
Description of CIRS-ML radiative heating rates and vertical cloud structure 

1 file per observation time (1h30 AM, 1h30 PM LT) HR_CIRS-ML_0130ampm_yyyymmdd.nc 

Spatial resolution: 0.5°, averages and sub-grid structure by averaging per scene type 

Variable description Unit / comment 

LW LW heating rate in max 22 layers (ML CIRS – FLXHR-lidar) 
78 hPa – surface pressure, below : Nan 

K/day 

SW SW heating rate in max 22 layers (ML CIRS – FLXHR-lidar) 
78 hPa – surface pressure, , below : Nan 

K/day, 
 only 0130PM 

Solar zenith Angle between zenith and sun light direction deg, only 
0130PM 

UTC time Universal time in hours from 2000-01-01T00:00:00 hour 

scen 0: 100% clr sky,  
1: hgh cld more frequent,  
2: midlow cld more frequent 

most frequent 
cloud type or 
100% clear sky 

frac_scen Fraction of most frequent cloud scene  

count Nb of all footprints   

frac_Cb Fraction of Cb  within clouds 

frac_Ci Fraction of cirrus within clouds 

frac_thCi Fraction of thin cirrus within clouds 

frac_mlow Fraction of mid- and low-level clouds within clouds 

frac_clr Fraction of clear sky (from CIRS)  

EPS_scen CIRS Cld emissivity of most frequent cld scene (1 or 2)  

P_scen CIRS cld pressure of most frequent cld scene (1 or 2) hPa 

T_scen CIRS cld temperature of most frequent cld scene (1 or 2) K 

EPScld CIRS cld emissivity averaged over all clds within grid box  

Pcld CIRS cld pressure averaged over all clds within grid box hPa 

Tcld CIRS cld temperature averaged over all clds within grid box K 

   

DZ_Cb Vertical extent of Cb                  (ML CIRS –GEOPROF-lidar) km 

Ztop_Cb Cloud top height of Cb              (ML CIRS – GEOPROF-lidar) km 

DZ_Ci Vertical extent of Ci                  (ML CIRS –GEOPROF-lidar) km 

Ztop_Ci Cloud top height of Ci              (ML CIRS – GEOPROF-lidar) km 

DZ_thCi Vertical extent of thCi                (ML CIRS –GEOPROF-lidar) km 

Ztop_thCi Cloud top height of thCi           (ML CIRS – GEOPROF-lidar) km 

DZ_mlow Vertical extent of mlow clds     (ML CIRS –GEOPROF-lidar) km 

Ztop_mlow Cloud top height of mlow        (ML CIRS – GEOPROF-lidar) km 

   

frac_noRain ML CIRS – CloudSat PRECIP_column classification of  
rain rate  = 0 

 

frac_lightRain ML classification of rain rate <5mm/hr  

frac_heavyRain ML classification of rain rate ≥ 5mm/hr  

RainRate  indicator of RainRate, combining ML CIRS – CloudSat 
PRECIP_column classification of rain rate & quality 

 

   

Psurf ERA-Interim surface pressure hPa 

Tsurf ERA-Interim surface temperature K 

Ptropo ERA-Interim tropopause pressure (computed from T profile) hPa 

 



Type determination per foot print: 
High clouds: p < 440 hPa,  
midlow clouds: p > 440 hPa 
Cb, Ci, thCi: high clouds with EPS > 0.95, 0.5-0.95, 0.05-0.5 

Rain rate indicator:  

0:  no rain   1: rain rate 0 / certain rain 

1.5: light rain, uncertain rain 2.5: light rain, certain rain 

5: heavy rain, uncertain rain 7.5: heavy rain, certain rain 

The determination of the rain rate from AIRS cloud properties & ERA-Interim atmospheric profiles by 

using machine learning techniques is most difficult, because its distribution is highly skewed with a 

very large peak at 0 mm/hr. Therefore we only predict a ‘rain rate flag’, with three classes: ‘0: no 

rain’, ‘1: medium rain rate’, ‘2: large rain rate’ (> 5 mm/hr). The CloudSat 2C-PRECIP-COLUMN data 

also provide a quality flag, varying between no, possible, likely and certain rain. We also predicted 

this quality flag as a binary flag with 1 for certain rain and 0 else. By combining both predicted flags, 

we constructed a ‘rain rate indicator’, with possible values of 0 (0 & 0), 1 (0 & 1), 1.5 (1 & 0), 2.5 (1 & 

1), 5 (2 & 0) and 7.5 (2 & 1). A value larger than 2 provides certain rain. 

 

 

There are about 3 – 13 AIRS-CIRS footprints and 1 – 6 IASI-CIRS footprints within 0.5° 

total cld fraction within 0.5°: cov = (1-frac_clr) 
cloud type fraction within 0.5°, for example: cov_Cb = frac_Cb x (1-frac_clr);     

  



Monthly mean radiative heating rates of clear sky: 
In addition, clear sky monthly mean values of the radiative heating rates (LW and SW) from CIRS-ML 

within 0.5° are given in monthly files per observation time (1h30 AM, 1h30 PM LT). Standard 

deviations over the month are also given. 

HR_clrsky_CIRS-ML_0130ampm_yyyymmdd.nc 

Clear sky is determined by CIRS. The identification may be biased due to undetected low-level and 

subvisible cirrus clouds (Stubenrauch et al. 2021). 

We have corrected these biases, by comparing the CIRS-ML heating rates of clear sky detected by 

CIRS with those of clear sky detected by CloudSat-CALIPSO GEOPROF data (no cloudy layers), and 

applying monthly corrections. The figures below show the mean clear sky LW and SW heating rates 

of the collocated data, once corrected with monthly data and once with climatological averages 

(2007-2010). The bias-corrected clear sky heating rates show slightly less SW warming in the free 

troposphere and slightly more LW cooling in the upper and middle troposphere. 

              

The applied monthly bias corrections are shown in the figure below, separately for LW and SW, AM 

and PM. 
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