Observations of Air-Sea Interactions
in an Antarctic Coastal Polynya
Using Small Unmanned Aerial Systems
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Aerosonde UAS

Wingspan 3.0 meters

Weight 18 - 21 kg

Payload Capacity 2-35kg

Endurance / Range Up to 19 hours / 1000+ km

Altitude 100 — 6000 m
Cruise / max speed 42 /65 kts

Observations T, RH, p, wind, surface T, net SW and
LW radiation, CULPIS

Communications via 900 MHz radio and Iridium

Flies in fully autonomous mode with user-controlled capability




2009 2012

16 flights o 14 flights
- — 8science flights to TNB — 8 science flights to TNB

*» 130 flight hour — 1 science flight to Ross Sea

\ * 168 flight hours
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22 September 2012: Downstream evolution of T, Td, and wind speed
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Sensible Heat Flux
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* Observe atmospheric profiles over depth of
boundary layer in downwind direction

e Calculate changes in boundary layer heat content
based on temperature profiles

e Use this to estimate turbulent sensible heat flux
between pairs of profiles




Sensible Heat Flux

Calculate the sensible heat flux based on the
change in the integrated energy content, over
the depth of the boundary layer, between
pairs of profiles

Similar to approach used by Bonin et al.
(2013)




Sensible Heat Flux

* Assumptions

— The only energy added to the parcel is the surface
sensible heat flux
* Neglect radiative heating
* Neglect heating due to vertical entrainment

— Neglect temperature change due to work done on or
by air parcel

e Add correction to account for adiabatic expansion or
compression

— UAS observations are Lagrangian
* This is not true

* Time for air parcel to transit between pair of profile
locations (Lagrangian time) is not equal to UAS transit time




Sensible Heat Flux

e Correction for non-Lagrangian measurements

— UAS transit time > Lagrangian time

— Use UAS observed horizontal temperature
gradient to estimate parcel T beyond profile 2

Profile 1 Profile 2
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Sensible Heat Flux

Knuth, S.L. and J.J.
Cassano, 2014:
Estimating sensible and
latent heat fluxes using
the integral method
from in situ aircraft

Altitude (m)

- 20 o measurements. J.
200 PR i Atmos. Ocean. Tech,
" "7 31, 1964-1981,
2 21 pa o = I DOI:10.1175/JTECH-D-
Temperature (deg C) 14-00008.1

* Profile 4

* Profile 3

* Profile 2

* Profile 1

SHF AT Adiabatic AT | Non-Lagrangian SHF
Lagrangian Profiles Correction AT Correction best estimate
Profile 1-2 -76.0 W m™ -0.3 K -0.06 K -0.9K -81.9 W m*?
Profile 2-3 494.2 W m2 1.6 K 0.02 K 3.1K 578.1 W m™

Profile 3-4 144.1 W m2 0.6 K -0.09 K 0.8 K 170.1 W m2



Altitude (m)

Downstream PBL Evolution (Wind Speed)
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Momentum Equation Analysis

Evaluate terms in the horizontal momentum
equation using UAS observations from downwind
flight legs

Estimate PGF and CoF from observed
atmospheric state between pairs of profiles

Estimate Du/Dt from observed change in wind
speed for pairs of profiles

Calculate Fr as a residual




Estimation of Horizontal Pressure Gradient

22 September
Profiles 2-3
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Momentum Equation Analysis

5.0 10.0
Wind Speed (m/s)

* Profilel + Profile2 - Profile3 + Profile 4
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Profile 1-2 -6.1x1073 -3.8x1073 -0.5x1073 -1.9x1073
Profile 2-3 -4.2x103 2.2x103 -0.7x103 -5.7x103
Profile 3-4  -3.8x1073 0.0x103 -0.1x103 -3.7x103



Antarctic Boundary Layer
Measurements with SUMO UAS
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SUMO UAS
Overview

e McMurdo
Station

— January 2012
» 8 flights
— September 2012
* 6 flights
* Tall Tower AWS

— January 2014
* 41 flights
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SUMO UAS

Wingspan 0.8 meters
Weight 580 ¢
Endurance 30 minutes
Range 5-10 km
Altitude Surface to 4 km AGL

Cruise / max speed 15/42 m s’

Observations T, RH, p, wind

Communications via Xbee modem and model plane RC

Can fly in fully autonomous mode or with user control




20-21 January

T Flight 15: 201401200824
emperatures Flight 15: 2014012008 e 20 Jan 2024 LST
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20-21 January

Temperatures Flight 16: 201401201916
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21 Jan 0716 LST
Cooling overnight

~50 m deep mixed layer
2.5 K capping inversion
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20-21 January

Temperatures Flight 17: 201401202015
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21 Jan 0815 LST

Mixed layer cools and
deepens to 100 m

Cooling aloft stronger than in
mixed layer



20-21 January

Temperatures Flight 18: 201401202144

21 Jan 0944 LST
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s 2 depth with little change in
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20-21 January

Temperatures Flight 19: 201401202308
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21 Jan 1108 LST

Mixed layer warms with little
change in depth

Some cooling between ML
top and 250 m

No temperature change
above 250 m
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20-21 January

Temperatures Flight 20: 201401210034
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21 Jan 1234 LST

Mixed layer warms and
deepens to 170 m
Temperature warms aloft
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Temperatures Flight 21: 201401210204

20-21 January
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21 Jan 1404 LST

Mixed layer warms and
decreases in depth to 100 m
Evidence of convective
plumes at top of ML?
Warming aloft
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20-21 January

Temperatures Flight 22: 201401210333
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21 Jan 1533 LST

Mixed layer continues to
warm and decrease in depth
Warming aloft continues
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20-21 January

Temperatures Flight 23: 201401210459
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21 Jan 1659 LST

Mixed layer continues to
warm and decrease in depth
Mixed layer ~50 m deep
Warming aloft continues



20-21 January

Temperatures Flight 24: 201401210631

21 Jan 1831 LST

S " ” I No change in BL temperature
L 4 or depth
- - Cooling aloft
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20-21 January

T Flight 25: 201401210801
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Temperatures Flight 26: 201401210944

20-21 January
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21 Jan 2144 LST

Stable boundary layer
continues to cool

Little change in temperature
above boundary layer



Altitude (m)
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Estimate sensible heat flux
profile based on change in
boundary layer temperature
between sequential SUMO
flights following Bonin et al.
(2013)



20-21 January 2014

e Estimate sensible heat flux
profile based on change in
boundary layer temperature
between sequential SUMO
flights following Bonin et al.
(2013)

Can also include effects of
advection based on
temperature change above
boundary layer
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20-21 January 2014

15 20

Sensible heat flux (W/m~2)

SHF (W/m*2)

* SHF w/ adv (W/m~*2)

A surface sensible heat flux of
13 W m2 is needed to give
the observed boundary layer
warming

The sensible heat flux
decreases linearly with height
as is expected for a
convective boundary layer
The observed advective
cooling requires an additional
7 W m2 of heating from the
surface sensible heat flux to
give the observed boundary
layer warming




Conclusions

UAS allow us to make observations that are not possible with other
observing systems

— Winter flights in Terra Nova Bay

— Remote field camps in Antarctica :
We have used UAS observations of the atmospheric state to estlmate

— Sensible heat flux

— Terms in the horizontal momentum equation

— Latent heat flux is problematic due to sensor lag issues for'humidity

measurements :

This type of process level analysis based on UAS observatlons allows for:

— Iimproved understanding of coupled polar climate system processes

— This can lead to improved representation of processes in weather and climate
models

— Evaluate weather and climate models in ways other observations don’t allow
(mesoscale details, BL evolution)

Polar UAS operations can be difficult, but the risk can be mitigated with

careful planning
el
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Next Steps

e Late winter SUMO campaign on Ross Ice Shelf
— September 2016
— Observe winter BL over ice shelf
— Contrast this with summer observations from Tall Tower
e Summer SUMO campaighn in McMurdo Dry Valleys
— January 2017
~— .Observe boundary Iayer features in reglon of complex
topography -
 Mid-winter SUMO campaign in Ross Sea
— April-June 2017
— Observe boundary layer over growing ice pack and
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