional structure of this confluence zone? What is the 
horizontal extent of the flow along the Siple Coast? Is there a low-level wind 
maximum associated with the confluence zone? 

• What air mass modifications take place as the air stream originating from the Siple 
Coast confluence zone moves over the Ross Ice Shelf? 

• What fraction of the RAS is due to the Siple Coast confluence zone? How does the 
confluence zone respond to cyclone forcing? 

 
(c) Byrd Glacier Study 
 
Additional mass flux into the RAS is provided by katabatic air streams that issue 

from the various glaciers along the Transantarctic Mountains. Among them, the Byrd 
Glacier appears to be the largest contributor. The mass fluxes arising from the feeder air 
streams, the horizontal and vertical structure of these air flows, and their modulation by 
transient cyclonic features have never been documented.  

Thermal infrared imagery clearly reveals the presence of air streams moving 
through the Byrd Glacier and onto the Ross Ice Shelf. The air streams show up as dark 
streaks on the imagery, which would lead to the conclusion that they are warmer than the 
air at the foot of the glacier. They are often observed to turn to the left in a pseudo-
inertial flow. A debate has been ongoing regarding the relative buoyancy of this air 
stream from Byrd Glacier, its evolution and adjustment beyond  the mountains and its 
role in the establishment of the northward mass flux along the Transantarctic Mountains. 
Investigation as to the physics of this air stream through the Byrd Glacier will be made. A 



 

 8

series of dedicated flights will be required to examine the wind and temperature fields at 
the foot of the glacier, along the glacier valley, and the confluence zone up on the 
continent at the head of the glacier. 

Questions to be addressed include: 
 

• Is the Byrd air stream potentially warmer than the surrounding environment? How 
deep are the flows? 

• What variations in the thermodynamics and dynamics are found following the flows? 
What adjustments occur as the flow moves onto the Ross Ice Shelf? 

• How far can the outflow signature be traced onto the Ross Ice Shelf? What variations 
in the vertical are found in this air stream? 

• How is the intensity of this air stream influenced by processes on the Antarctic 
plateau? 

• What is the contribution of the mass flux through the Byrd Glacier on the total mass 
flux along the western Ross Ice Shelf? 

• How do cyclonic disturbances modulate the transports through the Byrd Glacier? 
 
(d) Continental Plateau Studies 
 
The climate of the Antarctic region is influenced greatly by the elevated ice sheet. 

As cold air drains from atop the continental ice sheet, a thermally-direct secondary 
circulation must develop in the middle and upper atmosphere in response. The mean 
circulation consists of large-scale subsidence over the ice sheet as the low-level motions 
move downslope with corresponding upper level convergence. Katabatic winds remove 
radiatively-cooled air from the continental surface in a nearly continuous fashion. In this 
manner, the continental circulation is a “leaky” baroclinic system. There seems no doubt 
that synoptic forcing is responsible for surges in katabatic drainage or other cold air 
outflow from the continent towards middle latitudes of the Southern Hemisphere. The 
connection between physical processes on the continental plateau and the synoptic 
environment will be a focus during RIME. Special attention will be given to the intense 
katabatic features near Terra Nova Bay and Adélie Land. Both air streams have been 
linked to mesoscale cyclogenesis and serve as important transport channels for the 
movement of continental air off the ice sheet. An instrumented airborne platform will 
again be required for this study. Results of such studies will permit an understanding of 
the linkages between processes over the continental interior with large-scale conditions in 
the Ross Sea. 

Questions to be addressed include: 
 

• How does the meteorology of the high plateau respond to cyclone forcing? What 
changes in the wind and temperature fields takes place? 

• How far does the katabatic outflow from Terra Nova Bay and/or Adélie Land reach? 
How does the air stream evolve along the path away from the continental ice slopes? 

• What is the vertical structure of the katabatic air stream and what changes take place 
from the continental interior to the coast? 

• What changes in the intensity of the Terra Nova Bay and Adélie Land wind regimes 
occur during episodes of cyclonic forcing? Is the downslope wind always katabatic? 
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iii) Moist Processes and Cyclonic Events 

 
It has long been known that cyclonic disturbances are the primary means by 

which the atmosphere transports heat, momentum and moisture between the middle 
latitudes and the poles. The Southern Ocean is notorious for the frequent and often 
intense cyclonic storms. Farther south, the Ross Sea sector is among the most active 
cyclonic regions about the periphery of Antarctica. A variety of regional scale 
atmospheric processes will be examined as part of RIME. In particular, the evolution of 
moist process associated with cyclone activity will serve as a major theme. Such a study 
has practical implications to the U.S. Antarctic Program activities, since moist processes 
such as fog, low clouds and precipitation events impact logistics. Such events also are of 
importance in understanding the linkage between Antarctica and middle latitude 
atmospheric processes.  

Development of large-scale cyclones in the eastern Ross Sea will be the focus of 
this study phase. The persistence of these cyclones can be inferred from the mean winter 
streamlines in Fig. 2.1, which show a persistent cyclonic circulation in the Ross Sea. 
Strong interaction between marine and continental environments occurs with these 
cyclone events. Often a broad circulation becomes wrapped around Ross Island and the 
moisture transport presents operational forecast difficulties. Horizontal pressure fields 
associated with these developing cyclones act to modulate cold air flows onto the Ross 
Ice Shelf to the south of Ross Island and from West Antarctica, and hence modulate 
strong surges of cold air northward through the Ross Sea corridor. Strong air-sea 
interactions take place to the north of Ross Island during these episodes of cyclonic 
forcing. A primary example is the opening of a large polynya at the north edge of the 
Ross Ice Shelf that appears coupled to the northward cold air surges. There is evidence 
that such polynyas may lead to the production of bottom water, the densest component of 
the oceanic circulation. This phase will also require an airborne observing platform with 
an extended range so as to permit data collection within a 500-km radius of Ross Island. 
Extensive use of satellite imagery and satellite-derived parameters will be essential owing 
to the large areas considered during this portion of the study. 

Questions to be addressed include: 
 

• What is the distribution of cloud and precipitation associated with cyclones in the 
Ross Sea? 

• How are significant weather events such as fog related to cyclone position? 
• What modulations in the vertical structure of temperature and wind occur over the 

Ross Ice Shelf? 
• What variations in moisture and relative humidity are found over the Ross Ice Shelf 

during strong cyclone forcing? 
• What teleconnections exist between strong cyclone forcing in the Ross Sea sector and 

more northerly latitudes? 
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iv) Mesoscale Cyclones  
 
 Mesoscale cyclones are thought to contribute significantly to the precipitation 
falling on Antarctic coastal areas and can be associated with blizzard conditions. In the 
vicinity of the Bellingshausen Sea they may also play an important role in modulating the 
midtropospheric circulation. Mesoscale cyclones form with great frequency in the 
vicinity of Ross Island, as shown by Fig. 2.2. They present a major forecasting challenge 
for McMurdo Station operations during the open water season when advection of moist 
air from the Ross Sea can lead to abundant precipitation and/or fog formation. The focus 
of this study will be on the region to the north of Ross Island in the western Ross Sea. It 
is certain that katabatic outflow from the elevated East Antarctic interior, that issues 
through the glacier valleys near Terra Nova Bay, plays a key role in cyclone formation. 
Resulting cyclones are most intense in the lower atmosphere, are typically of horizontal 
scales of 300 km or so, and are classified as “mesoscale” cyclones. 

Studies of mesoscale cyclogenesis, primarily with surface and satellite 
observations and numerical models, have demonstrated that low-level baroclinicity 
between warm maritime air and cold katabatic air from Antarctica together with weak 
boundary-layer cyclonic vorticity are usually required for these cyclones to form. 
Subsequent intensification requires upper level support (e.g., midtropospheric cyclonic 
vorticity advection) or amalgamation with a pre-existing cyclone. These conditions are 
found with great frequency in the Ross Sea region. Direct sampling of the above-surface 
circulation by aircraft has occurred very rarely. Shortcomings in the performance of 
numerical simulations of cyclone formation and development can be traced in part to 
limited knowledge of the vertical structure and of the atmosphere and underlying surface 
characteristics. This results in poor model initialization. While the formation frequency is 
captured, the intensity of simulated mesoscale cyclones is usually much weaker than 
observed. As Fig. 2.2 illustrates, the ubiquitous katabatic wind activity together with 
frequent upper level support near the center of the midtropospheric circumpolar vortex 
make the Ross Sea/Ross Ice Shelf region ideal for studying mesoscale cyclone formation 
and evolution. 

Onset of mesoscale cyclogenetic events in the western Ross Sea will trigger an 
IOP. It will be necessary to deploy an airborne observing platform to monitor the 
thermodynamic and motion fields in the region to the north of Ross Island to support 
ongoing AWS, satellite and ground-based remote sensing observations. 

Aspects of concern include the following:  
 

• What are the regional airflow patterns when mesoscale cyclones form to the north of 
Ross Island?   

• What role do katabatic winds from Terra Nova Bay play in this phenomenon?   
• What is the interaction between mesoscale cyclones and the northward mass transport 

from the western Ross Ice Shelf? 
• What is the detailed horizontal and vertical structure of mesoscale cyclones? Is a 

boundary layer front a significant feature? What are the characteristic vertical motion 
patterns and attendant cloud and precipitation fields?   

• What role do surface sensible and latent heat fluxes play in development? Does this 
change during the summer season as the regional sea ice cover decays? 
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• What is the impact of upper level support on mesoscale cyclogenesis? Is it always 
required? 

• Do mesoscale cyclones always form over the ocean or are some pre-existing that 
descend from East Antarctica? Typically are there multiple centers in a mesoscale 
cyclone?   

 

 
 
Figure 2.2. Areas of maximum normalized spatial frequency of mesoscale cyclones in 
1991 (from satellite imagery analysis) superimposed on the simulated katabatic wind 
drainage of Antarctica. 
 
b) Local Atmospheric Processes 
 

The topography surrounding Ross Island is highly complex and is an important 
consideration in the meteorology of the area. A nearly continuous stretch of the 
Transantarctic Mountains bounds the Ross Ice Shelf and Ross Sea to the west. 
Formidable obstacles to the northward transport of stable air such as Minna Bluff, Black 
Island, White Island (see Fig. 1.1) and Ross Island itself act to constrain the motion of air 
in the lower atmosphere. An improved understanding of boundary layer and surface 
processes in the Antarctic environment surrounding Ross Island is an essential element of 
RIME. In this environment near surface atmospheric processes have a dominant influence 
on Antarctic weather and climate, as evidenced by the continent wide boundary layer 
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katabatic flow regime. A more complete understanding of Antarctic boundary layer and 
near surface atmospheric processes will have the added by-product of improving 
forecasts for the United States Antarctic Program (USAP) operations. 
 

i)  Boundary-Layer Structure and Transformation 
  
Much of the previous research into the Antarctic near surface atmospheric state 

has focused on regions of katabatic flow, with limited observations of the vertical 
structure of the boundary layer. RIME provides an opportunity to study the near surface 
atmospheric state of the Antarctic in a region of much greater complexity than previous 
studies, and offers the opportunity for improved observations of the vertical structure of 
the lower atmosphere. Key areas for boundary layer and surface process studies in RIME 
include: 
 
• Detailed description of the vertical boundary layer structure (depth, mean and 

turbulent profiles of winds, temperature, and moisture, turbulence sources and sinks) 
• The role of small scale gravity waves on heat, moisture, and momentum transport 
• Improved observations of the time evolution of snow and ice surface properties 

including albedo, thermal properties, and the susceptibility of the surface to the onset 
of blowing snow 

 
Details concerning each of these key topics for research are described below. 
 

(a) Vertical Boundary-Layer Structure 
 
 Only limited observations of the vertical structure of the Antarctic boundary layer 
have been made to date, and the vast majority of these observations are from locations 
over the relatively uniform slopes of the Antarctic ice sheet. The complex topography in 
the vicinity of Ross Island combined with maritime and continental air mass sources 
likely results in the formation of very complex vertical boundary layer structures. An 
observational campaign, employing single site, high temporal resolution boundary layer 
profiling equipment along with a spatial description of the near surface atmospheric state 
can provide a great deal of insight into the processes acting in this potentially complex 
boundary layer environment. In addition, a thorough observational campaign can help to 
document the interactions between the boundary layer and the complex terrain in the 
vicinity of Ross Island. This interaction can have important operational implications by 
locally modifying winds and moisture, possibly leading to hazardous wind conditions or 
fog and low cloud formation. 

(b) Role of Gravity Waves in the Antarctic Atmosphere 
 
 Preliminary analyses of surface flux measurements from Halley, Antarctica and at 
the SHEBA ice station indicate that small scale gravity waves can contribute a significant 
portion to the measured heat, moisture, and momentum fluxes in the stable polar surface 
layer. Simple Monin-Obukhov similarity theory is unable to describe this contribution to 
the measured fluxes, but is often used in numerical models of the stable surface layer. It 
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is also likely that fluxes driven by gravity waves are acting through the entire depth of the 
boundary layer, and possibly into the free atmosphere. Detailed measurements to 
determine the frequency of occurrence and the magnitude of these wave-driven fluxes are 
needed to understand the importance of this phenomenon and to determine if this process 
needs to be represented in numerical models applied to polar regions.  
 
 (c) Snow and Ice Surface Properties 
 
 The thermal and radiative properties of the snow and ice surfaces of the Antarctic 
are in part responsible for the unique lower atmospheric properties observed in this 
region. These surface properties help to determine the surface energy budget, and through 
this mechanism control the surface temperature. Strong radiative cooling of the ice 
surface leads to the formation of the ubiquitous low level temperature inversion over the 
Antarctic continent that is responsible for driving the continent wide katabatic wind 
regime. Differences in the surface properties of fresh snow, aged snow, and bare ice may 
lead to important atmospheric thermal contrasts and attendant atmospheric circulation 
patterns. The details of the surface properties of these different snow and ice surfaces are 
currently not well known. Detailed measurements of these properties in RIME will allow 
for improved specification of surface characteristics in high-resolution numerical weather 
prediction models, allowing for more accurate local scale simulations of the atmospheric 
state. 
 The physical characteristics of the snow pack control the susceptibility of the 
snow pack to redistribution by wind. Periods of intense blowing snow can be hazardous 
to aircraft operations in the Antarctic. Despite the importance of blowing snow on USAP 
operations little is know about the influence of snow pack aging and changes in 
susceptibility of the snow to redistribution by wind. Observations of changes in the snow 
physical properties after snow fall events can help to characterize the changes in the snow 
physical properties and allow for improved modeling and prediction of the onset and 
intensity of blowing snow events. 

For some investigations, it may be also be necessary to characterize basic sea ice 
conditions in the Ross Sea near-shore zone that affect boundary layer conditions and heat 
and moisture transfer. This might include mapping of ice concentration, polynya 
conditions, lead fraction, albedo, and skin temperatures of the ice and sea surface via 
remote sensing means. 
 

 
ii) Local Moist Atmospheric Processes 

 
 Moist atmospheric processes are important from both an operational weather 
forecasting perspective and a basic science perspective. For operational weather 
forecasting, moist processes are responsible for adverse weather conditions associated 
with fog and precipitation, which can often be difficult to predict accurately. In terms of 
basic science, little is known about moist processes in the Antarctic. This lack of 
knowledge is reflected by the fact that even accurate cloud climatologies for the Antarctic 
are not currently available. This limits our ability to accurately represent these key 
processes in numerical weather prediction and climate models, as is discussed below. 
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 Four key topics related to moist atmospheric processes in the Antarctic can be 
identified, and include: 
 
• Satellite cloud detection, 
• Observations of detailed cloud microphysical properties, 
• Fog and low cloud formation and forecasting, and 
• Precipitation formation. 
 

(a) Satellite Cloud Detection 
 
 Accurate cloud detection in the Antarctic is limited by the similar thermal 
characteristics of clouds and the underlying surface. This limits the utility of infrared 
satellite cloud detection methods that are often used for tropical and mid-latitude 
applications. In addition visible satellite image cloud detection is hindered by the high 
albedo of both the underlying ice surface and the cloud elements and the seasonal 
distribution of shortwave radiation necessary for visible satellite observations. 
 With the recent and planned launches of new satellites, such as the Earth 
Observing System Terra and Aqua satellites, providing unprecedented multi-spectral 
satellite observations of the high latitudes, research into the use of multi-spectral satellite 
observations for cloud detection is needed, and should be considered an integral part of 
RIME. Improved cloud detection using satellite data will be of benefit to operational 
weather forecasters for real-time tracking of cloud features, including low clouds and fog, 
numerical weather prediction model validation of cloud fields, and in the construction of 
an accurate Antarctic cloud climatology for climate related studies. In support of these 
goals the following research objectives should be pursued in the context of RIME: 
 
• Develop improved satellite based cloud detection algorithms able to distinguish 

clouds (and fog) from other surface features. 
• Utilize current and planned multispectral satellite observations to determine cloud 

properties including optical depth, cloud particle size, and cloud depth. These satellite 
retrieval methods should be validated with additional cloud observation capabilities in 
place as part of RIME. 

 
(b) Observations of Detailed Cloud Properties 

 
Clouds play a vital role in the climate of Antarctica. In comparison with mid-

latitudes, the radiative importance of clouds is enhanced due to the lower abundance of 
the most important greenhouse gas - water vapor. Recent climate modeling studies have 
emphasized that the radiative and microphysical properties of Antarctic clouds need to be 
treated accurately. There is a need to better understand moist atmospheric processes and 
the radiative effects of clouds in order to improve the performance of regional models in 
the vicinity of the Ross Sea and Ross Ice Shelf. The most important processes to 
understand are (1) the evolution of cloud amount with changing meteorological 
conditions, (2) how the phase, liquid/ice water content, and effective particle sizes of 
clouds vary with air masses of various origins. Although tropospheric and surface 
temperatures in the Ross Sea region are similar to those of some Arctic regions that have 
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been studied in greater detail (e.g., the Beaufort Sea as studied by SHEBA), the unique 
dynamic meteorology of the Ross Sea, Ross Ice Shelf, and Transantarctic Mountain range 
makes it difficult to generalize Arctic findings to this region. To date, there has been 
insufficient research on Antarctic clouds to provide guidance as to the value of ground-
based, in situ (aircraft based), and satellite data for studying cloud-radiation interactions.   
 Given the importance of an accurate understanding of cloud microphysics for the 
representation of cloud properties in numerical models (both NWP and climate models), 
the important role that clouds play for operational considerations of the USAP, and the 
important role that clouds play in modifying both the local and global radiation energy 
budget, a key element of RIME will be to conduct detailed measurements of cloud 
microphysical properties using a combination of in-situ and remote sensing platforms. 
 Key questions to be addressed by the cloud observations conducted as a part of 
the RIME field campaign include: 
 
• What are the aerosol/cloud nuclei characteristics in the pristine Antarctic atmosphere, 

and how do these properties change between continental and maritime air masses? 
• With what frequency do ice, liquid, and mixed phase clouds occur in the Antarctic, 

and what controls the occurrence of these different cloud types? 
• What cloud particle size distributions occur in the Antarctic and how are these 

modified by the potentially unique cloud nuclei concentration in this environment? 
• How do the observed cloud microphysical properties affect both longwave and 

shortwave radiative transfer under cloudy conditions? 
 

(c) Fog and Low Cloud Formation and Forecasting 
 
 Fog and low cloud cover are significant problems for USAP aircraft operations at 
McMurdo Station as well as other field locations in the Antarctic. The difficulty of 
identifying low clouds and fog on satellite images is problematic for remote field-camp 
aircraft operations, and as discussed above improved satellite detection of low clouds and 
fog is needed. In addition to this requirement for operational considerations, an increased 
understanding of fog formation processes in the Antarctic is needed. Specifically we need 
to better understand the synoptic and mesoscale atmospheric settings and boundary layer 
processes that promote fog formation. To further these goals, IOPs leading up to and 
through fog events are needed as a part of RIME. These observations need to characterize 
the atmospheric state on regional, local, and micro scales to allow for detailed diagnoses 
of the fog formation process. Specific questions to be answered regarding fog formation 
include: 

 
• What synoptic and mesoscale atmospheric settings promote fog formation, and are 

these situations well forecast by NWP models? 
• What boundary layer processes aid in fog formation and dissipation? 
• Do changes in the type and concentration of atmospheric aerosols/cloud nuclei alter 

the conditions necessary for fog formation, and do USAP operations alter the 
frequency of fog formation? Can fog dispersal methods be effectively implemented in 
the Antarctic? 
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 (d) Precipitation Formation 
 
 Snowfall events can act to limit aircraft operations in the Antarctic, both due to 
reduced horizontal and vertical visibility during periods of heavy snowfall and by 
reduced visibility due to fresh blowing snow. The precipitation events responsible for 
heavy snowfall events are determined by atmospheric dynamical processes, such as 
mesoscale cyclogenesis and terrain forced atmospheric circulations. Studies of regional 
processes outlined above need to address precipitation distribution and intensity under 
different atmospheric circulation regimes. On the local scale detailed cloud microphysical 
observations may help to clarify the cloud scale processes responsible for heavy snowfall 
events. Key items that could be addressed by a field program such as RIME include: 

 
• What is the distribution and amount of precipitation for different atmospheric 

circulation regimes and how does the complex topography modulate this distribution? 
• Does the unique cloud microphysical properties of Antarctic clouds modulate 

precipitation formation on the microscale? 
• Do NWP models accurately predict quantitative precipitation amounts, and if not 

what are the sources of the model errors? 
• How does fresh snow on the surface age, and what role does this play in determining 

the occurrence of blowing snow? What is the relationship between wind speed, snow 
age, and reduced visibility due to blow snowing? 

 
 
3. Scientific Objectives: Modeling Research 
 

At the Antarctic Weather Forecasting Workshop held at Byrd Polar Research 
Center in May 2000, it was concluded that NWP for Antarctic latitudes has advanced to 
the stage where useful forecasts can be made for several days in advance for most parts of 
the Antarctic continent. In comparison with populated areas of the Northern Hemisphere, 
however, the forecast skill is deficient. Improvement of numerical model simulations has 
important implications in both research and operational settings. A model is the 
instantiation of our understanding of the physical processes of a system. To the extent 
that a model agrees with observations, it represents a confirmation of the physical 
understanding and the techniques used to simulate the physical processes encapsulated in 
the model. To the extent that a model disagrees with observations, it represents evidence 
that either the physical understanding is lacking or the techniques used to simulate the 
physical processes are inappropriate or both. In the case of Antarctica, it is necessary to 
ensure that both the physical understanding of atmospheric processes and numerical 
modeling techniques are sufficient to the task. Field measurements from RIME will 
enable a comprehensive data set for which to evaluate the ability of our models to 
simulate Antarctic weather. Accurate numerical simulations are vital to the successful 
completion of process studies discussed previously. In particular, the role of cyclonic 
events in the Ross Sea in forcing northward fluxes of mass, heat and moisture needs to be 
properly simulated. This will provide another framework with which to compare the 
results of the observational program. 
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a) Data Assimilation 
 
A weakness that was identified during the recent workshop was stated as follows: 

“The current state of modeling in Antarctica does not properly represent the environment 
and is limited in its capability to ingest data.” A major source of the problem is the fact 
that Antarctica is a data sparse region of the world. Figure 3.1 shows the operational 
upper air and surface network over the Antarctic and the Southern Ocean. There are a 
total of 12 radiosonde stations over the entire continent. With the exception of the South 
Pole station, all the radiosonde stations are located on the periphery of the continent. 
Except for a few island stations, there are virtually no upper air stations over the Southern 
Ocean. Also, because of data cut-off times and communication difficulties, not all the 
upper air and surface observations are used in real-time for operational analysis. During 
the Antarctic operational season, data from about 11 upper-air stations and 25 surface 
stations are available in real-time. In the Antarctic winter, considerably reduced numbers 
of upper air and surface reports are available. It is also important to note that upwards of 
70 AWS units report observations on a real-time basis throughout the year that are not 
disseminated via the Global Telecommunications System. 

 

  
 
Figure 3.1. Locations of upper air and surface stations over the Antarctic and Southern 
Ocean. The red open circles are the upper air stations and the blue crosses are surface 
stations. 
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The lack of data over the oceans and remote areas of the Earth greatly contributes 
to the uncertainties of global and regional weather analysis, which in turn limits the skill 
of weather prediction models. The problem is particularly severe over the Antarctic and 
the Southern Hemisphere. To illustrate the uncertainties in global analyses, we show in 
Fig. 3.2 the standard deviation in 500-hPa geopotential height between the European 
Centre for Medium-Range Weather Forecasts (ECMWF) analysis and the National 
Centers for Environmental Prediction / National Center for Atmospheric Research 
NCEP-NCAR) global reanalysis during the period of January 6, 1997 through February 
27, 1997. For the Northern Hemisphere (Fig. 3.2a), the major differences occur over the 
Pacific Ocean, the Atlantic Ocean, and the Arctic regions. The maximum difference is 27 
m near the North Pole. The differences over the continents (i.e., North America, Asia, 
and Europe), where there are significant numbers of radiosonde observations, are much 
smaller. For the Southern Hemisphere, the differences are much more widespread. The 
maximum difference between the two global analyses reaches a value of 50 m over the 
Southern Ocean, and 60 m near Antarctica (Fig. 3.2b). It has been shown that the forecast 
skill of the Antarctic Mesoscale Prediction System (AMPS) for certain events is highly 
dependent on the accuracy of the NCEP AVN global analyses (which are used as the first 
guess for the AMPS initial condition). The need to improve the quality of regional and 
global analyses over Antarctica and the Southern Ocean cannot be over-emphasized. 

 

 
Figure 3.2. Standard deviation between ECMWF analysis and NCEP-NCAR reanalysis 
during the period of Jan. 6 through Feb. 27, 1997 for (a) Northern Hemisphere (left), and 
(b) Southern Hemisphere (right). The contour intervals are not the same between the two 
panels. The red contour designates 24 m for the left panel and 50 m for the right panel.  

 
With the lack of traditional observations over Antarctica and the Southern Ocean, 

and with the difficulty to significantly augment traditional observations, the optimal use 
of satellite data is about the only path available to improve high latitude weather analysis. 
There are several satellites that can potentially be used to improve weather analysis over 
the region. These include the DMSP (SSM/I, SSM/T1, SSM/T2), Quickscat, NPOESS, 
EOS and COSMIC. However, different types of satellite products have different 
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measurement characteristics and different error statistics. Moreover, satellite 
measurements are often taken in non-meteorological forms (i.e., radiance instead of 
temperature). Therefore, to use these satellite products effectively to improve regional 
and global weather analysis is not a trivial matter. Often, retrieval algorithms (either 
physically based or statistically based) have to be applied (and tuned) to derive 
meteorological products from the raw satellite measurements. Also, advanced data 
assimilation systems have to be employed to incorporate these satellite data into 
numerical models. The accuracy of retrieval algorithms and the effectiveness of various 
assimilation strategies over Antarctica and the Southern Ocean have been largely 
untested, as most of the retrieval algorithms and assimilation strategies have been 
developed and evaluated over mid-latitudes. 

An important goal for RIME is to collect the necessary in-situ observations that 
can be used to verify satellite retrieval algorithms, and to assess the effectiveness of 
satellite data assimilation. Specific scientific questions that should be addressed in RIME 
include: 
 
• How accurate are the current satellite retrieval algorithms over Antarctica and the 

Southern Ocean (i.e., NOAA polar orbiting satellites, DMSP satellites, Quickscat, and 
GPS/MET)? How can the algorithms be modified to improve accuracy? 

• What types of data are most important over Antarctica and the Southern Ocean for 
improving the quality of atmospheric analyses? Should an Antarctic-specific model 
be used to provide the first guess fields for Antarctic atmospheric analyses? 

• What is the “optimal mix” of in-situ and remote sensing observations for weather 
prediction and climate analyses over Antarctica and the Southern Ocean? 

• What assimilation system/strategy would be most effective over Antarctica and the 
Southern Ocean? 

 
Some of these scientific questions can be explored by performing a set of observing 
system simulation experiments (OSSEs). However, the ultimate test is to collect suitable 
in-situ observations (i.e., from supplementary soundings) to verify results from OSSEs.  
 
 
b) Parameterization Processes 
 
 Accurate numerical simulations of the atmospheric state, whether for short term 
weather forecasting or longer term climate studies, require an accurate representation of 
all relevant physical processes occurring in the real atmosphere. These include processes 
that occur in the atmosphere that are either too complex or too small in scale to represent 
explicitly in numerical models, and thus need to be represented by physical 
parameterizations. The physical parameterizations in use in the current generation of 
atmospheric models represent turbulence, cloud and precipitation microphysics, radiative 
transfer, and moist convection. In addition, lower resolution models require a 
parameterization of gravity wave drag induced by complex terrain.  

Any improvement in numerical models for the Antarctic will require an improved 
understanding of Antarctic atmospheric processes and the representation of those 
processes in numerical models. This improved understanding of Antarctic atmospheric 
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processes is a key goal of RIME and its associated field program. The two key areas of 
research into model parameterization development for RIME are parameterization 
evaluation and parameterization development. Parameterization evaluation requires 
addressing the following questions: 
 
• Do the observations match our understanding of the key processes? 
• Does the current generation of atmospheric physical parameterizations accurately 

reproduce the observed Antarctic atmospheric state? 
• Do the parameterizations accurately reproduce observed Antarctic atmospheric 

processes and feedbacks leading to the observed state? 
• If not, are there important physical processes that are not included in these 

parameterizations, and how can they be included? 
 
 Any evaluation of model parameterizations requires measurements from a 
carefully constructed observational program. The physical parameterizations used in 
numerical weather prediction models can be evaluated, given appropriate observations, 
using a combination of the following tests: 
 
• Off-line parameterization tests 
• Single column model tests 
• Full (3d) model tests 
 

From a scientific perspective, parameterization evaluation allows us to determine 
if our understanding of atmospheric processes, as represented by the physical 
parameterizations, is complete. By carefully reviewing the results of detailed 
parameterization evaluation studies and analyzing the available observations, new 
parameterizations that better represent our understanding can be developed. The key 
processes which should be addressed in the RIME project, as indicated by the poor 
evaluations of current parameterizations are the linked phenomena of clouds, boundary 
layer development, and surface state. The specific parameterized processes that need to 
be evaluated during RIME are: 
 
• Radiative properties and impacts of clouds, 
• Surface processes affecting the surface energy budget, 
• Turbulent and wave processes that link the atmosphere and underlying surface, and 
• Boundary layer development under statically stable conditions. 
 
 
c) Forecast Sensitivity Studies / Adjoint Modeling  
 

Over the past five years, considerable progress has been made in the development 
and applications of targeted (or adaptive) observation strategy. The basic idea is that the 
short-range forecast of a particular weather system (i.e., a mesoscale cyclogenesis event  
over the Ross Sea area) can be improved through the addition of special observational 
data in a particular upstream area in which analysis errors are estimated to be both likely 
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to occur and likely to grow rapidly. Recent studies on model error growth and 
predictability provide strong support for the idea that a substantial fraction of the error in 
short-range numerical forecast can be corrected by reducing the small fraction of initial 
error that projects onto a few rapidly growing structures that occur in relatively localized 
“sensitive” regions of the atmosphere. Because the sensitive regions can be estimated 
ahead of time using objective numerical methods, targeted observations may be able to 
correct critical errors in the model initial conditions that cause the forecast trajectories to 
deviate from the true atmospheric state.  

As an effort to address the observational sparsity over the North Pacific basin, 
which is a major factor in forecast failures for land-falling Pacific winter storms, the 
North Pacific Experiment (NORPEX) was carried out in January and February of 1998. 
NORPEX collected 700 targeted tropospheric soundings from Global Positioning System 
(GPS) dropsondes in 38 storm reconnaissance missions. In addition, satellite derived 
wind data were extracted from multispectral geostationary satellite images at 6-h 
intervals. Preliminary results from NORPEX data impact studies showed ~10% reduction 
in mean 2-day forecast errors over western North America from the assimilation of 
targeted dropsondes and satellite wind data. For some cases, the local reduction of 2-day 
forecast error was as much as 50%. However, some forecasts are degraded with the 
addition of the special dropsondes or satellite wind data. Overall, the targeted observation 
approach appears to be quite promising, although considerable research is needed to 
improve objective methods used for targeting observations, and to understand the 
structure and dynamics of fast-growing errors that limit the model forecast skills.  

Improving the skill of operational forecast models over the Ross Sea area is an 
important goal for RIME. It is very important to develop and test the targeted observation 
strategy over the Ross Sea area, and to assess its impact on short-range numerical 
weather prediction. Specifically, we need to explore the following questions: 
• How successful are the currently used objective targeting methods over Antarctica 

and the Southern Ocean? 
• What dynamical and physical processes contribute to the downstream impact of 

targeted observations on weather systems over the Ross Sea area? 
• Statistically, what types of observations over what regions would have most impact 

on forecast skill over the Ross Sea area? 
• What is the optimal “mix” of in-situ and satellite observations needed to improve 

model prediction over the Ross Sea area? 
 

 
d) Model Intercomparison  
  

It is impossible to validate the performance of a numerical weather prediction 
model in the mathematical sense. NWP is inherently an ill-posed problem with poorly 
defined initial and boundary conditions, sparse data for evaluation purposes, and multiple 
spatial and temporal scales of motion. While parts of a NWP system can be shown to be 
mathematically valid (e.g., data ingest routines, advection and diffusion numerical 
solvers), other parts can only be checked for realism (e.g., data assimilation, 
parameterized physics). Ultimately the only way to evaluate an NWP model is by 
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comparison of its forecast conditions with those observed. For this reason, the first step in 
evaluating an NWP model consists of checking model performance under idealized 
situations. In these situations it may be possible to establish the proper solution by simple 
models. The second step is to evaluate the NWP model by performing a well-studied test 
problem. Finally, the model performance is checked against those problems that have 
proven difficult for other systems in the past. 

The evaluation is just the first step in improving our knowledge and modeling 
capability. To the extent that a model diverges from the actual events, it indicates either a 
weakness in our understanding, our numerical implementation, or our data that can guide 
further research. The specific improvements cannot be fully identified until the evaluation 
is complete, however we can identify areas that we expect will require improvement such 
as surface properties, surface energy, moisture, and momentum fluxes, and cloud 
microphysical and radiation parameterizations. Strengths and weaknesses of model 
structures, numerics and parameterizations can be assessed side-by-side. The utility of 
model intercomparisons is greatly enhanced if the models operate under the same 
external constraints and use data-rich case studies such as will be obtained during RIME. 
 A well-coordinated model intercomparison project can help speed model 
development and improvement. The goals of a model intercomparison project are to 
identify problems common to all models (or a subset of models) and to identify biases in 
each model to allow for more informed operational use of those models. In addition, by 
fostering collaboration between a number of modeling groups it is hoped that more rapid 
model development and improvement can be achieved. 
 There are a number of requirements for a successful model intercomparison 
project. First, all of the models should be configured and forced in as similar a manner as 
possible. This requires the use of the same model initial and boundary conditions for all 
of the models. Also the resolution and domain size of each model should be as similar as 
possible to allow for the easiest identification of the source of differences in the 
simulation results. 
 A second requirement for a successful model intercomparison project is that a 
high quality observational data set be available for evaluation of the simulations. The 
observational data must be thoroughly quality controlled and checked for errors prior to 
use in the model intercomparison project. The data set must also include a range of 
observations to allow for as broad an evaluation of the model simulations as possible. A 
project such as RIME, which will collect a large amount of atmospheric observational 
data, provides an ideal opportunity for a successful model intercomparison project. The 
observational data from RIME will allow for model evaluation of standard atmospheric 
variables, as well as process-oriented variables such as the components of the surface 
energy budget. The observational data from RIME will also be necessary to provide the 
best possible initial and boundary conditions to the participating models. 
 Third, a wide range of models should be sought to participate in the 
intercomparison project. Models with differing model dynamics, physics, numerics, and 
grid structures should be sought. By including a range of models it may be possible to 
identify certain model configurations that are most appropriate for use in Antarctic 
numerical weather prediction, and can highlight areas that require additional model 
research and development. 
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 Fourth, the intercomparison project should include a large number of cases for 
comparison to allow for statistically significant model evaluation and to allow for 
evaluation of the models under a number of different atmospheric regimes. This should 
include a representative range of conditions, including severe weather. Case study 
periods, when intensive observations are available, can serve as a starting point for the 
model intercomparisons and can allow for more detailed evaluation and diagnostics than 
would be possible for other time periods. 

Fifth, the model evaluation must go beyond qualitative comparisons of the 
different models and should include the use of well-understood uni- and multi-variate 
statistical analyses. The analysis should focus not only on differences between the models 
but also the source of these differences. Evaluation of the relationship between multiple 
model variables is essential, and allows for a determination of whether or not the models 
handle feedback processes correctly. By conducting a detailed analysis of the simulations 
it is expected that problems in some or all of the models will be highlighted and serve as 
a focus for future model development. 
 Some questions that can be addressed by the model intercomparison project 
include: 
 
• What data sets should be used and how should they be assembled? 
• What level of complexity is required in the representation of physical processes that 

are not handled well by the models (or a subset of the models)? 
• Are certain model configurations better suited for Antarctic numerical weather 

prediction? 
 
   
4. Experimental Design  

The Ross Island area is an active region for the development of weather systems 
that affect the Antarctic continent. Knowledge of how cyclones develop in this area is 
critical to our ability to forecast weather. It is also crucial to fully understand the physical 
processes that make Antarctic weather unique. The Ross Island area is an ideal location 
for studying these processes. Air masses from many different geographic areas combine 
here to create weather, including katabatic winds from the high plateau, marine air from 
off the coast of Antarctica, and air overlying the Ross Ice Shelf (Fig. 4.1). As a result, 
diverse weather events occur in this area, including fog and severe wind, which greatly 
impact logistical operations in the area and around the continent. Understanding the 
complex interactions and processes that occur in this area is one of the primary goals of 
the experimental plan of RIME. 

There are currently few data sources by which to test and validate numerical 
models of the Antarctic atmosphere. As mentioned above, accurate parameterizations 
must be developed from real data that pertain to the physical processes acting in the 
Antarctic. Many of these processes are unique to the Antarctic, including the extremely 
cold and stable boundary layer and the influence of katabatic outflow from the polar 
plateau. In addition, the microphysical properties of Antarctic clouds, including CCN 
(cloud condensation nuclei) and IN (ice nuclei) concentrations and composition, are 
probably different than those in the Arctic because of the extremely cold and dry air that 
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forms over the plateau. Therefore, numerical models for the Antarctic atmosphere cannot 
simply rely upon parameterizations that were constructed using data from different 
locations, even the Arctic. 

 

 
 
Figure 4.1. Infrared satellite image from NOAA-16 showing primary regions of katabatic 
flow onto the Ross Ice Shelf. The gray streaks (in the lower central portion of the image) 
show warm, adiabatically compressed air flowing off the Antarctic Plateau and out over 
the Ross Ice Shelf. McMurdo Station is located on Ross Island. 
 

Because of the lack of data from the Antarctic, even the most basic 
meteorological measurements are needed, especially vertical profiles of temperature and 
humidity. It is of particular importance to understand how meteorological and cloud 
properties change in space and time as cyclonic storms develop. Specific processes need 
to be measured and examined, including the planetary boundary layer and intermittent 
turbulence, the inclusion of explicit microphysics for the full range of Antarctic cloud 
types, correct prediction of cloud macrophysical processes such as cloud fraction, and the 
proper representation of shortwave and longwave radiation. Despite their importance to 
numerical modeling, there have been few studies since the International Geophysical 
Year in 1957 that have reported on the properties of Antarctic clouds, and these have 
primarily described clouds over the interior of Antarctica. Proper representation of clouds 
and radiation are critical to the development and maintenance of mesoscale cyclones. 
Because of this, RIME will focus on performing process studies at the local scale using a 
few heavily instrumented sites, and regional studies using primarily aircraft and satellite 



 

 25

observations. Airborne data collection is considered vital to RIME since it will be the 
only means to sample the high resolution vertical structure of the atmosphere over large 
distance scales. 

Satellite validation is important to RIME because of the need to extend 
measurements made at a few locations to the entire Antarctic continent. Specific attention 
will be paid to validating the retrievals of temperature and humidity profiles, as well as 
cloud properties. Satellite data and satellite-derived products are important not only 
because of Antarctica’s remoteness, but because of an increasing reliance on all available 
satellite data for weather forecasting. The measurement strategy for RIME needs to 
address the creation of validation data sets for improving both numerical models and the 
interpretation of measurements from satellites. The strategy should also present a 
coherent plan for direct data assimilation into forecasting models. 
 
a) RIME Study Areas 
 

Acquisition of data for the Antarctic atmosphere as part of RIME will require an 
experimental approach that relies on existing facilities already in Antarctica, as well as 
the addition of new state-of-the-art instrumentation. Various measurement platforms will 
be utilized, including ground-based instrumentation at existing stations and the use of 
research aircraft for intensive observation periods. 

The Ross Island area is an ideal location from which to stage a major field 
program. McMurdo Station has the best logistics of anywhere in Antarctica and is the 
hub of all operations and science activity in Antarctica that is conducted by the USAP. 
One underlying theme behind RIME is the emphasis on increasing collaboration between 
weather forecasters at McMurdo Station and scientists and computer modelers.  

RIME is a program that involves international collaboration. In addition to 
McMurdo Station, Terra Nova Bay Station, which is operated by the Italian Antarctic 
Program, has been identified as being a crucial measurement site for RIME, primarily 
because of the katabatic outflow in this region. In addition, the French operate a coastal 
station at Dumont d’Urville, which is further north and west of Terra Nova Bay. The 
Italians and French are operating a station on the polar plateau called Dome Concordia, 
which should be open year-round in 2003 or 2004. The scientific activities at all of these 
stations, including the U.S. station at South Pole, will make important contributions to the 
RIME experiment. The locations of these five Antarctic stations define the “RIME 
regional study area” (Figs. 1.1 and 4.2). These five stations are subsequently referred to 
as the “RIME baseline stations”. The regional study area focuses on utilizing existing 
instrumentation at these stations, as well as instruments that are already planned for the 
future. 

For the purpose of the Ross Island Meteorology Experiment, the “RIME local 
study area” is defined as the region within an approximately 100-km radius of McMurdo 
Station. This includes the regions surrounding Minna Bluff, Black and White Islands and 
the Ferrell AWS site (Fig. 4.2). This area experiences many of the phenomena that RIME 
will address, including significant influences from both marine air masses and katabatic 
flow. Ferrell was selected as a potential site for a field camp known as the RIME 
Supersite because of its close proximity to McMurdo (for easy logistics) and because it is 
only influenced slightly by topographic forcing being situated away from the 
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Transantarctic Mountains. This will enable a highly stable surface boundary layer to 
develop. Measurement of fluxes under such conditions will permit evaluation of current 
surface layer parameterization schemes. 

 

 
 
Figure 4.2. Map showing the local and regional study areas for the Ross Island 
Meteorology Experiment (RIME). McMurdo Station and the Ferrell AWS site (RIME 
Supersite) represent the local study area. McMurdo Station, Terra Nova Bay, Dumont 
D’Urville, Dome C, and Amundsen-Scott South Pole Station are the five baseline stations 
for the RIME regional study area. 

 
b) RIME Study Periods 
 

To properly capture the temporal scales that are relevant for understanding 
physical processes, as well as mesoscale cyclogenesis, RIME will focus on time scales of 
1 to 2 weeks. Two field programs will be executed, both of which will occur during 
seasonal transitions because of their importance to cyclogenesis and previously 
documented links to more northerly latitudes. The initial RIME field season (Phase I) will 
be performed during the austral summer-to-fall transition in 2005/2006. This will be 
followed by an 18-month period of data analysis and experiment evaluation, when 
preliminary results and improvements to the experiment can be identified. Phase II will 
be performed during the austral spring-to-summer transition in 2007. Measurements will 
be conducted throughout each field season at the remote site. IOPs will be conducted 
periodically during each field season to document the impact of cyclone forcing, etc. At 
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such times, 3-hourly upper air soundings will be conducted to support ongoing airborne 
missions. 

 
First field season (RIME phase I) - December 2005 – March 2006  
 
Data Analysis and Experiment Evaluation - March 2006 – September 
2007  
 
Second field season (RIME phase II) -  September 2007 – December 
2007 
 
 

c) Measurement Requirements 
 

i) Existing Instrumentation 
 
Some measurements are already being made routinely on the regional scale. 

Radiosondes are currently launched at least for part of the year at four out of the five 
baseline stations (McMurdo, South Pole, and Dumont D’Urville – year-round, Terra 
Nova Bay – austral summer). Plans are underway to start a radiosonde program during 
the austral summer at Dome C before Phase I of RIME begins. The summer seasons for 
Terra Nova Bay, Dumont d’Urville, and Dome C will overlap somewhat, but not entirely, 
with the proposed field seasons for RIME. Therefore during RIME, it will be necessary to 
supplement the existing radiosonde programs with additional sonde launching 
capabilities at another station. Personnel at McMurdo, South Pole, and Terra Nova Bay 
issue multiple synoptic and METAR reports of local weather conditions several times per 
day. There is also the possibility of obtaining weather reports from remote field camps 
that are sent to McMurdo via hand-held radio communication.  

There is also an extensive, international network of AWSs. The University of 
Wisconsin-Madison maintains and extensive array of AWSs in the McMurdo area and on 
the Ross Ice Shelf. Most likely, additional deployments of next generation AWSs and 
some redeployment of current units will be necessary. In addition to the U.S AWSs, the 
Italians operate a network near Terra Nova Bay. In addition, there is the possibility of 
acquiring data from the Automated Geophysical Observatories (AGO) stations around 
Antarctica. Other meteorological data are currently available from ship and buoy reports.  

Instrumentation at South Pole and Terra Nova Bay may be useful for RIME. 
NOAA’s Climate Monitoring and Diagnostics Laboratory (CMDL) operates one of their 
baseline stations at South Pole, measuring temperature and humidity on an instrumented 
tower, upward and downward shortwave and longwave broadband fluxes, a micropulse 
lidar (in collaboration with NASA) and sampling of various greenhouse gases. At Terra 
Nova Bay, an instrumented meteorological tower and a Sodar (being tested in 2001/2002) 
is in place at Terra Nova Bay. A VHF radar with a radio acoustic sounding system 
(RASS) has also been proposed for that site. A similar system has been proposed for 
Dome C. 
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Figure 4.3. Picture of the current Ferrell automatic weather station site (77.9°S, 
170.8°E, 45 meters in elevation) on the Ross Ice Shelf (Figure 4.2). This is a proposed 
site for establishing a field camp for RIME, the so-called “RIME Supersite”. 

 
Satellite data already play a key role in forecasting in Antarctica, even though the 

data have not been properly validated for Antarctic conditions. McMurdo currently has 
the capability to access (in real-time) NOAA series (AVHRR, AMSU, HIRS), DMSP 
series (SSMI, OLS), SeaWiFS, ERS-1/-2, RADARSAT, QuikScat, and Landsat 7 data. 
There is currently a proposal to install a ground-station at McMurdo that will receive 
EOS data including MODIS and possibly AIRS data. 

 
ii) New Measurement Priorities 

 
The primary experimental goal of RIME is to study various processes that are 

unique in the Antarctic atmosphere. To achieve this goal, it will be necessary to make 
new measurements from both the ground and from aircraft. These will be measurements 
in addition to those being made routinely in Antarctica. Local processes will be studied 
by deploying instrumentation at the RIME Supersite field camp at Ferrell. The particular 
processes that will be studied at Ferrell are the interactions of the stable boundary layer 
with katabatic flow and cloud-radiation processes. Regional processes will be studied by 
relying on existing measurements from the five baseline stations and the deployment of a 
research aircraft with the comprehensive measurement capabilities of the NCAR C-130 
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or HIAPER, as well as other aircraft such as UAVs and/or an instrumented Twin Otter 
that are capable of providing basic atmospheric measurements. 

 
(a) Local-scale Measurements 

 
The measurement strategy for the RIME Supersite site is to make basic 

measurements of meteorological parameters (pressure, temperature, humidity, wind 
speed and direction) and the surface radiation components, both shortwave and 
longwave. The daily precipitation and the cloud fraction will be monitored, as will the 
characteristics of the snow surface (density and snow grain size). Vertical profiles of 
temperature and humidity will be measured throughout the troposphere, but with an 
emphasis on the boundary layer. Turbulent and heat fluxes will also be measured in the 
boundary layer. In addition, the macrophysical and microphysical properties of clouds 
will be measured using ground-based remote sensing. Table 1 lists potential instruments 
that could be deployed to measure these quantities. 
 
Table 1. Quantities to measure throughout the Ross Island Meteorology Experiment 

(RIME) and potential instruments for making these measurements. 
Quantity to measure 
 

Potential Instrumentation 

Meteorological parameters 
 

Next-generation AWS, PAM 

Surface radiation budget 
 

FLUX-PAM 

Precipitation 
 

Snow gauges 

Surface snow properties Snow density kit, photomicrography, 
Polar-AERI 

Vertical profiles of T and H2O 
 

NCAR GLASS, Polar-AERI, instrumented 
aircraft, meteorological tower, tethered 
balloon 

Turbulent and heat fluxes 449-GHz wind profiler with RASS,  
NCAR Integrated Surface Flux Facility 

Cloud properties All-sky camera, cloud radar and lidar, 
Polar-AERI 

Boundary-layer winds 449-GHz wind profiler with RASS, sodar 
 

 
(b) Regional-scale Measurements 
 
During the entire duration of RIME, there will be routine and continuous 

observations made from various platforms over the regional study area, particularly 
automatic weather stations and radiosondes from the baseline stations. During the two 
field phases, there will be IOPs to observe specific phenomena, such as during episodes 
of cyclonic forcing. The most significant planned activity for expanding measurements to 
the regional scale is the use of aircraft. In addition to the research aircraft, RIME will 
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deploy Next Generation AWS in a network of carefully chosen locations in the RIME 
regional study area. The availability of EOS-series satellite data via direct downlink at 
McMurdo, including MODIS data, will also be utilized during RIME. 

It is imperative to utilize an airborne observing platform that has a range of at 
least 1000-km. Existing research aircraft such as the NCAR C-130 or the new HIAPER 
platform will be required to complete goals of the process studies alluded to previously. 
With the aircraft based in McMurdo, it should be possible to fly science missions to 
sample the atmosphere under a variety of synoptic conditions, as long as the weather in 
McMurdo is adequate for landing, and if alternative landing sites are identified. 
Consideration will also be given to development of a data acquisition system for use 
onboard the Twin Otter aircraft. This would consist of a PC-based data logger that would 
record various state parameters already measured from existing instrumentation on the 
Twin Otters. Operational helicopters might also be outfitted with “helipods”, which 
measure meteorological parameters and boundary layer turbulence. The use of a 
remotely-controlled unmanned aircraft, such as the Aerosonde, is also being considered. 
A significant advantage of an unmanned research aircraft is the ability to operate in 
conditions that would be hazardous for manned aircraft thus allowing sampling of the 
atmosphere during stormy periods of interest for RIME 

Data from the research aircraft, and from satellites, will be essential for 
extrapolating point observations at ground sites to the regional scale. Table 2 lists some 
of the potential measurements that a research aircraft might make. 

 
Table 2. Quantities to measure from a research aircraft during the Ross Island 

Meteorology Experiment (RIME) and potential instruments for making these 
measurements. 

Quantities to measure Potential Instrumentation 
Atmospheric meteorological parameters 
(especially vertical profiles of T and H2O) 
 

In-situ sensors for P, T, and U; dropsondes 
for vertical profiles 

Mean and variances of winds; turbulence 
 
 

Wind gust probes 

Upward and downward shortwave and 
longwave radiation within cloud systems 
 

Pyranometers and pyrgeometers 

Cloud microphysical properties (LWP, 
IWP, sizes, shapes, phase) 
 

Aerosol and particle probes, NCAR 
Multichannel Cloud Radiometer (MCR) 

 

d) Forecasting Support of Field Operations 
 
Throughout RIME, there will be close interaction between the operational 

weather forecasters, scientists, and modelers. There will be requirements to have specific 
support from weather forecasters for the observation field camp at the RIME Supersite 
and in helping to determine when IOP periods should begin and end. Interaction of 
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operational meteorologists with field participants is critical in each phase of RIME. The 
need will heighten during field operations with frequent data exchange required from the 
operational staff. This requirement of weather data for field science support is not 
unusual but may be more extensive than previous science support missions. Required 
information may include observational data information, forecasts for the field camp at 
the RIME Supersite, and assistance in determining IOP periods that will be ideal for 
aircraft missions. The requirements to have specific support from Mac Weather will be 
outlined and prearranged to assist with support issues. An added benefit of direct 
operational support will be realized during this phase of RIME. As in all phases, 
operations will benefit from this experiment with actual products, forecasts and other 
special observations made during RIME on the continual, field, and intensive observing 
periods. This increase in data and support may prove to be of help to the forecasters in 
real-time and assist in finding products/equipment that could benefit operations in future 
years. 
 
 
5. Organizational Aspects 
 
a) Activities and Timelines 
 

i) Pre-RIME (PRIME)  (June 2003 – June 2005) 
 

A series of initial studies will be completed before the actual field studies 
associated with RIME will be initiated. This initial study, known as Pre-RIME or 
PRIME, is aimed at refining the specific design of the field experiment and to complete 
initial instrumentation specification and testing. There may be some limited field work 
associated with PRIME. Among the tasks that need to be addressed include field testing 
of profilers, development of a data acquisition and display system for use on the Twin 
Otter aircraft, and final specification of the local and regional arrays of AWSs. Each will 
be discussed. 
 There is some concern regarding the performance of the 915-GHz and 449-GHz 
systems under conditions such as seen near McMurdo. Side-by-side field comparisons 
may be required at McMurdo before deployment to the RIME Supersite. Similarly, the 
NCAR C-130 or HIAPER are the airborne platforms of choice for most of the desired 
measurements, although it is necessary to face the realization that deployment may not be 
possible or availability may be limited. Questions remain regarding year-round access for 
wheeled aircraft and potential deployment difficulties since the NCAR C-130 has never 
been used to conduct Antarctic research. HIAPER is an attractive option but will need to 
be based out of New Zealand. Regardless of these concerns, there will still be a need for 
additional airborne instrumented platforms such as UAVs or instrumented Twin Otters. 
Both of these options cost less than the NCAR aircraft although the suite of on-board 
instrumentation and range (in the case of Twin Otters) is limited compared to the NCAR 
aircraft. 

Currently, the Ross Island region contains the highest density of AWSs in all of 
Antarctica. The current array will be supplemented with deployment of the next 
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generation AWSs as well as redeployment of existing units. Deployment details await 
analyses of ongoing and future AWS studies and results from numerical modeling 
programs, including the operational AMPS modeling initiative. 

The modeling effort also will require additional research prior to RIME field 
studies. In particular, analysis and validation of the extensive archive of AMPS 
simulations will be completed. Model studies will also enable identification of significant 
events and an examination as part of the physical process studies addressed previously. 
Preliminary studies will also be aimed at improving the model assimilation and 
initialization. Incorporation of non-traditional data sources, such as the AWS network 
and satellite-derived products, will be explored. Relevant satellite algorithm 
developments related to RIME objectives and early phases of instrumentation testing and 
development will also proceed. PRIME is scheduled to begin as early as January 2003 
and continue until the boreal summer of 2005. A workshop will be held in the early 2005 
to finalize plans for instrument deployment and measurement strategy for Phase I of 
RIME.  

 
ii) RIME Phase I  (Field Study December 2005 – March 2006) 
 
The first field campaign in RIME will take place during the 2005-2006 austral 

summer season. Phase I will focus on the austral autumn time frame and the field season 
will run from December or early January until the end of February or later, if possible. 
The major field deployment will be the establishment of the RIME Supersite near the 
present Ferrell AWS unit, approximately 100 km east of McMurdo. This facility will be 
the focal point for local studies of the surface energy budget, cloud microphysics and 
radiation and measurement of the vertical profiles of key atmospheric variables. 
Preliminary planning suggests that both a 32-m instrumented tower and tethered balloon 
should be housed at this site. Measurements at the tower will include the usual state 
parameters of pressure, wind, temperature, and humidity as well as direct measurements 
of turbulent fluxes of heat, moisture and momentum. Radiometers will be required to 
monitor both direct and indirect solar radiation and upwelling and downwelling longwave 
radiation. The tethered balloon will allow for vertical profiles above the height of the 
tower. The atmosphere will be remotely sensed with both RASS and SODAR to resolve 
the fine scale vertical structure of wind and temperature in the lower atmosphere. The 
RIME Supersite will be manned continuously throughout the entire field portion of the 
campaign. Results from this site are critical for both the model parameterization and local 
process studies. 

Regional studies will also be conducted during Phase I. As previously described, 
emphasis will be placed on airborne sampling using an instrumented platform such as the 
NCAR C-130. This facility carries an impressive array of instruments that would be 
ideally suited for RIME. The NCAR C-130 has a range of over 5000 km and a maximum 
operating altitude of approximately 8 km, more than sufficient for the tasks specified 
previously. Aside from the usual atmospheric state parameters, the C-130 has a full array 
of cloud physics instrumentation, radiometers and air chemistry instrumentation. Of 
interest is the Scanning Aerosol Backscatter Lidar (SABL). Extensive airborne remote 
sensing of the atmosphere is possible with this facility. SABL enables near-instantaneous 
observations of circulation features of the lower atmosphere. The C-130 platform has 
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been used successfully in previous boundary-layer and air-sea interaction studies. A 
request will be made to have the C-130 on site for an extended duration during Phase I. A 
total of 120 research flight hours will be requested, assuming a one-month window at 
McMurdo. Flight hours would be evenly distributed between missions to establish the 
background state of the regional circulation and terrain forced motions and those to 
examine modulation of the background features during individual IOPs associated with 
cyclonic events. UAVs such as the Aerosondes currently being tested in the Arctic may 
provide a relatively low-cost and low-risk option for extending and complementing the 
C-130 flights. Such UAVs could potentially augment the C-130 operations by flying in a 
wider range of conditions, and by deploying multiple UAVs concurrently in different 
portions of air masses or weather systems. 
  
 

iii) RIME Analysis Phase  (March 2006 – September 2007) 
 
 Following the Phase I field campaign, an 18-month window has been set aside for 
analysis of the data from both regional and local studies. Such analyses are considered 
necessary prior to embarking on the final field campaign. There exist questions pertaining 
to the spatial variability of low level circulation features such as the broad, northward-
moving air stream. The initial array of AWSs and position of the RIME Supersite will be 
predicated on previous work and model analyses as part of PRIME. Based on data 
collected, redeployment of certain AWS units and/or the RIME Supersite may be 
necessary. Similarly, the extensive data set collected by instrumented airborne platforms 
needs to be examined to ensure that optimal sampling strategies are in place for the final 
RIME field campaign. If necessary, flight patterns for Phase II will be adjusted to capture 
more adequately the topographic modulation of circulation patterns or more completely 
sample key locations in the Ross Sea sector. 
 A workshop will be conducted to share analysis results and to plan for the 
upcoming Phase II field program early in 2007. 
 

iv) RIME Phase II  (Field Study September – December 2007) 
 
Phase II is the second field campaign in RIME and will take place early during 

the 2007-2008 season. This field campaign will focus on the austral springtime period 
from as early in the year as deployment is possible until December of 2007 or early 
January 2008. It is anticipated that late winter conditions will be prevalent including a 
very stable boundary layer at the RIME Supersite, active katabatic drainage off the high 
plateau and frequent cyclone formation in the Ross Sea. It will be important to reestablish 
the RIME Supersite quickly to collect as much data as possible for the highly stable 
surface layer. Phase II will allow measurement of turbulent fluxes under very stable 
conditions. Such measurements are considered vital to the modeling research discussed 
previously. Data collected will allow verification of the suite of currently used 
parameterization schemes in numerical models and, if necessary, permit reformulation of 
the surface energy budget.  

Instrumented aircraft will also be utilized during Phase II to examine details of the 
late winter circulations. Flight strategies will tentatively follow the Phase I plan with both 
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background and specific case study missions flown. Background studies under tranquil 
synoptic situations will allow measurements of the flow off the continental plateau at 
both Siple Coast and Byrd Glacier. This will enable comparison with results collected 
during Phase I. Characteristics of the broad air stream over the Ross Ice Shelf will also be 
monitored during Phase II to infer the sensitivity of this feature to the time of year. 
Studies of mesoscale cyclogenesis over the Ross Sea adjacent to Terra Nova Bay and 
possibly Adélie Land will be made using the airborne platforms. In particular, strong 
wind conditions with cold, katabatic outflow over both Terra Nova Bay and Adélie Land 
will be monitored by AWS and satellite imagery. Flights will be conducted to sample the 
mesoscale cyclones that will form in the offshore environment. Similar to Phase I, 
modulation of the background state will be investigated using the airborne platforms 
during conditions of cyclonic forcing. Flights will be conducted over broad regions 
surrounding Ross Island and extending southward along the Transantarctic Mountains to 
examine the changes in intensity and depth of the northward moving air stream, patterns 
of moisture transport and the response of the environment on the continental plateau. 
Requests will be made for a one-month window of opportunity with the NCAR aircraft 
for approximately 120 research flight hours. Discussion is underway regarding logistics 
of the aircraft deployment. It is expected that deployment of the NCAR C-130 may be 
difficult early in the season for the Phase II field campaign. An alternate strategy being 
examined is to operate the new HIAPER out of New Zealand. The aircraft has the range 
to conduct extensive Antarctic missions and return to New Zealand. Use of HIAPER for 
Phase II would in all probability be a logistically simpler solution. The wealth of onboard 
instrumentation and remote sensing capabilities makes HIAPER an attractive solution. 
The NCAR aircraft, whether C-130 or HIAPER, will be supplemented by a series of 
flights conducted by the Twin Otter and/or UAVs to examine the local topographic 
interactions near Ross Island.  

 
v) Final Analysis  ( January 2008 – June 2010) 

 
 RIME will conclude with a two and a half-year period of analysis. Dissemination 
of results from RIME will be made using special editions of journals such as Monthly 
Weather Review, Journal of Geophysical Research or other appropriate journals. 
Dedicated sessions at upcoming conferences will also be considered as a way to present 
results from RIME to the broader scientific community.  
 
 b) Management Aspects 
 
 The scientific and coordination oversight for RIME will be vested in a Scientific 
Steering Committee (SSC) whose members will be RIME Principal Investigators (PIs) 
and who will be anonymously elected by all RIME PIs. The term of office will be two 
years, and a second successive term can be sought from the RIME PIs. The chair will be 
selected by the members of the SSC, and will have a single two-year term. The SSC will 
set the overall scientific direction of RIME, consistent with this Science Plan. It will not 
be involved as a body in deciding which projects are supported for funding, as this is the 
responsibility of NSF or other participating agencies via the normal peer review process. 
However, the SSC may voice the opinion that effort in a particular topic area is deemed 
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essential for the success of RIME. The SSC will be involved in the planning for the field 
seasons so that maximum effectiveness of the fieldwork will be achieved. Special 
observing periods and optimum usage of in-demand facilities will be aspects considered. 
The SSC will monitor the scientific progress of RIME and initiate project science 
meetings and coordinate publications. 

For a project as large and complex as RIME with a significant amount of 
fieldwork, a small project office is needed. This should entail a fulltime administrative 
assistant whose tasks will include being the interface between Raytheon Polar Services 
and the PIs for all fieldwork questions, coordinating all reports to NSF, and 
communicating with PIs by email and by maintaining a RIME web page. Other duties 
will be to organize all project meetings, facilitate coordinated RIME publications, 
provide administrative support to the SSC, and prepare publicity for RIME in the form of 
brochures, etc.  
 
 c) Budget 
 
 Specific hardware requirements exist for both regional and local RIME studies. 
Local process studies will be centered near Ross Island and the  RIME Supersite remote 
camp near the current Ferrell AWS. To maximize efficiency and lower cost, the goal will 
be to utilize existing instrumentation as much as possible. In particular, requests will be 
made to the Atmospheric Technology Division (ATD) of NCAR to request several of 
their observing systems. The NCAR C-130 or HIAPER, vital for the regional scale field 
study experiments, will be aggressively pursued. Other possible packages include the 
Integrated Surface Flux Facility (ISFF) and the Tethered Atmospheric Observing System 
(TAOS) for the local studies. The ISFF permits direct measurement of turbulent fluxes of 
momentum, sensible and latent heat and radiation along with standard meteorological 
variables. TAOS is a new facility that provides measurements of state variables up to a 
height of 1 km. 
 
 i) Local Studies 
 
 A list of instrumentation to be deployed at the RIME Supersite is provided with a 
cost estimate. 
Instrumentation 
 

Cost 

Radiosonde hardware $75,000
Radiosonde expendibles - 2x/day for 3 months (sondes, balloons) $25,000
Next-generation AWS (5 @$15,000) $75,000
Tower (32-m) $20,000
Tower Instrumentation- wind, temperature, humidity – 5 levels  $20,000
Sodar, RASS system $100,000
Snow gauges $1,000
Snow density kit, photomicrography, Polar-AERI TBD
NCAR GLASS, Polar-AERI TBD
449-GHz wind profiler with RASS,  TBD
All-sky camera, cloud radar and lidar, Polar-AERI TBD
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 ii) Regional Studies 
 

Both the NCAR C-130 and HIAPER platforms are ideal and will satisfy all 
measurement requirements of the regional phase of RIME. Deployment costs for either 
the C-130 or HIAPER will be borne by NSF since the facilities are part of the 
deployment pool. Alternatives need to be pursued in case either NCAR aircraft cannot be 
obtained or if limited access is provided. In addition, if year-round access for wheeled 
aircraft is not possible, alternate strategies are necessary to allow sufficient airborne data 
collection. On alternative currently being investigated is operating HIAPER out of New 
Zealand. This facility has the range and speed to allow field work over Antarctica and yet 
maintain a base of operations at New Zealand. It is estimated that HIAPER could reach 
research targets to over the Ross Sea in as little as three hours, leaving at least six hours 
of research before the subsequent three-hour return trip back to New Zealand. Such a 
possibility will simplify the logistics that would be required for wheeled aircraft in 
Antarctica, especially during the Phase II field study during austral spring of 2007. UAVs 
provide another alternative. Continued development and testing is encouraged, including 
implementation of additional instrumentation. Such work is presently underway as part of 
NSF’s Long-Term Observations and Modeling program. Twin Otters provide another 
potential platform. Development of a data acquisition system for use on the Twin Otter 
class of aircraft will be required. Delivery of such a product and demonstrated application 
in the field are required before Phase I. The data system will be designed for use onboard 
any of the Twin Otter aircraft currently operated in support of the United States Antarctic 
Program. Requirements for such a data system include light weight, small footprint for 
portability, easily mountable within the standard Twin Otter configuration, and user-
friendly operation. Real-time display will permit multiple parameters to be monitored 
simultaneously with a wide range of formats. Atmospheric variables to be measured as 
part of this initial effort include temperature, pressure, wind as derived from the inertial 
navigation system, radar altitude, and various navigational parameters including latitude 
and longitude from the Global Positioning System. The data system will have the 
capability of supporting widely diverse user-supplied instrumentation. Development of 
such an airborne meteorological research platform is considered to be essential for future 
studies of Antarctic processes. 

Additional next generation AWSs will be required to monitor surface conditions 
at extended distances from Ross Island. Cost estimates for the regional study: 

 
Instrumentation 
 

Cost 

Next-generation AWS (10@$15,000) $150,000
Data Acquisition System (for Twin Otter or equivalent) $150,000
Other TBD
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iii) Areas of Research Emphasis 
 
 Research for RIME will consist of coupled efforts by various groups. Tasks will 
be outlined in the approximate order beginning with the PRIME. 
 

Pre-RIME 
 
1. AWS Deployment 
 The position and number of AWSs need to be determined prior to the initial field 
season in RIME. As part of RIME, deployment of approximately 15 additional next-
generation AWS units will be required. It is estimated that five will be deployed around 
the Ross Island area and the remaining will be strategically positioned over the Ross Ice 
Shelf to sample key locations such as along the Transantarctic Mountain barrier and to 
the east of Ross Island. Redeployment of existing AWS in the vicinity of Ross Island 
may also be required. As part of Pre-RIME activities, deployment of perhaps half the 
array will be attempted. Initial research will be made as to the lateral dimensions of the 
Ross Ice Shelf air stream (RAS), the width of the barrier effect along the Transantarctic 
Mountains, and adjustments due to passing cyclones using AWS measurements and 
model simulations. Results of Pre-RIME activities will enable efficient placement of the 
remainder of the AWS units for Phase I of RIME and to determine the best site for the 
RIME Supersite.  
 
2. Early Instrument Development 
 A number of specialized instruments will be required for RIME. Pre-RIME 
activities will be to assemble the required instrumentation and conduct limited testing. 
Examples of instrumentation include radiometers, profilers, acoustic sounders, fast 
response anemometers, sensible and latent heat flux detectors, moisture sensors, etc. 
Much of the instrumentation is slated for installation at the  RIME Supersite, tentatively 
planned near the present Ferrell AWS. Other work may include evaluation and limited 
field testing of UAVs or development of onboard data recorders for the Twin Otter 
platform. As noted previously, the NCAR C-130 or HIAPER platforms are viewed as 
necessary in order to conduct regional studies. As part of Pre-RIME, continued 
discussion regarding logistics of using the C-130 and/or HIAPER will be vital. 
 
3. Satellite Algorithm Development 
 Satellite-derived data sets will form an important source of information for RIME. 
The objective of Pre-RIME is to develop algorithms to help construct the three-
dimensional wind and temperature fields over high southern latitudes and especially over 
the Ross Ice Shelf region. Such efforts will result in products that can be used in model 
initialization and data ingestion efforts. 
 
4. Model Evaluation and Validation 
 MM5 has been used in a quasi-operational mode for the past two years in support 
of ongoing USAP operations. Results show considerable skill, although weaknesses do 
exist for particular weather events and physical processes. For example, there appears to 
be a cold bias in the polar version of MM5 that impacts forcing of the low-level flows. 
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Pre-RIME activities include detailed performance evaluation and validation for the MM5 
simulations. In particular, it will be useful to identify particular case studies in which 
MM5 has had difficulty. Comparison with available observations and other model 
simulations may yield useful approaches to pursue as part of RIME.  
 
5. Model Initialization/Data Ingestion 
 It has been recognized that the data sparsity of the high southern latitudes may be 
a significant factor in the performance of model simulations over the Antarctic. As noted 
previously, many of the AWS observations are not incorporated into the initialization 
procedures. It will be important to demonstrate the utility of incorporating all available 
data sources, including satellite-derived data sets, into the model forecast system. Testing 
state-of-the-art data assimilation schemes will be conducted as part of Pre-RIME so as to 
determine the improvements that can be provided by an enhanced data ingestion process. 
 
 Approximately 5-8 groups will conduct research associated with Pre-RIME. 
Rough estimates of budgets of $200K/year would result in an annual cost of about 
$1.5M/year. 
 
 

RIME 
 
RIME research activities will be grouped according to instrumentation demands. As part 
of the field phases, seven broad research efforts can be identified. 
 
1. Surface energy budget. 
 Centered around the RIME Supersite, this data collection effort will focus on the 
local process studies and include model parameterization development efforts. 
Instrumentation will include 32-m tower with flux measurement capabilities, remote 
sensing of boundary layer using SODAR and RASS systems, and radiometers. Data 
collection during both field phases of RIME. 
 
2. Vertical structure of the atmosphere. 
 Profiles of state parameters of pressure, temperature, wind and humidity using 
both radiosonde ascents for large-scale structure and tethered balloon for near-surface 
measurements. 
 
3. Radiation, cloud microphysics studies. 
 Measurements of radiation, determination of cloud particle size and composition, 
precipitation processes, fog formation. 
 
4. Regional airborne observing. 
 NCAR C-130/HIAPER or other aircraft. Examination of the broad-scale structure 
of topographically-forced circulations and cyclonic forcing over Ross Ice Shelf, synoptic-
scale cyclones over the Ross Sea, interactions between Antarctic transports and cyclonic 
activity in the Southern Ocean. 
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5. Local airborne observing. 
 Other airborne data collection efforts may include UAVs or Twin Otter flights to 
sample local structures in the vicinity of Ross Island. Operation of UAVs during 
significant weather events that prevent manned-aircraft operations will be conducted. 
 
6. Satellite products. 
 Retrieval algorithm development to assist data collection efforts over high 
southern latitudes. 
 
7. Modeling. 
 Model development, data assimilation techniques, model validation, 
parameterization studies for surface and planetary boundary layer processes, cloud and 
radiation processes. 
 

It is estimated that perhaps 10-15 groups should be working on these research 
topics. Cost estimates approximate $2-4M per year. 
 
 
d) International Collaboration  
 
 There is a high probability that Italian and French colleagues will be active in 
RIME. Their areas of interest fall within the RIME regional study region, and they have 
been involved from the beginning in the planning for RIME. Their participation is an 
effective way to leverage the substantial USAP investment and to provide an enhanced 
range of expertise and measurement capability to achieve the goals of RIME. It is also 
probable that other nations (e.g., New Zealand, Australia, etc.) may be attracted to a 
vigorous RIME research program, and all potential international collaborations should be 
explored by the Science Steering Committee in conjunction with NSF. 
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