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W-band attenuation in tropical anvils is substantial and can not be neglected 

Developed empirical correction underestimates attenuation, even after doubling the attenuation correction in Radonvar. 

New attenuation correction needs to be implemented in Radonvar before the radar-derived 99th percentile of IWC can be used to update the 
civil aviation regulations. 
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Introduction 

A multi-year High Altitude Ice 
Crystal (HAIC) – High Ice Water 
Content (HIWC) international field 
experiment  was conducted  

Darwin : 2014, Cayenne: 2015 

to improve the understanding of ice crystal 
icing processes in deep convective clouds 
and  

to provide the 99th percentile IWC as a 
function of distance scale to industry and 
regulators to update the safety regulations.  

For this it is necessary to make 
sure that attenuation at 95 GHz is 
not playing a role.  

95 GHz attenuation in ice phase 
is generally thought of as 
negligible in the literature except 
for hail and graupel, although the 
attenuation in those cases is 
largely unknown (Lhermitte 1990). 
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𝐄𝐥𝐚𝐛𝐨𝐫𝐚𝐭𝐞𝐝 𝐓𝐞𝐜𝐡𝐧𝐢𝐪𝐮𝐞 𝐭𝐨 𝐝𝐞𝐫𝐢𝐯𝐞 𝐈𝐖𝐂 𝐟𝐫𝐨𝐦 (𝐙, 𝐓, 𝐕𝐃) 

An optimal estimation technique, named Radonvar, has been developed to retrieve IWC 

from air temperature (from ERA-Interim reanalysis) and cloud radar reflectivity and Doppler 

velocity at vertical incidence. This technique includes an empirical correction for 95 GHz 

attenuation derived from measured IWC and temperature at flight altitude, and T-matrix 

simulations of 95 GHz attenuation using particle size distribution measurements.  

Fig.1  Comparison of different percentiles of  uncorrected IWC 

values (Protat et al. 2016) as a function of distance scale for the 

temperature interval of -50 C (± 5 C)  

https://www.eol.ucar.edu/field_projects/haic-hiwc  

Fig.2  Reflectivity profile in dBZ for the Fight 23 with aircraft flight altitude overlaid 

𝐃𝐞𝐬𝐜𝐫𝐢𝐩𝐭𝐢𝐨𝐧 𝐨𝐟 𝐬𝐭𝐞𝐩𝐬 𝐭𝐨 𝐞𝐬𝐭𝐢𝐦𝐚𝐭𝐞 𝟗𝟓 𝐆𝐇𝐳 𝐚𝐭𝐭𝐞𝐧𝐮𝐚𝐭𝐢𝐨𝐧 

• For this we take advantage of tailored 10 flights in West African MCS anvils (MT-AFRICA, 
August 2010) to estimate 95 GHz ice attenuation from repeated flight patterns through the 
same cloud at different altitudes and derive correction scheme. 

• Outcomes of each step is shown in the following figures using data from Flight 23 as an 
example: 

• Derivation of attenuation as function of reflectivity is derived using the attenuation per km 
values from all the 10 flights 

Fig.3 Example figures using  MT-AFRICA  F23  reflectivity data  (20100826)  showing the steps taken to derive the attenuation per km at 95 GHz  

Fig.4  Attenuation as function of reflectivity derived 

using all the 10 flights data from MT-AFRICA field 

experiments 

Fig.6 Comparison of different percentiles of  attenuation corrected IWC values (Julien et al.) as a function of 

distance scale  for the  different temperature interval s (-10, -30, -40, -50 C with ± 5 C). Positive  (negative) 

distance scale for aircraft above (below) the selected temperature layer. 

Fig.5 Composite of selected flight segments to derive the 99th percentile statistics as function of distance  

𝐂𝐡𝐚𝐫𝐚𝐜𝐭𝐞𝐫𝐢𝐳𝐚𝐭𝐢𝐨𝐧 𝐨𝐟 𝐀𝐭𝐭𝐞𝐧𝐮𝐚𝐭𝐢𝐨𝐧 𝐚𝐭 𝟗𝟓 𝐆𝐇𝐳 

• Drop in the 99th percentile IWC values shows 95 GHz attenuation is not 
negligible in tropical Mesoscale Convective Systems (MCS) anvils.  

 

• This can also be clearly seen in the reflectivity profile when the aircraft is 
either climbing or descending as the maximum in reflectivity follows the 
aircraft (Fig. 2) which can only be explained by significant attenuation. 

 

• Hence, the attenuation needs to be estimated and a correction need to be 
proposed to assess the impact of attenuation correction errors on the 99th 
percentile of IWC if the full vertical profiles to be used for regulatory 
purposes. 
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