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Introduction
Understanding electromagnetic scattering by ice parti-
cles is important for microwave radiative transfer and re-
mote sensing. Ice aggregates have complex shapes, but
are generally simpli�ed in models. Improving the rep-
resentation of aggregates could lead to better weather
prediction through data assimilation, for instance.

This study investigates the impact of aggregate charac-
teristics on single and bulk scattering properties. The
total modelling system consists of two parts. 1) Gener-
ating particle model data, and 2) Calculating the scat-
tering properties of generated particles.

This poster is based on the study presented in [1].

Particle model data
Aggregate particles were generated in a stochastic fash-
ion, explicitly simulating the aggregation of hexagonal
crystals.

Several simulation runs were performed, assuming dif-
ferent crystal axis ratio rcryst, ranging from 1/15 to 15.
rcryst is here de�ned as rcryst = h/(2a), where h is the
height and a the side base length of the crystal.

Fig. 1: Example aggregates composed of columns, blocks

and plates (rcryst = 15, 1 and 1/15, respectively.)

The particles are here mainly characterized using the
aerodynamic area ratio Ar:

Ar =
4Aaer

πD2
veq

,

where Aaer is the aerodynamic area and Dveq is the

volume-equivalent diameter of the particle.

Scattering calculations
Electromagnetic scattering by the aggregates was calcu-
lated using the Discrete Dipole Approximation (DDA)
method, which treats arbitrarily shaped particles. The
Amsterdam DDA implementation was used.

Incident radiation travels along the nadir or zenith di-

rection, and particles are aligned with their maximum

moment of inertia axes normal to the horizontal plane.

Results: single scattering
Single scattering properties are shown in terms of extinction e�ciency Qe at common passive microwave frequencies
183.31, 325.15 and 664.00GHz, and back-scattering e�ciency Qb at radar frequencies 13.4, 35.6 and 94.1GHz.

Only particles with Dveq ≈ 2mm are shown here.
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Fig. 2: Left: Ar as a function of rcryst. Middle: Back-scattering as a function of Ar. Right: Extinction as a function of

Ar. Points represent individual particles, while the full lines are 3-degree polynomial �ts and dashed lines are the associated

prediction bounds. R-squared values (R2) are reported for each �t in the legends.

Results: bulk scattering
Bulk scattering quantities (i.e. scattering from a whole volume element) such as the extinction coe�cient γe, are
calculated for particle ensembles assuming an exponential size distribution, i.e. N(Dveq) = N0e

−ΛDveq .

Bulk back-scattering is shown in terms of radar triple frequency signatures, de�ned as pairs of dual wavelength ratios
(DWR), i.e. ratios of radar re�ectivities (in log-space) at three selected radar frequencies.
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Fig. 3: Bulk scattering properties, divided into lines of rcryst. Legends are common to all panels. Left: Bulk extinction as a

function of ice water content (IWC) at 183.31GHz and 664.00GHz. Middle: As left, but with snowfall rate Rleq on the x-axis.

Right: Triple frequency signatures, at frequencies: 13.4, 25.6 and 94.1 GHz (Ku, Ka and W-band, respectively).

Conclusions
A clear impact of crystal axis ratio (rcryst) on resulting
simulated aggregates characteristics, e.g. aerodynamic
area ratio (Ar), can be observed.

Moreover, Ar shows a clear impact on investigated single
scattering properties, i.e. extinction e�ciency and back-
scattering.

Bulk extinction (γe) shows less sensitivity to rcryst at 664

GHz than at 183 GHz. Also, retrieval of snowfall rate is

potentially more accurate than for ice water content.

Outlook
Ongoing e�orts focus on the impact on radiative transfer
simulations.
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Fig. 4: Occurrence frequencies of simulated brightness tem-

peratures, assuming di�erent particle models taken from [2].

Simulations mimic GPM Global Imager (GMI) measure-

ments over the tropical paci�c ocean. Synthetic scenes based

on the v2.1.1 DARDAR product were used as input.
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