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Climate Model Performance
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Figure 2. Height-profile of quantities averaged over the period 1200 UTC 9 October to 1200 UTC
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Relevance of Phase
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A Complex Picture

Large-scale
vertical Radiative Cooling
q motion * Drives buoyant production of turbulence
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High Resolution Modeling
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High Resolution Modeling

Figure from de Boer et al. (2012b)
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High Resolution Modeling

Figure from Fridlind et al. (2012)
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High Resolution Modeling
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Ice Nucleation
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Ice Nucleation (Field Studies)

What do we know? (M-PACE, Prenni et al., 2009)

- Arctic IN concentrations lower than at low latitudes

- M-PACE had extended periods where no IN were detected (91% of the
time)

- Ice nucleation mainly through immersion/condensation modes

- Maximum IN concentrations found at or above cloud level, and above the
boundary layer.

- Metal oxides and dust dominated the aerosol composition.

- There appears to be a seasonal cycle of IN, based on limited datasets.

What do we know? (ISDAC, McFarquhar et al., 201 1; Jackson et
al., 2012)

- lce nuclei concentrations for ISDAC were variable (including 53% below
noise floor).

- Ice nucleation during ISDAC came from both the immersion/condensation
modes and deposition mode.

- IN were found to contain metals or dust and a significant number were as
small as 100 nm.
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Ice Nucleation (Field Studies)
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Ice Nucleation (Field Studies)
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Can we improve and expand
upon efforts such as this?

- Additional sampling of atmospheric
temperature and humidity using
soundings or UAVs...

- Utilize tethersondes (e.g. Lawson et
al., 201 |) equipped with ice particle
imagers and thermodynamic sensors...

- Use the new scanning ARM
instrumentation to expand this sort of

. climatology...

o - Use of near surface measurements...
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Ultimately, does ice nucleation mode matter for
GCMs?
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The Role of Liquid Water
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The Role of Aerosol Properties
IS DAC Figure from McFarquhar et al., 201 |

Fe Si dust
Si dust

Dust

on
seasalt

aged seasalt1
aged seasalt2
seasalt org sulf
BB

BB sulf

sulf org1

sulf BB

sulf org2

sulf org3

org sulf1
pyridine

SS

sulf/org
[ - | —— = I

BB

1
&

org

brgi
org2

below cloud interstitial

Can we, over long timescales, derive statistics on
aerosol composition, and aerosol properties, including
their ability to nucleate ice and liquid?
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Can we characterize the large-scale conditions linked
with the occurence of mixed-phase clouds (or
hydrometeor phase in general)?
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Open Questions

Targets for Progress?
- Ice nucleation -- Can we actually hope to tackle this!?
- Detailed climatology of phase occurrence in the atmosphere

- Characterization of aerosol properties, including profiles and the
connection to hydrometeor phase

- What is the role of liquid water on ice formation and growth?
- Closing the aerosol budget in numerical simulation

- Influence of large scale advection of heat, moisture and aerosols on
cloud phase and occurence

- Ice crystal growth and development

ASR Fall Working Groups Meeting, 28 October-2 November, 2012
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Open Questions

Targets for Progress?
- Ice nucleation -- Can we actually hope to tackle this!?
- Detailed climatology of phase occurrence in the atmosphere

- Characterization of aerosol properties, including profiles and the
connection to hydrometeor phase

- What is the role of liquid water on ice formation and growth?
- Closing the aerosol budget in numerical simulation

- Influence of large scale advection of heat, moisture and aerosols on
cloud phase and occurence

- Ice crystal growth and development
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CMIP5 Models

FGOALS- GISS-
g2 E2-R
HadGEM2- inmem4 IPSL-
ES CM5A-MR
MRI-
CGCM3 NorESM1-M
CCSM4

ASR Fall Working Groups Meeting, 28 October-2 November, 2012



Relevance of Phase
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Frequency

What’s the Cause?
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The Role of Aerosols
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Model-Intercomparison Driven Campaign?

Can we desigh a measurement campaign that is
specifically designed around what we’ve learned from
the model intercomparisons?

What key variables do we need!?

- Detailed information on evolution of temperature
and moisture structure and large-scale advection of
these terms

- Detailed aerosol information, including IN
concentrations, CCN properties, aerosol composition
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Modeling Paradigms

Sea Salt

e
L

Biomass Smoke

. m
o

Nucleation Aitken Accumulation Coarse

1 10 100 1000 1000
Particle Diameter, nm

Figure from Brasseur et al. (2003, modified)
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Modeling Paradigms
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Figures from Bigg (1980, top) and Brasseur et al. (2003, bottom, modified)
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Relevance of Phase
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The Role of Aerosol Properties
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Modeling
ADD THIS DISCUSSION IN THE PREVIOUS SLIDES

- Would our simulations look different with a revised
aerosol treatment?

- What would be the impact on the spatial distribution
of ice nucleation? Of aerosol transport! On ice
nucleation timing (stochastic parameterizations)!?

- Can we measure get long-term bulk measurements
of ice nucleation efficiency by size/composition!?
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Open Questions

Some (limited) unanswered questions:

- Cloud droplets are generally believed to form near cloud base and
grow in updrafts (Ervens et al, 20I11), but ice crystals have been
hypothesized to form on aerosol entrained into the cloud from above
(e.g. Prenni et al.,, 2009; Ervens et al,, 201 |; Jackson et al, 2012; Fridlind
et al,, 2012). Are the aerosol stratified in this manner? If so, is this true
at all times, or does the cloud act to cause this stratification? If not, are
we missing the nucleation mechanisms responsible for mixed-phase ice?

- Can we better characterize the mode of ice nucleation for mixed-
phase cloud conditions! @ Can we explain observed connections

between droplet size distribution and ice formation (e.g. Lance et al,,
201 I; Hobbs and Rangno, 1985)?

- Can we come close to closing the aerosol budget? Where do the IN
come from? What fraction of CCN are also capable of nucleating ice
and what is the composition of the particles nucleating ice!?

- Large scale influence?
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