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• Ice clouds play a crucial role in the global climate 
system & energy budget of the atmosphere 

• Reflect NIR radiation back to space (cooling) 
• Reflect upwelling TIR radiation back to Earth (warming) 



General circulation climate models 
• Atmospheric – 

assumes sea 
surface 
temperatures 

• Oceanic only 
• Coupled models – 

combine 
atmospheric & 
oceanic circulation 





Clouds in climate models 



Critical need to constrain 
essential climate variables (ECVs) 
• Ice Water Path – total column integrated ice mass 
• Mean particle size and size distribution 
• Secondary benefits: 

• Cloud altitude 
• Humidity profile 
• Hydrometeor profile 
• Precipitation rate 
• Total column water vapour 



Traditional  Sub-mm observation 
concepts 



Particle size vs. wavelength 



CloudICE / ICI mission channels 







The ICEMuSIC concept 
• Ice Cloud Explorer Multi-Spectral Imaging Camera 

• Instrument study funded by UK 
space agency & CEOI-ST 

• Pushbroom multispectral imager 
based on submm superconducting 
detector arrays – operation from 
300 mK 

• Wide field optics – no mechanical 
scanning – 3-4 x 25° modules 

• Could integrate flat lenses 
• Huge sensitivity improvement c.w. 

ICI / IASI / AMSU etc 



ICEMuSIC technologies 
• Kinetic Inductance 

Detectors 



ICEMuSIC technologies 
• Detectors – Kinetic 

Inductance 
Detectors 



Filters – HP, LP, BP 
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Dichroics 
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Flat lenses 
G. Savini, P. Ade, and J. Zhang, "A new artificial material 
approach for flat THz frequency lenses,"  
 
Opt. Express  20, 25766-25773 (2012). 







ICEMuSIC 
• Simple instrument – spectral bands defined by 

strip filters - ~1% spectral bandwidth 
• Ice cloud parameter retrieval accuracy comparable 

to ICI on Metop-SG 
• NETD 0.3 mK – 3.0 mK, but retrieval limited by sky 

noise from wide bands 
• Baseline instrument – spectral bands defined 

on chip 
• Antenna-coupled KIDS or tuned-backshort LEKIDS 
• Potentially 0.1% frequency bandwidth 
• Target 1km spatial resolution @ 186 GHz (0.8 m 

diameter aperture for LEO) 
• NETD in range 6-22 mK, depending on band 
• Scene power 5-10 pW 
• Detector NEP requirement 3-20 x 10-17 WHz-1/2 

 
 



ICEMuSIC 



Metop-SG 

Implementation ~2020 



All Metop-
SG 

microwave 
& sub-mm 
channels 
>89 GHz 
could be 

covered by 
one 

instrument! 
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1 
89 

    0.2   Window on MWS. 
Precipitation & snowfall (0.8K) 
on MWI 

      

2 (x2) 

118.75 

1.2   1.2   Precipitation over sea and land 
including light  
precipitation and snowfall, 
height and depth of  
the melting layer (MWI) 

      
3 (x2) 1.4   1.2         
4 (x2) 2.1   1.2         
5 (x2) 3.2   1.2         

6 (x2) 
165.5 

0.725       Quasi-window, water-vapour 
profile, precipitation  
over land, snowfall 

      

7 (x2) 

183.31 

0.2 200 2.0 1 Water vapour profile and 
snowfall. 
NEDT requirements taken from 
most challenging cases of 
combination of MWS, MWI and 
ICI requirements. 

      
8(x2) 1.0 500 0.7 1       
9(x2) 2.0 700 0.5 1       
10(x2) 3.0 1000 0.5 1       
11(x2) 5.0 1500 0.35 1       
12(x2) 7.0 2000 0.35 1       
13(x2) 11.0 3000 1.0 1       
8 

229 
    0.5   Quasi-window – MWS 

Water-vapour profile 
      

9(x2) 
243.2 

2.5   0.6   Quasi-window, cloud ice 
retrieval,  
cirrus clouds 

      

10(x2) 
325.15 

1.5   1.4   Cloud ice effective radius       
11(x2) 3.5   1.2         
12(x2) 9.5   1.1         
13(x2) 448 1.4   1.9   Cloud ice water path and cirrus       
14(x2) 3.0   1.5         
15(x2) 7.2   1.3         
16(x2) 664 4.2   1.5   Cirrus clouds, cloud ice water 

path 
      



ICEMuSIC vs. scanning 
radiometers 

ICEMuSIC Scanning radiometer 
Primary mirror scanning? No – fixed optics Yes 

Spatial resolution High - ~1 km @ 186 GHz Limited – typically ~15 
km 

Spectral resolution ~ 0.1% 

Sensitivity (NEDT) ~ few mK ~ few K 

Field of view ~25° (instantaneous) ~100° (scanned) 

Cooling requirements Active - < 4 K Passive 

Frequency range 90 – 1500 GHz baseline 40 – 660 GHz typical 



Superspec 
• ~600 spectral elements per spatial pixel 
• R~800 



DESHIMA 

• 5000-10000 sensors 
• 320-950 GHz 
• f/Δf ~1000 

 



ICEMuSIC channels 
• Number of spectral channels limited only by 

readout capabilities 
• Trade-off spectral vs. spatial coverage 

• Possible for up to 1000 spectral channels in range 
90-1500 GHz, 0.1% bandwidth per channel 

• Preliminary atmospheric radiative transfer 
simulations have been run for ~650 channel 
instrument (150-800GHz) – VERY significant 
improvement (c.w. e.g. IASI) in temperature and 
water vapour retrieval – v. accurate and v. high 
resolution T & w.v. profiles 
 



Future opportunities 
• EE-9? 
• H2020 – airborne demo. 
• Dedicated satellite 

• Could join “A-train”? – 
complementary sensor data 

• Polar, sun-synchronous 
• Daily global coverage 

• ISS  
• Diurnal variations 
• Less constraints on resources 

• Bilateral opportunities – 
Significant interest from China - 
in talks with FY-4 team and 
NSMC / NSSC / CAS. 



Thank you! 


