
1. Introduction
With the objective of simulating both active and passive microwave instruments within a single framework, the

EUMETSAT NWP SAF recently released a first version of the active sensor module within version 13 of the

RTTOV software. This initial version supports the simulation of both the GPM/Dual frequency Precipitation

Radar and the Cloudsat/Cloud Precipitation Radar. Geer (2021) recently updated the scattering and

microphysical properties of frozen hydrometeors using a parameter estimation method. These new default

parameters are used in this study. Here, we further focus on the simulations of the reflectivities in the rainy

levels and on its sensitivity to the specified Particle Size Distributions (PSDs) and convective hydrometeor

fractions (named hereafter, hydrofractions). In the work presented below, simulations based on the ARPEGE

global model running operationally at Météo-France are shown. The radar simulations will be performed with

and without the melting layer, using a revisited Bauer (2001) parametrization. Comparisons are presented, both

on a case study as well as on 1-month period.
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Figure 1: Illustration of Dual-Frequency Precipitation Radar 

(Hou et al. 2014)

Figure 3: ARPEGE streched and tilted grid at T1798 truncature

Figure 2: Ground track of one orbit of GPM for 2nd January

2021. The red dot corresponds to the beginning of the

orbit file and the green dot to the end of it. The box

represents the location of a single cloud over the Atlantic

ocean [used in the case study].

Table 1: Configuration details of ARPEGE global model 

used in this study. 
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Figure 5: Schematic diagram of

revised approach to split melting

layer processes into several

bins.

Figure 7: Horizontal cross-section over the selected location at 2 km (left), 4.5 km (middle) and 6 km (right). The

cross mark represents the location of the single profile which is selected for the diagnosis in Figure 6.

Permittivity model associated with each melting stage:

Two phase model 

(Core and Coat):

- Core : air inclusion in [ice in water matrix]

-Coat :  Ice inclusion in water [inclusion in air matrix] 

Rosenkranz (2015)

Tfl = 273 K

Tml = 275 K

Inputs: 

• N(D);

• Permittivity of ice;

• Permittivity of water;

• Only when T = 273K

Assumptions :

• Melted particles assumed

to be spherical (mie).

• Fraction of melted particles

only calculated using,

evaporation

Figure 4: Schematic diagram of default melting layer processes adopted in RTTOV-SCATT model [Bauer, 2001)] . 

Assumptions : 

• Size dependent 

density for frozen 

particles. 

• Only snow and 

graupel are allowed to 

melt

Figure 6: left panel: radar reflectivity as a function of graupel content at different temperatures for the default (black)

and the revised (color lines) parametrization. A vertical profile of corrected (attenuated) reflectivities is shown in the

middle (right) panel for the observations (black) and the simulations using the default (red) and the revised

parametrization (blue) of the bright band.The ARPEGE NWP model is the global model used in operations at Météo-France. It is characterized by a

horizontal stretched and tilted grid as shown in Figure 2. The table below presents the version used in the

present study.

1st Free parameter : PSD
 Abel and Boutel, (2012) (AB) for LS rain; similar as in

Ikuta et al. (2021).

 Illingworth and Blackmann, (2002) (IB) for convective

rain; similar as in Fielding and Janiskova, (2020)

ARPEGE Model level Hydrotable bin Associated physical processes

 Good agreement in

the ice levels.

 Overestimation of

the rain reflectivity.

 Similar results for a

one month period

(not shown here)

Figure 8: Time-height vertical section of the selected cloud in the observations (left) and simulations (right). The 

dashed black line is the single profile used for the simulations in Figure 6.  

2. GPM/DPR Observations

3. ARPEGE Global NWP Model

4. Melting layer parametrization of Bauer, (2001)

5. A revisited version of the melting layer parametrization

6.   Default configuration of RTTOV-SCATT 13.0 Simulator

7. Experimental set-up to improve the simulations in rainy levels

8. Statistical results over a one month period

9. Conclusions and Perspectives
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Reflectivity is reduced 
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Reflectivity is reduced 

 ARTS database (Eriksson et al. 2018) is used for frozen hydrometeors, Mie for raindrops.

 Precipitation fraction is a free parameter for convective hydrometeors. By default it is set to

5% as it is operationally done for passive microwave observations at ECMWF.

2nd Free parameter : Hydrofraction
 Hydrofractions has been computed for convective

hydrometeors (graupel and convective rain) using the

downdraft.

 Important variability of the rain hydrofraction as shown in

Figure 9 (right panel).

Figure 9 (left): PSD as a

function of diameter. The

soild (dashed) line shows the

PSD of IB (AB). (Right):

CFAD diagram of

hydrofractions for convective

rain.

 Experiments are set-up to test the sensitivity of AB and IB PSDs as well as convective hydrofractions

(5% and 10 %)

Figure 10: CFAD diagram of (a) observed and (b-d) simulations with three different PSD combinations using a convective hydrofraction

of 10% for a one month period (4th June to 3rd July, 2020) over ocean. Here, results are shown only over tropics. Results show that IB

reduces the rain reflectivity.

Conclusions:
 Melting layer parametrization of Bauer, 2001 has been revised which brings the observations closer to the simulations at

freezing level.

 Sensitivity study has been performed in order to assess the impact of PSDs and hydrofractions. Results indicate that the

best scenario is:

 PSDs: AB for large scale rain & IB for convective rain

 Hydrofractions : 10% for convective rain

 Mangla et al. (Manuscript in preparation)

Perspectives:
 To continue an in-depth analysis of the impact of hydrofractions and test the impact of the melting layer parametrization on

passive microwave observations.

 Monitor GPM/DPR observations within ARPEGE to perform systematic comparisons between observations and ARPGE.

 To test the T-matrix method with spheroidal shapes for raindrops as a 3rd free parameter for rain.

 Better agreement with the observations if

hydrofraction = 10 %

 The impact of hydrofraction is less

important for convective snow than for

convective rain

 Different behaviour for the 3 different

hemispheres

 Difficulty to provide a single hydrofraction

for both graupel and convective rain.

Hydrometeor type PSD Shape Hydrofraction Permittivity

LS Rain Marshall-Palmer Spherical Diagnosed from cloud 

cover(cc)

Rosenkranz (2015)

Convective Rain Marshall-Palmer Spherical 5% Rosenkranz (2015)

Cloud Water MGD Spherical cc Rosenkranz (2015)

Cloud Ice MGD Large column agg cc Fabry and Szyrmer (1999) mixing rule

Snow F07T Large column agg Diagnosed from cc Fabry and Szyrmer (1999) mixing rule               

Graupel F07T Column 5% Fabry and Szyrmer (1999) mixing rule                    

IB reduces the 

overestimation

Figure 11. Statistical analysis (standard

deviation, bias and number of samples) are

shown for a one-month period in the three

different hemispheres.

Reduces mean 

bias as well as 

standard 

deviation

Better 

match


