— - ———

EG European Geosciences Union’
U General Assembly 2016

Vienna | Austria | 17-22 April 2016

e

Laboratoire de météorologie physique

http://wwwobs.univ-bpclermont.fr/atmi

© Photo Francis DEBAISIEUX

Retrieval of ice crystal size related mass from IWC and PSD
measurements : a numerical optimization approach

Pierre Coutris*!, Delphine Leroy!, Emmanuel Fontaine!, Alfons Schwarzenboeck! and J. Walter Strapp?

L Laboratoire de Météorologie Physique (LaMP), CNRS/Université Blaise Pascal, Clermont-Ferrand, France
2 Met Analytics, Inc., Toronto, Ontario, Canada

_ * Corresponding author : p.coutris@opgc.univ-bpclermont.fr

Studies related to ice clouds often use the Particle Size Distribution (PSD) and Ice Water Content (IWC) to derive mass-size relationships [1], [2]. Crystals are sorted in size bins forming the PSD, whereas IWC
constitutes the bulk measurement of the corresponding total mass of ice per volume of air. In most methods used to compute individual ice crystal mass from size, shape, and bulk information such as IWC or radar
reflectivity [3] a power law is assumed. The coefficients of the mass-size relationship are then derived from fits of experimental data points and constrained by in-situ bulk measurements.

In the following, we present a new approach for the retrieval of ice crystal masse s from PSD and IWC without presuming a particular form for the mass-size relationship. The method searches for the entire
PSD the specific masses of crystals sorted in sufficiently narrow size bins. The mass vector is computed by solving an inverse ill-conditioned problem with numerical optimization techniques

Problem statement: Minimization algorithms  [4] : Validation of the proposed method:

Inverse problem (1) and objective function to be minimized (2) : The minimization is performed using iterative algorithms : Robustness and performance are assessed using synthetic crystal
 move from one iterate to the next : Line Search approach populations:

PSD.m = IWC (1) o _mk+1 = m¥ 4 o . p¥ « known 3D geometry and mass
» search direction : p* inexact Newton-CG  method « possibility to gradually increase data noise (due to loss of

J(m) & ||PSD.m — IWC||? + .R(m) (2) ) o information during 2D projections of 3D volume mainly)
o steplength: a™ =1 or Backtracking Line Search scheme

Validation of optimization results:

With m the mass solution vector of the bin resolved problem (1) OptImIZ?f[IOI’l param_eter_s: | 3 different synthetic crystal populations following a normal
* A optimal determination: L-curve technique distribution law (mean = u , standard deviation = ¢ ) are generated:

PSD matrix of Particle Size Distribution . atin - L
regularization : enforce curve smoothness [5] « sub-dataset n°1: (u = 300 wm), used to perform the optimization

Iwc ot vector (_)f IWC values - Dyj=syfori=j ] , and compute the mass solution
A €ER regularization parameter R(m) = |D-m|?, D |p,,= e Sub-dataset n°2, n°3: (u = 100, 600 pm, respectively), used to
validate the mass vector retrieved from sub-dataset n°1

b = = spfor D=4l T T (i, + 503
R(m) regularization function _ 0 elsewhere
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Merystal = P - Vcrystal & IWC; = z Merystal
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0.5 | | | | | | In 10 size bins . To compute the crystal 350 — Popn2
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linearly independent subpopulations — i.e. 3001
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linear system is formed.
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The method proves to be very promising : results based on low complexity synthetic datasets reveal very good ability to retrieve masses that fit experimental data while allowing the use of potential prior
knowledge via the regularization term. Computation time for PSD ranging from 15 to 935 pm (93 size bins of 10um width) is in the order of a few tens of seconds.

Upcoming work will focus on:

* Increasing the synthetic dataset complexity by allowing more realistic crystal geometries (e.g. aggregates of ice crystals, inclusion of air in capillary spaces)

 ldentifying prior information  with respect to ice crystal microphysics that could be used to improve minimization results and define a regularization function accordingly
* Applying the method to HAIC/HIWC  flight campaign datasets (1284 size bins of 10um width) and assess the guality of mass retrieval from in-situ measurements dataset
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