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What | hope to provide :
How are small particles and clouds related?

How do we measure the particles that form clouds (and when have we
not done this correctly)?

Clouds beyond Earth

Vision Statement

Illi |- Kenneth Libbrecht, CalTech a EA PS

rth. Atmaspher
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Introduction: How Clouds Form
(and why you should care)




Cloud Types 0
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Droplet Activation
Need to understand B Droplet ..to understand this.
these... >
(Grey = Soluble Particles take up
or Insoluble) water
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Cziczo and Froyd, 2014




Why Are Clouds Important? :

Climate
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Same as the ENTIRE Direct
Aerosol Effect!
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Why Are Clouds Important? : 0 . -
Precipitation ivil and Environmental Engineering

Phamo by R Ptier

http://wdict.net/gallery/bergeron+process/; Pruppacher and Klett, 1997
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Why are Cloud Important?: Icing 0
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http://www.weather.gov/source/zhu/ZHU_Training_Page/icing_stuff/icing/icing.htm
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How Do We Study Clouds?
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“Finding” or “Making” Clouds

e “Find a Cloud” Iis more intuitive : the only way to
determine what really form ice Is In situ

conditions required for formation
as the cloud has formed

ke” clouds in order to understand
formation conditions (or for extraterrestrial-conditions)
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In Cloud Sampling c oo

5. Collection / analysis
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Seminal work by Ogren, Heintzenberg, Noone, et al. : CN, OPC, SMPS, EM
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Making Clouds 0
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Spectrometer fr Ice Nuclei (SPIN)
Commercially available from DMT, Boulder, CO
Based on Zurich Ice Nucleation Chamber (Stetzer & Lohmann)
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Analysis of Ice Residuals

Single particle size and composition (0.2 — 3 mm)

Online - PALMS
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Offline — SEM + EDS
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Too Easy...
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Homogeneous Ice Nucleation and Supercooled Liquid Water in Orographic Wave Clouds

ANDREW J. HEYMSFIELD AND LARRY M. MILOSHEVICH
National Center for Atmospheric Research,® Bowlder, Colorado
{Manuscript received 4 June 1992, in final form 12 October 1992)
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Artifacts 0
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show unequivocal shatter artifact
prior to 2010 that can’t be
removed from data (complex
function of crystal size, density,
aircraft velocity and angle of
attack, etc.)

Alexei Korolev
Cloud Physics and Severe Weather Section
Environment Canada
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CVI Sampling Artifacts
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Re-evaluate that early work... 0
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Flgure L. Pic chan showing of various residual particle types vbserveal in the 757 and DC-8 contrails. Soot was identified by its

morphology, metals were or Ti, and minerals were predominately Ca, but also Na, Al, K, andior Fe, "Mix™ means sulfur was also present
in substantial aburdance. Non-volatiles could be silicates or soot, while at Jeast sorme volatiles contained carbon,

Noone, Heintzenberg, Petzold 1992 - ; Twohy et al. 1998 -
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