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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:  Field et al., 2005 
(Quart. J. Roy. Meteor. Soc.

Frequency distributions
ice mass observed at 
different temperatures.
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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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cloud radar

in situ
probes 

University of  Wyoming King Air aircraft
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Cloud Time Echo top Penetration 
altitude

Est. min. 
temperature 

(°C) 

LWC
(g m-3)

2D ice conc.
(L-1) 

A 00:21 6400 m 5800 m −26 ~ 0.05 50

A 00:27 (horizontal beam) 5930 m −26 ~ 0.05 35

A 00:32 6200 m 6060 m −25 0.10 5

A 00:34 6200 m 6060 m −25 0.12 2

Change in composition accompany the lowering of
the height of cloud top.
 •  shorter growth time, hence poorer detection 
 •  real change in aerosol (ice nucleus) content
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Cloud Time Echo top Penetration 
altitude

Est. min. 
temperature 

(°C) 

LWC
(g m-3)

2D ice conc.
(L-1) 

A 00:21 6400 m 5800 m −26 ~ 0.05 50

A 00:27 (horizontal beam) 5930 m −26 ~ 0.05 35

A 00:32 6200 m 6060 m −25 0.10 5

A 00:34 6200 m 6060 m −25 0.12 2

B 00:37 6900 m 6120 m −28 0 15

D 00:39 6400 m 6120 m −26 0.12 10

D 00:42 6400 m 5200 −16 (6) in evap. trail

C 00:44 5700 m (conv.) 5230 −21 0.4 2

Rough indication of temperature trend, as expected. 

Given the complexities of clouds and the limitation of measurement 
techniques, cloud structure need to be considered, and data scrutiny is 
essential.
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One Cb over the Asir Mountains, Saudi Arabia
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Summary of ice concentrations by cloud types - Duero Basin, Spain
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[L-3 T-1]
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How to determine J experimentally ??

Approach A:  Bring to S or T a large number of identical volumes 
with the same probability of containing an identical nucleus.

Approach B:  Repeated exposure of the same sample to the same S 
or T,  assuming that the nucleus remains unaltered.

Both approaches have to accept that S or T has to be reached at 
some finite rate from the stable state of the parent substance, i.e. 
S=0 or T=0
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Koop 2004 (Z. Phys. Chem):

Differential scanning calorimetry of emulsion of water in oil 

A
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Benz et al.  2005 (J. Photochem. Photobiol.)

Cloud chamber observation 
of rate of ice formation 

A
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Source:  Seeley and Seidler, 2001 (Phys. Rev. Lett.)

Repeated freezing of a single drop with long chain alcohol monolayer
during cycles of steady cooling.

rate = number freezing within interval / number not frozen at that temperature

B
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Source:  Zobrist, Koop, Luo, Marcolli, Peter 2007 (J. Phys. Chem.)

vo
lu

m
e

B

26



Gabor Vali Karslruhe, September 200727



Gabor Vali Karslruhe, September 200728



Gabor Vali Karslruhe, September 2007

B

29



Gabor Vali Karslruhe, September 2007

Repeated freezing of drops with soil suspension - 110 drops, 57 cycles

Rank correlation between first an last run significant to 0.01%

Mean freezing temperature decreases 0.05°C per cycle.
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Random variation with σ = 0.28°C accounts for 78 % of observations.
The remainder is roughly described by normal pdf with = σ 1.8°C

change in freezing temperature from one run to the next
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for normal distribution:

σ(xi-xj) ≈ 1.4 × σ(xi-<x>)
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The contribution of stochastic fluctuations in embryo growth to the 
determination of freezing temperatures is ± 0.2°C, on top of a 
temperature determined by the singular properties of the nucleus.
This can be seen in terms of a nucleation rate J rising sharply within that 

narrow temperature interval, with the characteristic temperature fixing 
the base temperature.

0.4°CJ

T
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   Positives: 
•  alcohol monolayer, soil, silver iodide, Ps. syr. results are very similar
•  by separating the effect of molecular fluctuations from alterations of 
   the nuclei with time, the nucleation rate  J  is found to be a steeper 

   function of temperature then in previous work

    Unresolved:
•  better definition of the form of the rate function
•  reconcile with dependence on cooling rate
•  temperature dependence of the rate function

   

34



Gabor Vali Karslruhe, September 2007

 Consequences 

• The rate function is not a unique property of the substance, but has 
to be formulated/adjusted specifically to every nucleus/site 
(singularity).  As an approximation this may be an additive term to 
temperature. 

• Fitting a rate function to observations from repeated freezing of  
single drops that assumes that the nucleus remains unaltered during 
the process can lead to erroneous results.
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