Small Uncrewed Aircraft for Weather and
Climate Research: Insights from Decades of
Research at the University of Colorado
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How it started...

Large-scale
vertical
motion

LY

Decoupled
%

Coupled

Radiative Cooling

* Drives buoyant production of turbulence

* Forces direct condensation within inversion layer
* Requires minimum amount of cloud liquid water

Morrison et al., 2012
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Holland et al., 1992
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A Icanding...
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Why UAS: Small Operational Footprint

NCAR FARE Users’ Workshop, 21 September, 2023, Boulder, CO Video: Robin Webb/Barb DelLuisi



Why UAS: Small Operational Footprint
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Why UAS: “Low and Slow” Flight
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Why UAS: Access to dangerous conditions
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Why Facility: Data Quality and Repeatability

S2

nf & hAL §0 gAas o £ e
an ] -
30 F I
28 l. f
W
26 i
2._. f“r
== 24 !
22 . i
20 £
]
18 -
16 : : : Lasttet
17:00 18:00 19:00 20000 21:00 22:00 23:00 19:00 15:00 16:00
14 Jul (UTC) 15 Jul 17 Jul
® UKY_MEOOP xgq2_1 © OSUb_SOLO_xq2_g
/ UKY MBOOP xq2 2 A CU_S1_MHP
30! é O UEY S1000_xql ® YT 152 MAZZ
® UKY_SOLO_tris A CU_DH_
» UKY SOLO xq32 UML_MBO0P1_xg2
(] UKY_SOLOZ_BMEZ805 UNL_ME00PL_xql
A A UKY BCSB xqgl UNL MEOOPZ xg2
© OU C522 PTLO0 1 e UNL_MBODPZ_nim_1
— ', OU_CS22_FTL00 2 @ UNL_ME0OP2Z_nim_2
= 25 o OU_CS22 PT100 3 © EM_WUAS DTS 1
. & UKY_BCSC xqgl © EM_WUAS_DTS_2
= UKY BCSD xql FMI_F2_AGT400
&= - B OU CS24 PTLO0 1 FMI_P2_BMEZB0
& »OU_CS24_PTLOD 2 & FMI_P1_BMEZ80
g o OU €524 PT100 3
20 % ® VT_S0LO_xq2
® 05Uc S0L0 ds 2
@ s OSUc_SOLO ds D
WT_IRZ_MAZZ
o 0O5Ub SOLO xg2 c

20 25 30

Tuvae [7C]

Barbieri et al., 2019

300

295

P
w0
L=}

Temperature UAS (K)
[~
oo
o

280

275 ¢

275

Wind Speed UAS (m/s)
S B B > ® O

= oo @ o

[ =T~

280

CopterSonde

A

'h‘:ff'.'
i

« U -

Relative Humidity RAAVEN (%)

285 290 295 300
Temperature Sonde (K)

100

a0

BO

o

60

a0

40

30

20

10

10

Meteodrone

20

.
350 x-

(]
[=]
[=]

M
o
=

2
]
(=]

-
o
[=]

[=]
(=]

Wind Direction UAS (deg)

n

=}
-

i

10 15 20 0 50
Wind Speed Sonde (m/s)

NCAR FARE Users’ Workshop, 21 September, 2023, Boulder, CO

30 40 50 60 70 80 90 100
Relative Humidity Sonde (%)

100 150 200 250 300 350
Wind Direction Sonde (deg)

de Boer et al., 2023



Why Facility: Infrastructure Requirements
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Why Facility: Operatlonal and Alrspace Experlence
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Sea Breeze Precipitation

Use Case Example: TRACER
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Use Case Example: SPLASH
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Summary

Small UAS are a useful tool to provide new perspectives on the lower atmosphere and its interactions with the surface

From the poles to the tropics, these systems have been deployed to document the kinematic and thermodynamic structure
of the atmosphere, and support understanding of lower atmospheric physics

These systems offer the following benefits:
e High-resolution, in-situ sampling
* Relatively small operational footprint
* “Low and slow” flight abilities to capture details at very high spatial resolution near the surface
* Can be flown into hazardous conditions
These capabilities require investment at a facility level due to:
* Infrastructure requirements and significant training and practice related to aircraft operations
* Improved data quality related to extensive experience with platforms and sensors
* Challenges associated with working with the FAA to obtain flight permissions for complex operations

Research opportunities are out there! CU CIRES and IRISS are actively seeking collaborators who see potential benefits to

integrating UAS into their ongoing Earth System research. Reach out if interested in exploring potential collaborations!
NCAR FARE Users’ Workshop, 21 September, 2023, Boulder, CO
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