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Abstract 41 
 42 
Data from hyperspectral infrared sounders are routinely ingested worldwide by National Weather Centers 43 
(NWCs). The cloud-free fraction of this data is used for initializing forecasts which include profiles of 44 
temperature, water vapor, water cloud and ice cloud profiles on a global grid. Although the data from 45 
these sounders are sensitive to the vertical distribution of ice and liquid water in clouds, this information 46 
is not fully utilized. In the future, this information could be used for validating clouds in NWC models 47 
and for initializing forecasts. We evaluate how well the calculated radiances from hyperspectral Radiative 48 
Transfer Models (RTMs) compare to cloudy radiances observed by AIRS and to one another. Vertical 49 
profiles of the clouds, temperature and water vapor from ECMWF (European Center for Medium-range 50 
Weather Forecasting) were used as input for the RTMs. For non-frozen ocean day and night data, the 51 
histograms derived from the calculations by several RTMs at 900 cm-1 have a better than 0.95 correlation 52 
with the histogram derived from the AIRS observations, with a bias relative to AIRS of typically less than 53 
2 K. Differences in the cloud physics and cloud overlap assumptions result in little bias between the 54 
RTMs, but the standard deviation of the differences ranges from 6 to 12 K. Results at 2616 cm-1 at night 55 
are reasonably consistent with results at 900 cm-1. Except for RTMs which use full scattering calculations, 56 
the bias and histogram correlations at 2616 cm-1 are inferior to those at 900 cm-1 for daytime calculations.   57 
 58 
 59 
  60 
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Figure A1.  The red trace shows the distribution of the cloud effect (stemp-bt1231) for an area- 934 
representative random sample of the non-frozen oceans. The blue trace is the distribution of the stratified 935 
sample. 936 
 937 
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et al, 1999) scattering code and used in the SARTA TwoSlab RTM (DeSouza-Machado et. al., 778 
2018). Each pixel is then divided into four columns:  779 
 780 
Case 1) A clear column from the surface to the Top Of the Atmosphere (TOA).  781 
Case 2) A clear column between the surface and zw_bottom. Between zw_bottom and zw_top the pre-782 

calculated water cloud absorption is added.  783 
Case 3) A clear column between the surface and zi_bottom. Between zi_bottom and zi_top the pre-784 

calculated ice cloud absorption is added.  785 
Case 4) The transmittance calculated from case 2) up to the zi_bottom is continued with the transmittance 786 

from there to TOA using the transmittance calculated from case 3.  787 
 788 
A cloud fraction for each case is then chosen such that all of the ice cloud and a random portion of the 789 
water cloud is seen from TOA, such that the ECMWF specified total cloud cover (tcc) is satisfied. Details 790 
are summarized in Machado and Strow (2016) and in DeSouza-Machado et al., (2018). The difference 791 
between SARTA_TwoSlab(C) and SARTA_TwoSlab(C) is due to the difference in the way the 792 
boundaries of the thick slabs are calculated. The small differences between the results from the two 793 
SARTA versions show that the results are not very sensitive to these details.  794 
 795 
The SARTA results were received 2016/11/08, revised to be consistent with DeSouza-Machado et al., 796 
(2018) 2017/02/27 797 
 798 
A3.4. RTTOV (J. Vidot and M. Matracardi) 799 
 800 
The fast radiative transfer model RTTOV (Saunders et al., 1999) is widely used by a number of NWCs to 801 
assimilate infrared radiance observations. In this study, we used RTTOV Version 12.  The predictors of the 802 
fast atmospheric transmittances were calculated with the line-by-line model LBLRTM 12.2 (Clough et al., 803 
2005; Alvarado et al., 2013) that uses the AER3.2 spectroscopic database (mostly based on HITRAN 804 
2008 but with many improvements regarding line mixing and absorption line parameters) and MTCKD 805 
2.5.2 (Mlawer et al., 2012). The scattering by clouds is modeled using the Chou-scaling approximation 806 
(Chou et al., 1999). The liquid and ice cloud optical properties are parameterized following the work of 807 
Matricardi (2005) and Vidot et al., (2015), respectively. Within the RTTOV version the user has the 808 
option to select a limited number of cloud type and the cloud overlap assumptions.  RTTOV_mro used 809 
the OPAC cumulus cloud type and the MRO assumption (Matricardi, 2005). Additionally, a much faster, 810 
experimental version of the cloud overlap method has been tested in RTTOV. This method is named 811 
CMSS (Cloud fraction Maximum Single Stream). It simulates cloudy infrared radiances using Eq. 1 with 812 
CF set to the maximum cloud fraction in the layers above a certain pressure level (here fixed to 750 hPa). 813 
This method is optimized for mid-and upper-tropospheric sounding channels.  814 
 815 
The RTTOV results were received 2016/12/09 816 
 817 
A3.5. HT-FRTC (Havemann) 818 
 819 
For the AIRS radiance simulations presented in this paper, the Havemann-Taylor Fast Radiative Transfer 820 
Code (HT-FRTC) has been specifically trained for the infrared part of the electromagnetic spectrum. The 821 
HT-FRTC does only monochromatic radiative transfer calculations. The gaseous absorption of all the 822 
trace gases included in HITRAN 2008 is included in the form of lookup tables. During the code training 823 
phase monochromatic calculations are performed at a very high spectral resolution (10-3 cm-1) for a 824 
diverse set of 1000 atmospheric profiles and surface conditions. The training run included vertical profiles 825 
of liquid and ice cloud. The results of the radiance calculations for the training profiles at the very high 826 
spectral resolution were then used to calculate the principal components which are the eigenvectors of the 827 
covariance matrix containing the radiance spectra. The HT-FRTC works slightly different to other codes 828 
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1a) Night 
 

1b) Day 
Figure 1. Mean difference between AIRS and six RTM implementations for non-frozen ocean cases.  923 
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2a) Night 

 
2b) Day 

Figure 2. Histograms for (stemp-bt900) observed by AIRS and calculated by three representative RTMs  925 
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3a) Night 
 

3b) Day 
Figure 3. Histograms for stemp-bt2616 observed by AIRS and calculated by three representative RTMs 928 
 929 
  930 
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Figure A1.  The red trace shows the distribution of the cloud effect (stemp-bt1231) for an area- 934 
representative random sample of the non-frozen oceans. The blue trace is the distribution of the stratified 935 
sample. 936 
 937 
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