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Motivation 
- Understanding boundary layer stability (defined by the potential temperature profile) in Antarctica has 

important implications for the surface energy budget, momentum and moisture fluxes, as well as processes 
such as turbulence generation associated with different boundary layer stability regimes (e.g. Nigro et.al., 
2017, Cheng and Brutsaert, 2004, Lawrence and Balsley, 2014). 

- Use observations from the year long Department of Energy (DOE) ARM (Atmospheric Radiation Measurement) 
West Antarctic Radiation Experiment (AWARE) campaign to assess how near surface atmospheric 
characteristics vary with differing boundary layer stability regimes.

- Radiosonde launches from 30 November 2015 through 3 January 2017
- McMurdo Station, Antarctica 

- Define potential temperature profiles that span the range of boundary layer states in the AWARE radiosonde 
data using SOMs

- Identify relationships between the SOM-identified boundary layer regimes and atmospheric state and fluxes.



Data
U.S. Department of Energy (DOE) Atmospheric Radiation Measurement 
(ARM) West Antarctic Radiation Experiment (AWARE) Observations from 
30 November 2015 through 3 January 2017 (top figure) 

Surface meteorological and radiative flux data were taken several 
kilometers away from the radiosonde launch site at the observation site 
(bottom figure)

- Higher wind speeds and colder temperatures, compared to the 
coastal location of the radiosonde launch site

Radiosondes were launched near McMurdo Station, Antarctica (bottom 
figure)

- Characterized by steep, complex terrain that influences the wind 
flow and local meteorological conditions (Seefeldt, 2003).
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Methods
Basis for the analysis: self-organizing maps (SOMs)

- Neural network algorithm determines 
patterns in potential temperature profiles

- Similar patterns are grouped together into 
a two-dimensional array, called the SOM

- Resulting array of SOM patterns represents 
a continuum of the different patterns 
present in the potential temperature 
profiles

- SOMs used to condense information from 
787 radiosonde launch profiles (the training 
data) down to 20 patterns of the master 
SOM that represent the larger array of 
training data

- List of training data that maps to each of 
the 20 SOM patterns is generated, called 
the best-matching units of BMUs, which can 
be used to associate other observations to 
each SOM pattern, referred to as 
compositing data onto the SOM



Results: Notes 

The autumn and spring seasons: transition seasons 

- lack of significant difference in the range of profiles present in both seasons, and thus a lack of 
significant difference in frequency of occurrence and composited variables

Red shading over certain patterns indicate patterns which have a small number of observations that 
mapped to them and thus caution should be taken when analyzing results for these patterns. Patterns 
with a red shade indicate that there were less than five observations that mapped to that pattern. 



Results: Stability Regimes 
There is a strong seasonal cycle of the 
different SOM patterns. 

- In the summer, the WS regime 
dominates, occurring nearly 70% of the 
time, and occurs about 34% of the time 
in the transitions seasons, and only 
about 14% in the winter.

- In the summer, convection occurs as 
the surface is heating, resulting in weak 
stability

- The boundary layer exhibits consistent 
WS characteristics in the summer, and 
the type of regime present varies more 
frequently in the winter (WS: 14%, 
WSEA and MSWA: 20-25%, MS: 16%, SS: 
25% ), where it would be expected that 
SS regimes would occur most 
frequently. 



Results: Radiative Effects  
Net radiation is negative in the winter and 
positive in the summer for all regimes.

- Winter:  the median net radiation 
decreases from the WS to SS regime (-
16.3 W m-2 to -53.1 W m-2), with 
negative net radiation seen across all 
regimes

- Transition seasons: the median net 
radiation decreases from WS to SS 
(23.5 W m-2 to -36.5 W m-2); the WS 
regime is characterized by positive net 
radiation



Results: W ind 
The WS regime is characterized by consistent surface wind 
speeds across all seasons (3.5 to 3.7 m/s).

The large wind shear near the surface in the WS regime in the 
winter aids in generating turbulence and may explain how 
the WS regime can form in the winter even with negative net 
radiation. 

In the transition seasons, the near-surface wind speed is 
strongest in the MS regime, where it would be expected that 
wind speed would decrease with increasing stability. 

● Potentially warm air advection occurring over cold 
ground 

There can also be low-level jets seen in the WSEA regime for 
each season and in the MWSA, MS, and SS regimes in the 
transition seasons



Results: Bulk Richardson Number 
The behavior seen in these results is largely consistent 
with what is expected: weak stability is associated with 
sub-critical bulk Richardson values and well-developed 
turbulence, and cases of stronger stability (MS and SS 
regimes) are associated with bulk Richardson values 
mostly above critical, which suggests intermittent 
turbulence in these regimes.

MS regime: despite the moderate stability, the large wind 
shear near the surface is responsible for the sub-critical 
Richardson numbers at the lowest levels.  The very large 
shear near the surface in the MS regime in the transition 
seasons is associated with the strong LLJ in this case, and 
the weaker LLJ in the winter results in weaker shear and 
larger Richardson numbers compared to the transition 
seasons.



Future W ork
- Investigate how regimes change from one to another, for example, a MS regime transitioning to a 

MSWA regime 
- How the composited variables change for each type of regime transitions, which would allow us to draw 

conclusions about how the changes in forcing cause the atmosphere to transition from one regime to another 
- Compare these results to the Antarctic Mesoscale Prediction System (AMPS) model to assess how 

well AMPS can predict different boundary layer conditions
- Field campaign using the DataHawk II drone in West Antarctica to build on the radiosonde launches 

and observations taken for a short time at the WAIS location during the AWARE campaign. 



Contact: Mckenzie Dice, mcdi3272@colorado.edu
Funding: NSF grant OPP 1745097 AWARE data: https://adc.arm.gov/discovery/#/results/site_code::awr 
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