Flying into the Cold: the NSF/
NCAR C-130 Cold-Air outbreak
Experiment in the pub-Arctic

Region (CAERAR)
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University investigators

Paul DeMott/Russell Perkins Aerosol Influences on Ice Formation in Arctic Cold Air Outbreak
Clouds During CAESAR : aerosol concentrator+CFDC+filters

Bart Geerts/Jeff French Mesoscale Dynamics and Mixed-phase Microphysics
Tim Juliano/Lulin Xue in Arctic cold-air outbreaks: WCR, KPR, WCL, Nevzorov
Jeff Snider/Markus Petters Aerosol Dynamics andAutoconversion during CAESAR:

SMPS, UHSAS, SP2, CCN

G McE h Cloud-aerosol-dynamic interactions in Cold Air Outbreaks over the Arctic Ocean:
reg Mclrarqunar ycar cop (2x), 2ps, 2Dc, HVPS, King KIT-PHIPS
Emma Jarvinen-PHIPS

. . Microphysical and dynamical controls on the precipitation efficiency of Arctic clouds:
Ad rliana Balleg/ Lt ; HZ20 isotope ana/yzerpcolc§) trap, CVI -
Harald Sodémann-cold trap : ’

Zhien Wang /John Cassano Characterizing and Understanding Atmospheric Boundary Layer Fluxes,
Structure and Cloud Property Evolution in Arctic CAOs:

Raman Lidar (down) Doppler lidar

Paquita Zuidema
2 Arctic cold-air outbreak mixed-phase cloud characteristics, processes, and
Florian Tornow/Ann Fridlind Impacts in observations and models: GVR (up):

Yonggang Wang Characterization of Boundary Layer Convective Precipitation in CAOs: student outreach

Jim Doyle (collaborator) Polar low & their model representation

Gunnar Noer/Michael Tjenstrom/Gunilla Svensson International collaborations, forecasting support



WHY ONE MORE SUB-ARCTIC CAMPAIGN??

TaBLE 1. Recent significant campaigns with a focus on convective marine mixed-phase clouds.

Campaign Base Location Time Span CAO-relevant references

Northern Latitudes:

ARCSIX aircraft N of Greenland summer 2024 -

AC3 aircraft Greenland Sea spring 2022 Wendisch et al. (2025), Schirmacher et al. (2024)

ACAO aircraft near Svalbard spring 2022 Raif et al. (2024)

M-PHASE aircraft Labrador Sea October 2022 Huang et al. (2025)

ACTIVATE aircraft NW Atlantic 2020-2022 Seethala et al. (2024), Tornow et al. (2025)

ACLOUD+PASCAL aircraft+ship near Svalbard May-June 2017 Knudsen et al. (2018)

ACCACIA aircraft near Svalbard spring, summer 2013 Abel et al. (2017)

M-PACE aircraft Beaufort Sea autumn 2005 Solomon et al. (2009), Fu et al. (2019)

ARKTIS aircraft Greenland Sea 1991, 1993 Briimmer (1999)

NSA surface northern Alaska 2004-present de Boer et al. (2011), Wang et al. (2016)

COMBLE surface north Norway spring 2020 Geerts et al. (2022), Lackner et al. (2023a,b),
Mages et al. (2023), Juliano et al. (2024),
Xia and McFarquhar (2024), Williams et al. (2024),
Wau et al. (2025)

ISLAS surface north Norway spring 2020,2021,2022 Seidl et al. (2024), Dekhtyareva et al. (2026)

MOSAIC ship central Arctic 2019-2020 Kirbus et al. (2023), DeMott et al. (2025)

Southern Latitudes:

SOCRATES aircraft Southern Oceans Jan-Feb 2018 McFarquhar et al. (2021)

MICRE surface MacQuarie Island 2016-2018 Tansey et al. (2023)

CAPE-k surface Tasmania April 2024-Sept 2025 -

CAPRICORN LII ship Southern Oceans March-April 2016, Jan-Feb 2018  Mace et al. (2021)

MARCUS ship Southern Oceans Oct 2017-March 2018 Alexander et al. (2021), Hu et al. (2023)




* Long range of the C-130 plane (~1400 km, from Kiruna to the
Greenland MIZ)

. Rich suite of in situ + remote sensing instrumentation
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comprehensive in-situ instrument:
Evolved HOLODEC data processing; PHIPS particle habit ID; Nevzorov
ice+total water + instruments common to most campaigns

Aerosols&gases: CCN, CN, UHSAS, INP (CSU CFDC-+filters),
H20 itpes,SP2 (black carbon),03,C0O2
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Diagram credit: Sarah Woods



Remote sensing suite:
newish information from: water vapor & temperature lidar;
microwave radiometer; diverse radars (W & K), lidar

| Liquid + ice + |
,_ precipitation _,

— _; WCR *
grr s s +
o predpitation — po o idar,

Water vapor & temperature
profiling

MARLl

95 Ghz, Doppler,
Also horizontally scanning

Diagram credit: Zhien Wang



g | ¢ 15 AL I L DT B RS e M i
B p 7 :_;_-_:1“‘._-7.‘-.::5: f-g}:«.{n_ _"" s e R W e (i ks

H1 air-sea exchange and boundary layer. The low-
level stratification over the Arctic ice discernably in-
fluences subsequent cloudy boundary layer develop-
ment.

H2 mesoscale organization. Cloud morphological tran-
sitions are more correlated to precipitation than to
wind shear, air-sea temperature differences, or lower-
tropospheric instability.

H3 clouds and precipﬁtion. Secondary ice production

(SIP) increases with fetch while remaining insuffi-

~ cient to fully consume the liquid mass. Glaciation

sets in when clouds achieve sufficient deoth to pro-
duce cloud droplet diameters > 20 ym. SIP is symp-
tomatic of cloud morphological transitions to open
cells but not necessary for the transition.

H4 aerosols. The major ice-nucleating particle (INP)
source is the free troposphere rather than the bound-
ary layer, with immersion freezing of super-cooled
liquid dominating the ice nucleation, while oceanic
emissions are the primary cloud condensation nuclei
(CCN) source.

R s uins

HS polar lows. Polar lows are primarily convective sys-
tems, initiated in the presence of destabilizing CAO-
induced heat fluxes within a convergent frontogenetic
shear zone, with intensification arising through inter-
action with an upper-level potential vorticity anomaly.
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8 research flights
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83% (30/36) of campaigns possessed
CAO conditions reachable by the C-130

Mean CAESAR CAO Conditions
MSLP (every 4 hPa, 1016 hPa bold) and 10 m wind
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3 flights reached Greenland sea ice - 1 beyond the MIZ:
16 March ‘golden case’

28 February, 15:23 UTC
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Endpoint: ~70% sea ice



Research Flight (RF)

Flight Synopsis

date dropsondes  (spirals, S; ramps, R; below-cloud leg, BC; above-cloud leg, AC; porpoises, P)
RFO1 5.85 Greenland marginal ice zone, 71N, 17W endpoint, F1 flight pattern

28 February 12 S-1; R-0; BC-2; AC-1; P-3

RF02 713 along+across CAO sampling, closed-to-open cell transition

29 February S S-5; R-0; BC-3 along wind; AC-4 across wind; P-0

RF04 6.62 warm air intrusion with dust forecast

5 March S S-2; R-0; BC-1 across wind; AC-2, 1 along wind; P-0

RFO05 Dl Greenland marginal ice zone, 79.6N, 5E endpoint, F1 flight pattern

11 March 18 S-0; R-3; BC-2; AC-2; P-6

RF06 6.37 quasi-Lagrangian resampling, south of Svalbard

12 March 9 S-0; R-0; BC-1; AC-2; P-9

RF07 6.6 Greenland sea ice, 78N, 10W endpoint, F1 flight pattern

16 March 39 S-1; R-0; BC-4 (1 across wind); AC-5 (1 across wind); P-6

RF09 8.0 coastal polar low, modified rosette flight pattern with 5 transects

2 April 17 S-1; R-1; BC-2; AC-3; P-12

RF10 7.55 local CAO sampling, 1 young and 1 mature

3 April 9 S-1; R-0; BC-2; AC-5; P-23

Total Flights 53.87 hours 3 full-fetch, 1 polar low, 1 Q-Lagrangian, 2 local CAQO, 1 warm air intrusion
8 114 sondes  S-11; R-4; BC-17; AC-24; P-62 j
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Cai, L., S. Mahant, E. Weissburg, A. Robertson, J. R. Snider, and
M. D. Petters, 2026: Observed aerosol properties and aerosol forecast

evaluation in the Arctic region during cold air oubreaks. Atm. Res.,
https://doi.org/10.1016/j.atmosres.2026.108781.

Merged CN,_SMPS+UHSAS+SP2_PCASP
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Clouds tops mostly at -15C to -30C. ice production mostly < 10/L.
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