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Synthetic Dataset 

Results  

Introduction  

ICECAP is an innovative machine learning algorithm based on the Principal Components Analysis – PCA performing fast multi-class classifications. ICECAP is applied to a 

synthetic dataset consisting of up-welling radiances in the 100-1600 cm-1 spectral interval at 0.3 cm-1 resolution simulating the Sounding Instrument FSI of the FORUM, Far-

infrared-Outgoing-Radiation Understanding and Monitoring, mission which has recently been selected by ESA as one of the two candidates for the Earth Explorer 9. 

FORUM main goal is the study of water vapor and ice clouds by filling the long-standing gap in Far InfraRed (FIR) spectral observations from space.  

Latitude Zone # Clear Sky # Cloudy Sky  
[Liq/Mixed/Ice (sub visible cirrus)] 

Tropics 706 
986  

[16/61/909 (212)] 

Mid Latitudes 615 
765  

[96/48/621 (173))] 

Polar Region 492 
532  

[0/48/484 (132)] 

Cloud Properties Interval Data 

Optical Depth 0.02 – 30.0 

Geometrical Thickness (km) 1.0 – 5.0 

Top Height (km) 1.0 – 17.0 

Ice Cloud Particles Shapes 
Hexagonal Plates, Solid 
Columns, Bullet 
Rosettes, Aggregates 

Ice Particle Effective Dimension (μm) 4 – 100 

Water Droplet Effective Radius (μm) 3 – 15 

Mixed Phase Particle Effective Radius (μm) 3 – 15 

Table 1: Main cloud properties 

Table 2: Number of simulations for latitudinal belt. 

Figure 1. First principal component squared 
loadings of the clear sky and cloudy sky dataset.  

ICECAP 

Figure 2. Similarity indices (SI) of cloudy sky 
spectra for the tropical case 
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𝐶𝑆𝐼𝐷 𝑗 = 𝑆𝐼 𝑐𝑙𝑜𝑢𝑑𝑦, 𝑗 − 𝑆𝐼 𝑐𝑙𝑒𝑎𝑟, 𝑗 − 𝑆𝐼𝐷(𝑓𝑚𝑖𝑛) (6) 

𝐷𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒(𝐷𝑃) = 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦𝑐𝑙𝑒𝑎𝑟 + 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦𝑐𝑙𝑜𝑢𝑑𝑦 

Conclusions 
• ICECAP allows clear/cloud identification and cloud classification (cloud phase and type) from IR high spectral resolution satellite data. 

• ICECAP depends on a limited number of input parameters and can be applied to operational satellite analysis systems. 

• ICECAP is used to evaluate the role of FIR in cloud identification and classification  (FORUM Phase-A studies). 

• It is shown that the use of FIR channels enhances the detection performances of cirrus clouds and the cloud classification. 
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Figure 4. Detection performance  (DP) as a function of the 
number of features (Nfeat), using the MIR or the Full spectrum 

(MIR and FIR), for the tropical region simulations 

Figure 3. Representation of the bimodal SID distributions for 
the tropical region simulations 

Figure 5. Corrected similarity index difference (CSID) and 
cloud optical depth, using just MIR (65 channels – upper 

panel) and Full spectrum (65 MIR +  63 FIR channels – lower 
panel). Misclassified spectra are plotted in orange circles. 


