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Active microwave sensors are becoming widely used observations within the Numerical Weather Prediction community, either for validating model forecasts or for assimilation purposes. Just as in the forward simulation of passive microwave
observations, it 1s necessary to make assumptions on the scattering properties of hydrometeors. With the objective of simulating both active and passive microwave instruments within a single framework using the same radiative transfer assumptions in a
widely-used tool in the NWP community, an active sensor module is currently under development within the RTTOV-SCATT V12 software (Saunders et al., 2018). This module will support the GPM/DPR instrument as well as the Cloudsat/CPR
instrument. In the work presented below, simulations based on the ARPEGE global model running operationally at Mét¢o-France are shown. Statistical comparisons are made between observations and simulations considering several radiative properties
assumptions of the snow. Theses simulations results are used to assess the quality of the cloud forecasts of two ARPEGE simulations with two different convection schemes.

The ARPEGE global model

The ARPEGE model is the global model in operations at Météo-France. It 1s characterized by a horizontal stretched and tilted grid as
shown on Figure 1. The table below presents a few characteristics of the version in operations and of the versions used in the present
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Cloudsat Cloud Profiling Radar

Figure3: lllustration
Profiling Radar (O NASA).

2. Simulating radar reflectivities with the RTTOV-SCATT software

The RTTOV-SCATT software is a widely used tool among NWP centres to simulate microwave
observations and is equipped with all the necessary features to build up a simple space-radar simulator, benefiting
from all the developments implemented for passive microwave observations like DDA-based Single Scattering

Properties (SSP) (Geer and Baordo, 2014

In the present study, the following SSP and Particle Size Distributions (PSD) are used for the simulation of

).

reflectivities with a modified version of the RTTOV-SCATT V12 software:

« Rainfall: S

PSD => Marshall-Palmer distribution

» Cloud Ice and Cloud Water: S

SP => Mie sphere ;

SP => Mie sphere

PSD => Modified Gamma distribution

= Snow particle:

SSP => the 15 new particle shapes available within RTTOV 12 represented
on Figure 4 (Eriksson et al., 2018) + the 9 particle shapes from the Liu database

PSD => Field et al. 2007 in tropical regime.

The simulated reflectivities shown in this study take into account the attenuation from both hydrometeors and gases.
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4. Comparing observed and simulated reflectivities taking into account the observation operator uncertainties

RTTOV-SCATT simulations of Cloudsat reflectivities have been performed from 11th May to 10th June 2018 with ARPEGE 3h forecasts
using the Bougeault convection scheme, and compared to Cloudsat observed reflectivities. For each atmospheric column of the model collocated with
one observation, 26 forward simulations have been performed, corresponding to the 26 particle shapes available within the Liu and the Eriksson et al.
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3. Taking into account cloud and precipitation fraction profiles within the simulations

Within the RTTOV-SCATT software, the simulation of passive microwave brightness temperatures is performed using a two column approach.
The final simulated TB is a weighed combination of a clear column TB and a cloudy column TB. The weighing factor (cfrac), can either be prescribed by
the user or computed internally using a combination of the cloud cover profile and the hydrometeors profiles. This cfrac factor is also used for
normalizing the hydrometeor contents and deriving the hydrometeor contents of the cloudy column. Below one compare reflectivity simulations with two
different calculations: (1) using a single cloud "cfrac" fraction applying to the whole profile and all hydrometeors using the formula shown below, (ii)
using a "hydrofrac" which provides a dedicated profile of fractions for each hydrometeor type. Those fraction are used twice, first dividing to compute
the in-cloud hydrometeor amount, then multiplying to compute the total reflectivity across clear and cloudy columns.
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Figure 5: Ground track of one orbit of
Cloudsat for May 15 2018. The red dot
corresponds to the beginning of the orbit file
and the green dot to the end of it.
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lead to very different reflectivities.
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Figure 6: Observed reflectivities for the orbit shown on Figure 5 (top left). RTTOV-SCATT simulations with the ARPEGE
forecast at 3h lead time initialised on May 1’* 18h UTC. The top right simulation does include only large scale
hydrometeors, the bottom left simulations include both large scale and convective hydrometeors with a normalisation by
cfrac. The Bottom right simulation simulation include both large scale and convective hydrometeors with a normalisation
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Figure 7: Example of hydrometeor profile and hydrometeor fraction profiles in the 3-layer cloudy situation highlighted above. The left column
shows the hydrometeors and reflectivities normalized by cfrac and the right column, the same profiles but using the hydrometeor fractions.

Simulations over a full-month of data have been performed with the cfrac normalization and normalization of hydrometeors with
dedicated fraction profiles. It was found that the simulations using hydrofractions are closer to the observations (not shown), it is therefore

this configuration which is used in the

rest of the poster.

6. Conclusion and perspectives

In this work, simulations of reflectivities with the RTTOV-SCATT forward operator have been performed for the ARPEGE global
model. The differences of simulated reflectivities between taking into account a single cfrac index and hydrometeor fraction profiles in the

normalization of hydrometeor conten
computed over a one month period.
account uncertainties related to the observation operator. It was shown that ARPEGE simulations with the Tiedtke convection scheme are
characterized by a better agreement with the Cloudsat observations.

Future work include applying

t have been shown on a case study. Then histograms of height versus reflectivities have been
The observed and simulated histograms have been compared using a simple method taking into

the same methodology to GPM/DPR simulations. This capability of the RTTOV-SCATT to simulated

active instruments will be included in a future version of RTTOV (likely Version 13).

of observations over oceans for the
month of May, 2018. Following
Marchand et al. (2009), the circles
correspond to the occurrence of:

(1): nondrizzling boundary layer clouds
(2): drizzle and rain

(3): precipitating ice
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The histogram of simulations varying quite significantly with the particle shape
considered for the single scattering properties of snow, we define below a simple
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| Heal observation operator uncertainties:
I (1) For each bin of height and reflectivity, we compute percentiles values from the 26
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! | values of count in the bin :5%, 25%, 50%, 75%, 95% (Having only 26 scenarios
1s rather limited and it is likely the percentiles would be better defined with more
simulations)

(11) The number of counts of the histogram of observations is compared to the
percentiles value. The bin of height and reflectivity is then categorized in the
diagram shown below.
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Figure 10: Histogram of nu%nt;grAFg;‘ Eclrguﬁ;s across the 26
configurations of RTTOV-SCATT for the bin [-5dBZ ; 0dBZ]
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From this comparison, one can see that the
ARPEGE simulations with the Bougeault
convection scheme do overestimated the
occurrence of nondrizzling boundary layer clouds
as well as drizzle and rain. Conclusions for
precipitating ice are more mixed depending on the
height.
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Figure 11: Diagram showing the percentile values in between which

the observed counts are located with respect to the simulations

S. Comparing ARPEGE simulations with two different convection schemes
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The same simulations as above have been

performed for ARPEGE forecasts using the Tiedtke
convection scheme. The same diagnostics as in
Figure 11 is presented in Figure 12 for these
additional runs.
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Overall, an improvement can be seen with the
Tiedtke scheme compared to the Bougeault
scheme, with more “yellow” bins indicating less
overestimation of occurrence of precipitating ice
and well as boundary layer clouds.
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Figure 12: Same as Figure 11
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Figure 14: Histogram of number of counts across the 26 configurations of
RTTOV-SCATT for the bin [-5dBZ ; 0dBZ] [6.5km ; 7km]. The top histogram
corresponds to ARPEGE forecasts with the Bougeault scheme and the
bottom histogram to ARPEGE forecasts with the Tiedtke scheme.
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Figure 13: Histogram of number of counts across the 26 configurations of
RTTOV-SCATT for the bin [-20dBZ ; -15dBZ] [2.5km ; 3km]. The top

histogram corresponds to ARPEGE forecasts with the Bougeault scheme
and the bottom histogram to ARPEGE forecasts with the Tiedtke scheme.
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