Microphysical properties of ice particles as revealed by satellite

microwave polarimetric measurements and radiative transfer modeling
A proposed cloud scattering polarization parameterization for un-polarized fast RT models
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1. Motivation

« Stratiform clouds have shown to produce highly polarized (TBV-

TBH=TBVH) passive microwave observations at frequencies above 80 ean 166V (KL R o 1 o
GHz (~10K at 166 GHz) due to the deposition and aggregation growth GERTEN b i sy AL RROAS fan g}i

of snowflakes that are predominantly oblate and horizontally oriented.
This contrasts with convective regions that show smaller polarization,
as graupel and/or hail become randomly oriented. Polarized microwave
observations could thus be used to classify observations as
convective/stratiform.

A number of questions arise when radiative transfer (RT) experiments L
are used to explore polarized microwave cloud signals: are polarized
models robust? What do observations have to offer?
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» Operational radiative transfer models do not account for polarized _
scattering. We propose here to derive an estimate of the polarization s
difference (TBVH) at 89 and 166 GHz to be applied to un-polarized %ﬁ}iﬁg&’ -'
calculations, based on the analysis of one year of GMI observations. _?"“‘:?”“1," S DL
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2. Methodology (o) g f ST T T | (i) —— -

« All 2015 TBV and TBVH observations at 37, 89 and 166 GHz are
analyzed over both land and ocean surfaces, and parameterized using
a Hermite cubic spline interpolation.
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« A radiative transfer (RT) modeling framework is applied to a case study ) ’“ g ff.::__-: S T B *{"il. 1 B N N SN e
with coincident GMI observations: deep convection in Southeastern i T VI el T kD A 1
South America to physically support the statistical relationships
parameterized. The Atmospheric Radiative Transfer Simulator (ARTS)
DOIT scattering solver is coupled with the Goddard Profiling Algorithm
(GPROF) hydrometeor mixing ratios, to model the sensitivity of
polarized signals to ice particle microphysics parameters.
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5. RT modelling to physically support statistical relationships parameterized

166V GHz

The single scattering properties were calculated using the T-matrix, for spheroids (both randomly
oriented and horizontally aligned) and the DDA Liu (2006) sector habit with the equal mass size
approach to ensure consistency (Galligani et al., 2017) with the WRF patrticle size distribution. Different
oriented spheroids were tested and their microphysical properties include densities ranging from 0.1-
0.3 g/cm3 and aspect ratios of 1, 1.3 and 1.6.

A. Scatter plot of the TBV simulated vs. the median B. Applied parameterization to different

simulated TBVH over land for the case study in Figure 3: transects: reconstructing TBVH from the
TBV-TBVH GPROF simulations SimUIatEd TBV
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Figure 5. The color curves illustrate the median TBVH versus TBV at (a) 89 GHz and (b) —59.5 —59.0 -585 -580 -57.5 -57.0 595 —59.0 -58.5 -58.0 -57.5 -57.0
166 GHz as simulated by the radiative transfer framework implemented for the case — DDA simulation - Applied parametrization to DDA simulations
study (land only). The simulated TBV and TBVH are binned in 1 K bins. The solid black — Applled paramettization fo GMITBY
curve illustrates the real GMI observations while the dotted black curve is the proposed Figure 7.

89 GHz 166 GHz Hermite parameterization as shown in Figure 2.

Figure 6, 7. Panels (6,7 a) show the observed and simulated
—— Scene median (DDA simulation, light green curve in Figure 5) TBVH with solid

6. Future work: Test the RT framework with the recently black and solid blue curves respectively for two transects shown

: : : : : in Figure 3. The dashed blue and dashed black curves
available ARTS Microwave Smgle Scatterlng Propertles additionally show the reconstructed TBVH using the presented

Database with oriented particles. parameterization for the observed and simulated TBV.
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