
Determining Ice Water Content from 2D crystal image s 
Delphine Leroy1,*, Pierre Coutris1, Emmanuel Fontaine1, Alfons Schwarzenboeck1 and J. Walter Strapp2

1 : Laboratoire de Météorologie Physique, CNRS/Université Blaise Pascal, Aubière, France
2 : Met Analytics, Inc., Toronto, Canada

* Corresponding author: d.leroy@opgc.univ-bpclermont.fr

Acknowledgements: The research leading to these results has received funding from (i) the European Union’s Seventh Framework Program in research, technological development and demonstration under grant agreement n°ACP2-GA-2012-
314314, (ii) the European Aviation Safety Agency (EASA) Research Program under service contract n° EASA.2013.FC27, and (iii) the Federal Aviation Administration (FAA), Aviation Research Division, and Aviation Weather Division, under agreement
CON-I-1301 with the Centre National de la Recherche Scientifique. Funding to support the Darwin flight project was also provided by the NASA Aviation Safety Program, the Boeing Co., and Transport Canada. Additional support was also provided by
Airbus SAS Operations, Science Engineering Associates, the Bureau of Meteorology, Environment Canada, the National Research Council of Canada and Universities of Utah and Illinois. The authors thank the SAFIRE facility for the scientific airborne
operations. SAFIRE (http://www.safire.fr) is a joint facility of CNRS, Météo-France and CNES dedicated to flying research aircraft.

Laboratoire de Météorologie Physique,  http://wwwobs.univ-bpclermont.fr/atmos

EGU 2016

In-situ probes

2DS 
& 

PIP

Ice crystal images Number Distributions - N(D)
Integrated values:

Total Water Content 
(TWC)

&
Median Mass 

Diameters (MMD)

Mass-size relationshipParticle Sizing

Values for 

β ? α ? 

M
O
T
I
V
A
T
I
O
N

S
T
R
A
T
E
G
Y

F
O
R

β
HAIC/HIWC 

field campaigns 

3D 
ice crystal 
simulations

&

corresponding 
2D ice crystal 

images

β

Extract various parameters:
Dmax, Deq, Dm, Dy, Area, 

Perimeter, Area-size 
relationship � � �	��	and 
Perimeter-size relationship
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β = f(σ,τ)
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Size definition
for D

Equation β= f(σ,τ) r2

Maximum 
dimension 
Dmax

β=1.712 σ -0.623 τ 0.815

Area equivalent
diameter

��� � ��
�

β=3.912  -1.038 τ 0.888

Mean chord
length
�� � � !�"

#
β=1.751 σ -0.700 τ 0.855

Length along
array of 
photodiodes Dy

β=1.393 σ -0.206 τ 0.670

• Based on the simulation of 1000 2D images 
from 45 different crystal habits.

• More details in Fontaine et al. (2014) and 
Leroy et al. (2016).
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Size definition
for D

Equation α= g(β,T) , T in K

Maximum 
dimension: Dmax
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Example for the Dmax case 
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TWC larger than 0.4 g/m3 are all produced with
roughly a 20% accuracy. 

Best results are obtained for Dmax. 

TWC below than 2 g/m3 (resp. 1.5 g/m3) are almost unbiaised
for Dmax and Dy (resp. Deq and Dm) whereas larger contents 

are slightly underestimated. With the proposed method :
• it is possible to compute TWC from solely the optical array probe data, for 

various size definitions, with a 20% accuracy ;
• the parameterizations established for α and β provide time-varying values that

reflect changes in the ice crystal habits (through the description of the area 
and perimeter-size relationships) and the sample conditions (through
temperature).

The method can be used to provide TWC values for previous flight campaigns
where bulk TWC measurements are not available.
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