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Image: EUMETSAT

ICI retrieval products:

• Ice water path (column ice 

mass)

• Mean particle diameter

• Mass-mean cloud height

EPS-SG Satellite B1 due to 

launch Dec 2025, carries Ice 

Cloud Imager (ICI)

Passive submillimetre radiometry: 

A new method for ice cloud remote sensing

IR only sensitive to cloud top for optically thick clouds

Lidar/Radar have very limited spatial coverage

Current 

observations

ICI bands

Non-linear 
relationship between 

ice mass and 
brightness 

temperatures

Non-Gaussian 
statistics

Multiple-scattering  
(polarised) radiative 

transfer model 
required

Complex and variable 
ice crystal shapes 

(and scattering 
properties)

Uncertainties in ice 
size distribution

Retrieval Challenges



A decade of ISMAR observations

Kristineberg, 2014



The cloud problem

How do we determine cloud 

properties at time and location of 

ISMAR observations???



Some history







Radar reflectivity at 35 and 94 GHz

Observed and simulated BT and polarisation difference 

at 243GHz



• Knowledge of the vertical structure of ice clouds is essential to properly 
evaluate passive sub-mm forward models and retrievals

• Cloud radars can provide a strong constraint on the vertical structure of 
ice clouds

• Need to know both ice mass and size distribution



• Simultaneous passive microwave/sub-mm and radar measurements of ice clouds

• Multi-frequency, (doppler) radar to better constrain size distribution

• Use to evaluate ice crystal scattering models and sub-mm radiative transfer 
simulations

CCREST-M goals

If the radar will not come to 

the clouds, then the clouds 

must go to the radar…

Characterising cirrus and ice cloud across the spectrum - 

Microwave



CCREST-M
Coordinated flights with FAAM aircraft and Chilbolton 

Atmospheric Observatory

CAMRa 3GHz, scanning

mini-BASTA (LATMOS) 

94 GHz, scanning

Copernicus 35GHz, vertical pointing

Kepler 35GHz, scanning





Airborne instrumentation:

• MARSS & ISMAR (microwave & sub-mm radiometers)

• Dropsondes (temperature/humidity profiles below aircraft)

• Lidar (355nm backscatter system)

• ARIES (hyperspectral infrared spectrometer)

• In-situ cloud microphysics (CDP, CIP-15, CIP-100, Nevzorov bulk water)

5 Feb-27 March 2024

• Long time period to maximise the chance of good weather 

conditions

• Expected ~6 suitable cases during this period

• Actual 13 flights, of which ~9 were cases of interest

• Aircraft flying at max altitude (above cloud)

• Runs along radial (~50km), radars 

performing RHI scans

• “Figure-of-8” patterns for direct overpasses, 

radars pointing to zenith



CAMRa 3GHz

Kepler 35GHz

Mini-BASTA 94GHz



C382 – 25 March 2024



C374 – 28 February 2024 



C373 – 28 February 2024 



• CCREST-M has produced a fairly unique dataset of multi-frequency radar 
and passive microwave/sub-mm observations of ice cloud

• Aim to use the data to evaluate ice crystal scattering models and radiative 
transfer simulations

• Initial focus is to develop retrieval of particle size distribution parameters 
from radar data

• Could also use radar data to provide “ground truth” of ice water path and 
cloud altitude to evaluate passive sub-mm retrievals

• Could be very interesting to combine with data from NASA IMPACTS 
campaign!

Planned work
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