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Abstract. Clouds are an essential part of the climate system determining the distribution of water 
and energy. Despite their importance their prediction via weather and climate models remains 
problematic. Upcoming spaceborne observations are envisioned to provide new insights into 
global cloud characteristics for climate studies and to improve numerical weather prediction via 
data assimilation. Specifically, the future Eumetsat Polar System – Second Generation (EPS-SG) 
to be operated within the 2020–2040 time frame will include three passive microwave 
instruments for enhanced cloud observations. In particular the Ice Cloud Imager (ICI) with 
eleven channels between 183 and 664 GHz will for the first time exploit submillmeter wave 
frequencies for operational ice cloud imaging. Furthermore, ICI will target the vertical humidity 
profile and information on hydrometeors (cloud ice, graupel, snow, rain and cloud liquid). It 
should be noted that ICI measures at both V and H polarisation with two window channels (243 
GHz and 664 GHz) that provide additional insight on hydrometeor scattering. 

In order to retrieve cloud properties like ice / snow water path, cloud ice effective radius, cloud 
altitude and further hydrometeor information from (sub-) millimeter measurements the scattering 
signal by ice particles that increases with increasing frequency is exploited. However, also water 
vapor and liquid water absorption increase with frequency and the observed brightness 
temperatures strongly depend on the vertical structure and composition of clouds. Frequently, 
layers of supercooled liquid are embedded in or found on top of ice clouds. Xie et al. (2015) 
could show that the stratification of absorbing (vapor, liquid) and scattering (ice/snow) layers 
changes both brightness temperatures and polarization difference and that accurate information 
on liquid water is required to correctly interpret the polarimetric observations. 

Microwave radiometers are the basic observational tools used to measure liquid water path 
(LWP). However, a large fraction of liquid-bearing clouds are supercooled (i.e., Tcloud < 0°C) 
and only very few laboratory observations of liquid water absorption coefficient in microwave at 
supercooled temperatures are available. Consequentially, microwave absorption models use 
semi-empirical models that are derived from laboratory measurements at warm temperatures and 
extrapolated to supercooled temperatures. Therefore it is not surprising that different models for 
the complex permittivity of liquid water – among them the frequently used model by Liebe et al. 
1991 – differ significantly in particular at higher frequencies leading to uncertainties of up to 
80% in LWP (Kneifel et al., 2014). 



This lecture will introduce the upcoming ice cloud mission to be launched in 2021 and illustrate 
the challenges in retrieving cloud parameters from polarimetric measurements up to 664 GHz. In 
particular the impact of supercooled liquid water will be discussed and new developments to 
model liquid water absorption based on field observations and older laboratory data will be 
presented. 
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