
ASP Colloquium 2009 - Exploring the Atmosphere 1

Clouds and precipitation

• quick review of basic ideas

• topics of debate

• impacts of uncertainties in cloud physics 

Gabor Vali  -  University of Wyoming
with many contributions; my own where no other reference given
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aerosol  ➜  cloud droplet
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Köhler theory

curvature       solution
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Andreae & Rosenfeld,  2008,  Earth Sci. Rev. 89, 13-41
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Supersaturation due to competition between adiabatic lifting versus 
uptake of water vapor by a population of cloud condensation nuclei.  
Supersaturation reaches a maximum close to cloud base at which point 
the droplet number reaches a stable level.
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Yum, Hudson & Xie,  1998,  J. Geophys. Res. 103, 16625
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Khvorostyanov & Curry,  2009,  J.  Atmos. Sci.   (to appear)

lower bound

upper bound
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cloud droplet populations
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diffusional growth:

initial spread in sizes due to CCN, GCCN, UGCNN

effects of turbulence, mixing, entrainment, ....
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Brenguier et al., 1998,  J. Atmos. Ocean. Techn. 15, 1077
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Arabas, Pawlowska & Grabowski, 2009 
Geophys. Res. Lett. (to appear)
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cloud droplets  ➜  rain drops

12



13



14



ASP Colloquium 2009 - Exploring the Atmosphere 15

30 min

28 μm

Cooper, Bruintjes & Mather 1997,  J. Appl. Meteor. 36, 1449

stochastic coalescence 
equation

key inputs: 
     collision efficiency
     coalescence efficiency
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List, Fung & Nissen 2009,  J. Atmos. Sci. (to appear)
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filament
breakup

sheet
breakup

disk
breakup

coalescence

1 cm
List, Fung & Nissen 2009,  J. Atmos. Sci. (to appear)



ASP Colloquium 2009 - Exploring the Atmosphere 18

rain drop size distributions, N(D)
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exponential, gamma, etc. pdf

sub-cloud evaporation
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drizzle and rain observations
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radar reflectivity: 

Doppler velocity: 
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800 μm
drops
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Source: G. Vali, unpublished
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aerosol  ➜  ice particle
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ice multiplication processes ??
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Homogeneous ice nucleation in pure water

Homogeneous ice nucleation in haze droplet

Heterogeneous ice nucleation on solid particle
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€ 

Size distribution of germs :      N(n) = No e
−ΔG(n)/kT

    

€ 

Nucleation rate :      J = A  e−ΔG* /kT
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Benz et al.  2005 (J. Photochem. Photobiol.)

Cloud chamber observation 
of rate of homogeneous 
freezing nucleation.
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-38°C -35°C
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Si < Sd < Sw

Tif

Sw ≈ 1 at Tcnf

T < Tctf
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Welti et al., 2009,  Atmos. Phys. Chem. Disc., 9, 6829-6955.

ZINC - Zurich Ice Nucleation Chamber: continuous flow, parallel plate diffusion chamber
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Zimmermann et al., 2007 Atmos. Environm.
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Zimmermann et al., 2007 Atmos. Environm.
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ice nuclei and ice particles in clouds
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Source:  Korolev et al., 2003 (Quart. J. Roy. Meteor. Soc.)

Zones of ice and liquid clouds by temperature.
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Source:  Gultepe et al., 2001(Int’l J. Climat.)

Ice particle concentrations from aircraft measurements (2D-C probe) in various projects 

mean conc. for
2°C intervals

ice nucleus
measurements 
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ice crystal riming

ice crystal aggregation

secondary ice origins
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ice crystal growth from the vapor
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Bailey & Hallett, 2009, to appear J. Atmos. Sci.
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C. Knight photo

G. Vali photo



ASP Colloquium 2009 - Exploring the Atmosphere 43

0     -2       -4     -6      -8     -10    -12    -14    -16
                      temperature (C)

nu
m

be
r 

of
 ic

e 
cr

ys
ta

ls
 p

er
 m

g 
of

 r
im

e

Hallett and Mossop, 1974



ASP Colloquium 2009 - Exploring the Atmosphere 44

Leading edge of stack of clouds looking roughly N at 6400m altitude;  45 km E, 75 km N of LAR at 19:50 UTC, may 9, 2000
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-16°C
-19°C -18°C 20...40 L-1

20 dBZ (factor 102) increase in Z
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WYICE00 may09 18:17 - 18:19
30 km W, 83 km N; 103° hdg
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WYICE00 may09 18:17 - 18:19
30 km W, 83 km N; 103° hdg
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WYICE00 may09 18:06 - 18:10
30 km W, 80 km N; 282° hdg
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Damiani, Vali & Haimov, 2006, J. Atmos. Sci., 63, 1432.
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ice concentration:  8 L-1 on this pass

                            30 L-1 2 min later

                            60 L-1 5 minutes later 

Damiani, Vali & Haimov, 2006, J. Atmos. Sci., 63, 
1432.
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cloud physics frontiers
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Prediction of cloud characteristics from aerosols. 

Large droplets at the tail of the distribution.

Origins of ice particles.

Turbulence and entrainment effects.

How to formulate relevant dynamical conditions ? 

How to deal with variability on many scales ?

Outstanding issues in microphysics:
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Radiative properties of ice clouds, broken cloud 
fields, droplets with black carbon, .... 

Quantitative precipitation forecasts.

Cloud seeding effectiveness.

Pollution effects on clouds and precipitation.

Incorporation of cloud microphysics in models.

Interpretation of remote sensing data.

Areas of intense research activity:
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cloud physics  ➜  applications
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Jankov et al., 2009 JHM (to appear)

WRF-ARW model for CA atmospheric river events
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observed Lin 

WSM6 Thompson

Schultz

Hourly average reflectivity
over 48 hours.

Jankov et al., 2009 JHM (to appear)
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graupel

snow

rain

a)  Lin scheme b)  w/o snow accretion by graupel

c) w/o snow accretion by graupel and lower autoconversion

a)  Lin scheme

b)  and c) 

Jankov et al., 2009 JHM (to appear) 58
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Tasmania silver iodide seeding

Pooled 276 months of data.

Double ratios and confidence 
intervals for the HECA & CSIRO 
targets vs. the west (W), 
northwest (NW), high quality 
(HQ), northeast (NE) and 
southeast (SE) controls. The 
bootstrap probabilities for 
obtaining a double ratio higher 
than the actual is shown above 
the horizontal axis. 

HECA target

CSIRO target
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Morrison et al., 2009 JAMC (to appear)
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% per century +−
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upslope
decrease

downslope
increasePollution effect:

Look for upcoming exchange of Alpert, Halfon & Levin
vs. Givati & Rosenfeld in JAMC (based on statistics).


