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SUMO ANTARCTIC FIELD CAMPAIGN LOCATIONS

January 2012
• Williams Field

September 2012
• Pegasus Runway

January 2014
• Ross Ice Shelf Tall Tower

September 2016
• Pegasus Runway

January 2017 
• Lake Vanda, McMurdo Dry 

Valleys

April-June 2017
• PIPERS cruise, Ross Sea



Wingspan 0.8 meters

Weight 580 g

Endurance 30+ minutes

Range 5-10 km

Altitude Surface to 4 km AGL

Cruise / max speed 15 / 42 m s-1

Observations T, RH, p, wind

Communications via Xbee modem and model plane RC

Can fly in fully autonomous mode or with user control

SUMO UAS Operations
• Conduct SUMO flights to 

observe temporal evolution 
of atmospheric boundary 
layer on hourly time scales

• Perform multiple SUMO 
flights on each campaign 
day

• SUMO field team consists of 
remote control pilot and 
ground control software pilot

• Launch / landing require 
~20 m area of smooth 
surface
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STABLE BOUNDARY LAYER



SHALLOW WELL MIXED BOUNDARY LAYER



DEEP CONVECTIVE BOUNDARY LAYER
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SUMMER OBSERVATIONS IN THE MCMURDO DRY VALLEYS



17-18 JANUARY 2017

• Early morning to mid-afternoon 
transition

• Warming (~2 deg C) and 
deepening (200 to >800 m) of 
boundary layer

• This suggests a sensible heat 
flux of ~100 W/m2



LATE WINTER OBSERVATIONS NEAR MCMURDO
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10-11 SEPTEMBER 2016

• Shallow, strongly stable BL
• Warm air advection aloft with  

cooling in boundary layer
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11-12 SEPTEMBER 2016

• Shallow, strongly stable BL
• Near steady state conditions at 

surface and aloft over 24+ 
hour period
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• Little temperature change aloft
• Strong cooling at surface
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27-28 SEPTEMBER 2016

• Warm air advection aloft
• Formation of very strong stable 

layer at surface with eventual 
warming at surface
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•21 JAN 0716 LST

• Good agreement between
SUMO (light blue) and
Tall Tower AWS (red)

• AMPS shows similarly shaped 
temperature profile but is
3 K colder than observations



•21 JAN 1108 LST

• Over previous 4 hours AMPS 
comes into good agreement 
with observed boundary layer 
structure

• SUMO, Tall Tower, and AMPS 
are all very similar



•21 JAN 2144 LST

• Observations and AMPS 
transition to stable boundary 
layer

• AMPS overestimates surface 
cooling and near surface 
stability

A more detailed evaluation of 
AMPS forecasts with SUMO data 
was published by Wille et al. 
(2017, J. Appl. Met. and Clim.)
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CONCLUSIONS AND NEXT STEPS

• Boundary layers ranging from strongly stable to deep convective conditions 
have been observed

• Hourly time scale observations of the Antarctic boundary layer with UAS 
provide insights into the processes altering the near surface atmospheric 
thermodynamic state

• These observations can serve as a rigorous test of weather and climate model 
simulations



CONCLUSIONS AND NEXT STEPS

• A 30 m instrumented tower will be installed at Byrd Station, West 
Antarctica from late-2019 to early 2022

• A UAS campaign will be conducted at this site in early 2021

• These observations will allow us to study the atmosphere – ice 
sheet energy exchange process at one of the fastest warming 
locations on the Antarctic ice sheet

• Data will be similar to that collected at the Ross Ice Shelf tall 
tower site but at a higher elevation location with more maritime / 
storm influences

• We will also use data from the DOE/NSF AWARE project that 
made detailed cloud and radiation measurements in West 
Antarctica



CONCLUSIONS AND NEXT STEPS

• As part of the MOSAiC campaign in the central Arctic we 
will make boundary layer observations from February to 
August 2020 with several different small UAS

• Observations will include atmospheric state and turbulent 
and radiative fluxes

• An extensive suite of additional observations will be 
available from other MOSAiC projects


