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2. New options for representing frozen hydrometeors

3. Choosing the recommended options using parameter estimation

1. Introduction
RTTOV (Radiative Transfer for TOVS) is a fast radiative transfer model used in weather forecasting and other 

applications that prioritise speed over complexity. All-sky microwave simulations are performed by the RTTOV-

SCATT component of RTTOV. This uses the fast transmittance calculation at the core RTTOV coupled with a delta-

Eddington solver for the scattering radiative transfer. A key part of RTTOV-SCATT is the specification of the optical 

properties representing cloud and precipitation. Version 13.0, released in late 2020, contains many updates in the 

representation of optical properties, focusing on frozen hydrometeors. 

4. Representing particle orientation

Given that global forecast models are not 

able to predict particle size distributions or 

particle shape, these settings are chosen, on 

a global basis, by trying to get the best fit 

between model simulations and 

observations. Here, siualtiosn from the 

ECMWF IFS have been fitted to 

observations from SSMIS on DMSP F-17. To 

optimise multiple parameters simultaneously, 

some form of parameter estimation is 

needed; here an efficient and approximate 

parameter search. The parameters that were 

simultaneously optimised were the graupel 

(“convective snow”) PSD and particle shape, 

the snow (“large scale snow”) particle shape 

and the cloud ice assumptions, plus an 

option for cloud overlap representation.   
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Summary
▪ RTTOV-SCATT now represents three frozeon hydrometeors by default: snow, graupel and cloud ice (along with rain and liquid water). 

All three ice hydrometeor types are represented by non-spherical particles from the ARTS database in the default configuration:

▪ Snow: ARTS large plate aggregate with the Field et al. (2007) tropical PSD;

▪ Graupel: ARTS column with the Field et al. (2007) tropical PSD;

▪ Cloud ice: ARTS large column aggregate with a purpose-derived PSD (“MGD B”);

▪ However, all settings are configurable and can be adjusted in the hydrotable (lookup table) generation software.

▪ The representation of particle orientation is by active for microwave imagers by default, and is applied to all frozen hydrometeors.

▪ RTTOV-SCATT v13.0 will be used, in its default configuration, for all-sky assimilation of microwave imagers and sounders in cycle 48r1 

of the ECMWF operational forecasting system, due early 2023.

▪ Get RTTOV from the EUMETSAT NWP-SAF website, https://nwp-saf.eumetsat.int/site/software/rttov/rttov-v13/

Bulk hydrometeor optical properties are stored in lookup tables 

known as hydrotables. These are given as a function of channel, 

temperature and water content. A hydrotable generator integrates 

single-particle scattering properties from a database, or from Mie 

sphere calculations, over the chosen particle size distribution (PSD). 

The main controls are the choice of particle shape and PSD.

New PSD options were introduced at version 13.0, including one 

that reduces the number of large particles to do a better job of 

representing the cloud ice category in forecast models (“MGD B”). 

The ARTS and Liu scattering databases are available, with ARTS 

supporting frequencies up to 886 GHz.

Illustrating the PSD options for cloud ice, for a water content 

of 10-4 kg m-3 for the mass-size relation  of the ARTS large 

plate aggregate, at T=223 K  (dashed) and T=263 K  (solid).

Options for representing frozen hydometeors. Shown is the 

brightness temperature emitted from a cloud slab of 2 kg m-3 at 253 K 

over upwelling radiation at 280 K. In all cases, the F07 T PSD is 

used. The black lines indicate the Mie sphere, showing it is primarily 

the asymmetry parameter that makes Mie such a poor model for 

microwave snow scattering. The coloured lines are the ARTS 

particles, which are now used in preference to spheres or the Liu 

database, in order to cover sub-mm frequencies.

Slices through the multi-dimensional cost function used to assess the best 

configuration of RTTOV-SCATT optical properties. Dots indicate the best 

(lowest cost) option. Colours show a scaling of convective snow from the IFS 

(-50% - blue; unscaled – yellow; +50% - brown). The relative stability of the 

results in the face of large variations in convective snow mixing ratio suggest 

there is a strong microphysical constraint coming from the observations.

Fig. 1 from Barlakas et al., (2021), showing optical properties of the 

azimuthal random orientation (ARO) large plate aggregate particle of 

Brath et al. (2020) relative to the totally random orientation (TRO) original 

particle of Eriksson et al. (2018).

Polarisation difference at 166 GHz from GMI (v-h), from observations 

(red), control simulations without any representation of ice orientation and 

polarisation (green) and with the new parameterisation at different settings.

RTTOV does not have vector radiative transfer capabilities. 

Polarisation is accounted for in the surface interaction (e.g. water 

surface) by computing v and h brightness temperatures as two non-

interacting scalar calculations. Polarisation from hydrometeor 

scattering has not previously been represented, despite differences of 

up to 15 K observed between GMI 166 GHz v and h-polarised 

measurements.

In parallel, particle scattering databases have generally used the 

totally randomly oriented (TRO) approach, which generates limited 

polarisation that is usually ignored. Recent simulations using 

azimuthally random orientation (ARO) with preferential orientation 

(cant angle β) suggest that at typical imager zenith angles (53°) the 

average extinction is similar between TRO and ARO (the K11 element 

of the extinction matrix) but the h extinction is higher than v (the K12 

element). This supports applying a simple rescaling of the TRO-based 

extinction using a tuneable polarisation ratio ρ or perturbation α:

Here 𝜏𝑉/𝐻 is the layer optical depth at v and h and 𝜏 is the average 

TRO-based layer optical depth. Using GMI observations and 

simulations from the ECMWF IFS, the best factor ρ =1.4 was chosen 

to represent a reasonable polarisation arch, i.e. polarisation as a 

function of the observed brightness temperature.


