
Dual.Polarization Concept for Rain observationRadiometer Physics 1

Discrimination of cloud and rain liquid water path by 
groundbased polarized microwave radiometry

Harald Czekala

Radiometer Physics GmbH

RPG



Dual.Polarization Concept for Rain observationRadiometer Physics 2

Overview
1. Introduction
2. Motivation: 

• Rain contamination of microwave liquid water 
path (LWP) measurements

• Sensitivity problem
3. Radiative transfer modeling
4. Sensitivity of TB and PD to a raining atmosphere
5. Proposed retrieval technique
6. Validation results
7. Future instrumentation
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Rain contamination of LWP measurements
• Thick clouds: „in-cloud“ rain, drizzle, no surface rain
• Definition: r < 0.5 mm  „cloud“

r > 0.5 mm  „rain“
• Mixture of rain/cloud a-priori unknown

• Passive Microwave observations:
– ambiguous sensitivity in brightness temperature (TB)
+  polarization difference (PD) caused by rain only

(definition: PD = TB_v – TB_h) 

• Dual-polarized microwave radiometers required for 
decomposition of rain and cloud fraction

• Radiative transfer model used to calculate the 
combined TB / PD response of cloud / rain mixtures
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Sensitivity to Drop Size Distribution

Cloud Response

Rain Response

LWP 2 LWP 1

– Sensitivity of TB/LWP dependence different for rain and cloud
– Mixture of rain and cloud unknown
– Ambiguous LWP estimation in the (unknown) presence of rain

LWP 1 assuming cloud DSD
LWP 2 assuming rain DSD
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Radiative Transfer Model
• Solves the vector radiative transfer equation (VRTE)
• One-dimensional, plane parallel (coordinates z and Theta)
• Multiple scattering: Successive order of scattering (SOS)
• Single scattering properties: T-Matrix code by Mishchenko
• Rain drops: Chebyshev shapes, Marshall-Palmer DSD
• Mixing of rain and cloud simultaneously in one layer

Aspect Ratio
varies with

diameter

Chebyshev cross sections
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Vector radiative transfer equation VRTE

angles and planes
of polarization

extinction matrix

absorption vector

scattering phase matrix

differential change
of Stokes vector
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Radiative transfer results

20° elevation

45° elevation

80° elevation

upwelling TB downwelling TB

upwelling TB downwelling TB

upwelling PD downwelling PD
upwelling PD downwelling PD
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Cloud Response

Unpolarized 
Response
Cloud
Rain
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Realistic drop
size distributions
from detailed 
microphysical 
cloud model

dual polarized retrievals
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Validation: Model versus Measurements
Model calculation with varying
• rain rate
• rain layer height
• air temperature

Measurement data:
• Dual pol. 19 GHz radiometer
• 18 months of data, 10s res.
• groundbased
• 30° elevation measurement data

model with non-spherical rain drops

model with spheres
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Dual polarized radiometers
• Precipitation: 19 GHz, additional 

channels at 10 GHz and 30 to 40 GHz
• Ice clouds: 90 and 150 GHz
• Vertical and horizontal polarization 

with high accuracy (< 1.0 K)

Example: 90 GHz and 
150 GHz dual-polarization

University of Bonn: pending
proposal for 6 channel system
(Alessandro Battaglia)
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90 / 150 GHz radiometer

90 GHz 150 GHz
v / h pol.

OMT
(0.4 dB loss)

dichroic 
plate

isolator

amplifier

bandpass
filter

detector

LO
(Gunn)

mixers

IF ampl.

digital read out
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Dual polarized radiometers

ADMIRARI
(10.65, 21.0, 36.5 GHz)
Dual-Polarisation
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Conclusions
• Polarization signal from oriented nonspherical rain drops 

gives additional information for the remote sensing of LWP
• Use of polarization leads to higher accuracy of LWP

in thick clouds
• Cloud and rain LWP can be derived independently
• Rain detection possible (even with no surface rain rate)
• Some information about drop size distribution may be derived
• Cloud process studies: Observe drop size distributions 

evolving from cloud droplets towards falling rain drops

For further information on polarized 
instruments and algorithms:

czekala@radiometer-physics.de

http://www.radiometer-physics.de


