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Arctic Low-Level Clouds

* Persistent low-level, liquid containing clouds in the Arctic

Cesana et al 2012



Arctic Aerosol Concentrations

* CCN concentrations at the surface in the high Arctic are frequently <10/
cc, particularly in late summer and fall
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Arctic Aerosol Concentrations

* “Tenuous” cloud
regime (Mauritsen et al.
2011)

* Changes to CCN

have large impacts
on ||C|UIC| water c/o ASCQ_SJsci'ence team

* In turn, these changes impact the
shortwave and longwave cloud
forcing

* Longwave forcing at the surface is
important for sea ice melt
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Aerosol-Limited Dissipation

* This ASCOS case generated
speculation that cloud dissipation was
due to a lack of aerosol particles
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* Loewe et al. 2017: low aerosol
concentration was the most likely
cause of dissipation
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 Stevens et al. 2017: 3/cc was sufficient

to maintain a cloud
; €) 5fc Aerosol Concentration

* Extremely low aerosol concentrations
may also influence the transition from
non-_turbulent to fcurbulent liquid 3 06 0o 1o 15 18
bearing clouds (Silber et al. 2020) Hour (UTC)
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Surface Aerosol Concentrations

e Arctic low-level clouds are
frequently decoupled from

gmoo
the surface , H :
* Surface aerosol - | o
concentrations are perhaps Igel et al. [ S
not representative of 2037 Oocon o) oo coe ten)
conditions in clouds > 0 0 2 5075 100 25 150 0 2 5073 100 25 1

* Concentrations above cloud

top may be substantially
higher

MOSAIC:
Lonardi et
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Project Questions

1. What are the characteristics of
aerosol vertical profiles relative to
the boundary layer top in the
Arctic?

2. How often are cloud dissipation
events associated with and caused
oy low aerosol concentrations?

3. What microphysical processes lead
to the dissipation of low-level
mixed-phase Arctic clouds?

4. What are the respective roles of .
sub-cloud and above-cloud aerosol -
properties in dissipation events?
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Q1: Aerosol Vertical Profiles

* [nthe
climatological
mean, No increase
in aerosol
backscatter above
cloud top

 Doesn’t matter if
we look at the
beginning or the
end of a clear
period

Aerosol backscatter profiles relative to cloud top for clear sky periods
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Q1: Aerosol Vertical Profiles

Aerosol backscatter profiles relative
* Certain |y, cases of Increasing to cloud top for clear sky periods

backscatter above BL top can
be found

* OLl tethered balloon analysis
shows that aerosol
concentrations below cloud
base are more frequently 57 s5 a5 a4 o oz 4
greater than above cloud top

Iogm(Backscaﬂer (m™ sr))
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* Regardless, surface aerosol QN
concentrations are likely o
frequently unrepresentative
of cloud conditions
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concentrations
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Q2: Aerosol-Limited Dissipation Frequency

* Likely never at NSA

* Very difficult to find

likely cases at either
NSA or OLI
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Q2: Aerosol-Limited Dissipation Frequency

Height AGL [m]
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Q2: Aerosol-Limited Dissipation Frequency

RAMS

Sterzinger et al. 2022



Q2: Aerosol-Limited Dissipation Frequency

_ * Simulated
> 16 1 dissipation is
—— Observed about 2-6 hours

— Modeled
=== leeNucOff

Simulated
dissipation is
12 13 slower than
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Q3: Cloud Dissipation Mechanisms

Dissipation in all cases is driven primarily by rain formation and

subsequent evaporation, not glaciation.

(a) OLI Liquid Budget 1({?} ASCOS Liquid Budget

Rain
Cloud
Precip
Riming
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Sterzinger et al. 2022



Q4: Roles of above- and below-cloud aerosol

ASCOS Field Campaign (remote Arctic) : S.hght_ly more realistic
situation: aerosol
1000 u,p.ﬂ'l"huw : _ concentration decreases
r" 'IM | at the observed rate
|

| | LA Ml ° Two tests:
* Decrease only in BL

e Decrease in both BL and
FT

* Aerosol decrease is only
forced outside of clouds
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Q4: Roles of above- and below-cloud aerosol

ASCOS case
* Slightly more realistic situation:

aerosol concentration ARiose

decreases in
decreases at the observed rate  the boundary

layer only
* The cloud does not dissipate as 0
was observed
* Treatment of FT aerosol does Aerosol
impact cloud evolution ev‘iﬁ;ﬁ:;

* Maintaining high FT aerosol

leads to cloud top rise and higher
LWP

315! gp:0p 04:00 08:00 12:00 16:00 20:00 45! gp-pp 04:00

Time

Tong 2019, MS Thesis 16



Q4: Roles of above- and below-cloud aerosol

* Droplet concentration initially similar  Substantially more ice when FT aerosol
except at cloud top
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Q4: Roles of above- and below-cloud aerosol

Radiative cooling rate (K/hr)

* High FT aerosol concentration may be

important for maintaining droplet Aerosol
tration at cloud top and therefore  decesesin B
concentration at cloud top oty |
T

also high local radiative cooling rates layer only

* Local droplet properties always modulate
maximum local radiative cooling rates
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Q4: Roles of above- and below-cloud aerosol

[all] LWP

* Now simply specify FT aerosol
concentration separately from the BL
concentration

 FT aerosol concentration dictates
whether the cloud evolves to

* A) a high LWP state that oscillates with
the diurnal cycle

* B) alow LWP state that is in equilibrium

* Investigation ongoing, modulation of
radiative cooling and heating likely —
i m po rta nt time [hours]
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Conclusions

1. What are the characteristics of aerosol vertical profiles relative
to the boundary layer top in the Arctic?

* Decreasing aerosol above BL top appears to be more common than
increasing, but aerosol inversions do occur frequently

2. How often are cloud dissipation events associated with and
caused by low aerosol concentrations?

* Seems unlikely to be common, but clouds are very sensitive to low aerosol
concentrations

3. What microphysical processes lead to the dissipation of low-
level mixed-phase Arctic clouds?

* Appears to be driven primarily by drizzle production, not glaciation

4. What are the respective roles of sub-cloud and above-cloud
aerosol properties in dissipation events?
* BL aerosol sets mean in-cloud droplet concentrations

* FT aerosol modulates cloud top droplet concentration, may have
important feedbacks to cloud dynamics through feedbacks to radiative
cooling rates

Sterzinger, Sedlar, Guy,
Neely Ill, Igel, 2022, ACP

Williams and Igel 2021,
GRL
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