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1 INTRODUCTION

Significant efforts have been done these last years to up-
grade and densify the French operational radar network
(called ARAMIS). In particular, polarimetry is now consid-
ered the new operational standard and 17 (12 C-band,
2 S-band and 3 X-band) out of 27 radars are polarimet-
ric, as shown in Figure 1. The radar network will be fully
polarimetric by 2020.

Figure 1: The French radar network in 2013

Continuous work has therefore been done to un-
derstand, monitor and exploit the polarimetric variables
for operational products. This led to a first opera-
tional version of a polarimetric processing chain, includ-
ing precipitation-induced attenuation correction, non me-
teorological echo identification and data quality monitor-
ing (Figueras i Ventura et al., 2012). Dual-polarimetric
quantitative precipitation algorithms were also developed
(Figueras i Ventura and Tabary, 2013; Kabeche et al.,

2012) as well as a new hydrometeors classification
scheme for S, C and X band radars (Al-Sakka et al.,
2013).

While quantitative precipitation estimations are
greatly improved by the use of polarimetric data, the po-
larimetric variables could also be used for data assimi-
lation and model verification in convection-resolving Nu-
merical Weather Prediction (NWP) models as they pro-
vide unique information on the microphysical properties
of hydrometeors. Up to now, only reflectivity (Caumont
et al., 2010) and radial velocity (Montmerle and Fac-
cani, 2009), among radar variables, are assimilated in the
French convective-scale operational model Application of
Research to Operations at Mesoscale (AROME) (Seity
et al., 2011). But as more and more radars from the
French network include dual-pol capabilities, the use of
dual-pol radar data in AROME needs to be investigated.

In order to examine how to best use dual-pol data for
assimilation in convection-resolving models, direct com-
parisons between measured dual-pol data and numeri-
cally modeled data need first to be conducted. For this
purpose, a simulator for polarimetric radar variables (such
as e. g. Jung et al. (2008), Pfeifer et al. (2008), Ryzhkov
et al. (2011)) has been developed. The simulator cal-
culates polarimetric radar variables from the prognostic
output of the research nonhydrostatic mesoscale atmo-
spheric model (Meso-NH Lafore et al. (1998)).

A detailed description of the simulator is given in sec-
tion 2. The simulated polarimetric variables were com-
pared to observations on a case with an intense bow
echo. The case study and the simulation design are de-
tailed in section 3 while the results are outlined in section
4.
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1

mailto:clotilde.augros @meteo.fr


2 THE POLARIMETRIC RADAR SIMULATOR

The polarimetric radar simulator is an upgraded version of
the radar simulator developed by Caumont et al. (2006).
It calculates the radar polarimetric observables from the
prognostic output of the Meso-NH model. Electromag-
netic wave propagation and scattering at S, C, and X
bands are simulated. Beam propagation effects are
considered, including (differential) attenuation and phase
shift, beam bending, and beam broadening. The range-
dependent noise level is also simulated. Meso-NH model
is first biefly described in subsection 2.1. The different
scattering methods are then exposed in subsection 2.2.
The hydrometeor characteristics are discussed in sub-
section 2.3 and finally, the calculation of the polarimetric
variables is detailed in subsection 2.4.

2.1 Meso-NH model

The polarimetric radar simulator is developed inside the
postprocessing software of Meso-NH model, the charac-
teristics of which are very close to those of the opera-
tional convective scale NWP system AROME. In partic-
ular, Meso-NH and AROME models use the same one-
moment bulk microphysical scheme named ICE3 (Pinty
and Jabouille, 1998) governing the equations of the six
following water species: vapor, cloud water, rain, grau-
pel, snow, and pristine ice. The diameter spectrum of
each water species is assumed to follow a generalized
Gamma distribution (simplified in a more classical expo-
nential distribution for precipitating species). Power-law
relationships are used to link the mass and the terminal
speed velocity to the particle diameters. The simulator is
fully consistent with the microphysical parameterizations
of MesoNH model.

2.2 Scattering

In the polarimetric radar simulator, scattering by rain,
graupel, snow and pristine ice particles only is simulated.
Scattering by cloud vapor is neglected. The radar sim-
ulator from Caumont et al. (2006) offers the possibility
to choose among Rayleigh, Rayleigh–Gans, Mie, or T-
matrix (Mishchenko and Travis, 1994) scattering meth-
ods. In the polarimetric radar simulator, Rayleigh scat-
tering method is chosen for pristine ice particles, which
are considered to be spherical, whereas T-matrix method
is selected for rain, snow and graupel particles that are
simulated as spheroids. To ensure optimum efficiency,
T-matrix lookup tables containing the scattering coeffi-
cients were computed in advance, for a range of hydrom-
eteor contents, temperatures, elevation angles and wave-
lengths for each hydrometeor specie.

2.3 Hydrometeor characteristics

2.3.1 Dielectric constant

The dielectric constant of all species are calculated in the
same way as in Caumont et al. (2006). The dielectric
function of rain is taken from Liebe et al. (1991). Snow
and graupel above the melting level are considered to
be made of pure ice and their dielectric function is cal-
culated with the model of Hufford (1991), like for pristine
ice. The equivalent diameter of snow and graupel above
the melting level is the one of a sphere of pure ice that
would have the same mass. For water-coated graupel
(below the melting level), which is made of ice, water, and
air, the diameter is the one of an equivalent-mass sphere
made of 14% water and 86% ice as spheroidal inclusions.
The corresponding dielectric function is computed follow-
ing Bohren and Battan (1982).

2.3.2 Shape

Rain particles are simulated as spheroids. Different for-
mulations of aspect ratio are implemented in the radar
simulator. For the polarimetric radar simulator, the as-
pect ratio is calculated following Brandes et al. (2002),
as done in the polarimetric radar simulator from Ryzhkov
et al. (2011). Snow and graupel particles are also simu-
lated as spheroids. A fixed axis ratio of 0.75 is used for
snow and for graupel (as in Jung et al. (2008)). Pristine
ice particles are simulated as spheres.

2.3.3 Oscillation

We assume that the hydrometeors with oblate shapes
are characterized by Gaussian distribution of orientations
with zero mean canting angle. The width of canting angle
distribution is assumed to be 10° for rain, 20° for snow
and 40° for graupel (as in the simulator from Ryzhkov
et al. (2011)). These values were chosen arbitrarily fol-
lowing the litterature but sensitivity studies will be carried
out in the future in order to establish what values fit best
our data.

2.4 Calculation of the polarimetric variables

Rayleigh or T-matrix scattering methods provide the back
and forward scattering coefficients Sb

hh,vv x
(D) on the hori-

zontal and vertical polarizations, for a single hydrometeor
with a given diameter D. The polarimetric variables are
then calculated by integrating the scattering coefficients
over the drop size distribution Nx (D) of each specie (x ).
The formulas for the horizontal reflectivity Zhh, the differ-
ential reflectivity Zdr, the specific differential phase Kdp,
the differential phase φdp and the copolar correlation co-
efficient ρhv are given in equations 1 to 5 were λ is the
radar wavelength (m), |Kw |2 is the dielectric factor, D is
the diameter (m).

2



Zhh,vv = 10 log10

1018 4πλ4

π5 |Kw |2
n

∑
x=1

Dmax∫
Dmin

∣∣Sb
hh,vv x (D)

∣∣2 Nx (D)dD

 (dBZ ) (1)

Zdr = Zhh−Zvv (dB) (2)

Kdp = 103λ
180
π

n

∑
x=1

Dmax∫
Dmin

Re
(
Sf

hh−Sf
vv

)
Nx (D)dD (° km−1) (3)

φdp = 2

rmax∫
0

Kdp(r )dr (°) (4)

ρhv =

∣∣∣∣∣∣
n

∑
x=1

Dmax∫
Dmin

Sb
hhx

∗
(D)Sb

vv x (D)Nx (D)dD

∣∣∣∣∣∣√√√√√ n

∑
x=1

Dmax∫
Dmin

∣∣Sb
hhx (D)

∣∣2 Nx (D)dD
n

∑
x=1

Dmax∫
Dmin

∣∣Sb
vv x (D)

∣∣2 Nx (D)dD

(−) (5)

3 CASE STUDY AND SIMULATION DESIGN

3.1 Meteorological situation

A bow echo case on 24 September 2012 in south-eastern
France was chosen for the simulation. This case is partic-
ularly intersting as it is included in HyMeX (Hydrological
cycle in Mediterranean Experiment, Ducrocq (2013) and
Drobinsky (2013)) measurement campaign, during which
supplementary observations were available (radars, ra-
diosoundings, aircraft data) in the south-east of France.
This case is identified as IOP6.

On this day, a trough extended from Iceland to Bri-
tanny and induced a south-westerly flow in south-east
France and high level cold advection. At 00 UTC, a con-
vective line extended from north Spain to center France
as shown on Figure 2 (a). While moving eastwards, this
line merged with orographic precipitation on Cévennes,
and the whole system became more and more organized
until forming a bow echo, clearly visible at 03 UTC. After
06 UTC the system moved eastwards and its activity de-
creased. More detail on this case are given in Ducrocq

(2013).

3.2 Radar data

For this study, data from Nimes and Collobrieres S-band
polarimetric radars, indicated by gray stars in Figure 2,
are used. A polarimetric processing chain has been
implemented on these radars (Figueras i Ventura et al.
(2012);Figueras i Ventura and Tabary (2013)) and pro-
vides the horizontal reflectivity Zhh, the differential re-
flectivity Zdr (corrected and non-corrected from attenu-
ation), the differential phase φdp, the specific differen-
tial phase Kdp and the co-polar correlation coefficient ρhv

at a 240 m x 0.5° resolution with a maximum range of
255 km. An hydrometeor classification by a fuzzy logic
algorithm (Al-Sakka et al., 2013) was applied to the po-
larimetric data. The hydrometeor are classified into the
following categories: rain, wet-snow, dry-snow, hail and
pristine ice. An illustration of the classification is shown
in Figure 3 for Nîmes radar on 24 September 2012 at
0300 UTC for elevation 0.6°. The corresponding polari-
metric variables are shown in section 4.1.
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(a) 00 UTC (b) 03 UTC

(c) 06 UTC (d) 09 UTC

Figure 2: Radar reflectivity mosaic observed at 00, 03, 06 and 09 UTC on 24 September 2012 in south-east France.
Nimes and Collobrieres S-band radars are indicated by gray stars and by the letters N and C rescpectively.

Figure 3: Hydrometeor classification for Nimes radar on
24 September 2012 at 0300 UTC. Elevation 0.6°. The
gray color indicates non-meteorological echoes.

Data are available for six elevation angles every
5 min. Only the lower-elevation angles (below 3°) are
repeated every 5 min and a few higher-elevation angles
are added in order to form a complete volume in a “su-

percycle” of 15 min.

3.3 Simulated data

The simulation is performed with Meso-NH model at a
2.5 km horizontal resolution. The simulation is initialized
and coupled with AROME WMed NWP model. It is a spe-
cial version of AROME operational model that was devel-
oped for the HyMeX campaign with a domain covering
the western Mediterranean. Different sensitivity tests (ini-
tialization time, transport numerical scheme) have been
carried out in order to choose the best configuration of
Meso-NH compared to the observations. These tests are
described in detail by Kaufmann (2013).

The initialization of the simulation starts on 24
September 2012 at 00 UTC. The polarimetric simulator is
applied to the output of the Meso-NH simulation and the
polarimetric variables are then calculated on the same
polar grid than the radar (240 m x 0.5°) for all elevation
angles scanned by the radar.
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4 RESULTS

4.1 Subjective comparison between observed and
simulated polarimetric variables

In this section, individual Plan Position Indicators (PPIs)
of observed and simulated polarimetric variables (Zhh,
Zdr, Kdp, φdp, ρhv ) are compared for Nîmes radar on 24
September 2012 at 0300 UTC. For simulated variables,
the attenuation is not taken into account while the ob-
served Zhh and Zdr are corrected from attenuation (only
in rain) with the following formulas (Figueras i Ventura
et al., 2012):

Zhhcorr = Zhh + 0.04∗φdp

Zdrcorr = Zdr + 0.004∗φdp

The convective line is rather well captured by the
model in the reflectivity field Zhh (Figure 4). However the
position of the simulated convective line is shifted north-
westwards compared to the observed line and the model
slightly underestimates the maximum values of reflectiv-
ity. This can be explained by the fact that the maximum
radar reflectivies are due to hail, which was observed at

ground and is identified by the classification (shown in
red in Figure 3), whereas the model can’t represent hail.
The simulated values of differential reflectivity Zdr are of
the same order as the observed ones, but less negative
values of Zdr are simulated than observed. Because at-
tenuation is particularly strong for this case for an S-band
radar, as can be inferred from the differential phase field
φdp shown in Figure 5, we suspect that the observed
negative Zdr values could be partly due to an insufficient
attenuation correction in radar data. No attenuation is in-
deed corrected in wet snow for example although it could
be significant. Kdp maximum values are slightly under-
estimated in the simulation, which may be linked to the
underestimation of the maximum reflectivity values.

Observed ρhv values are clearly lower than the simu-
lated values (Figure 6), with a majority of the values below
0.98 whereas the simulated ρhv values are comprised be-
tween 0.99 and 1 everywhere. The observed ρhv values
are particularly low in the area suffering from strong atten-
uation (north-east of Nimes radar). This is consistent with
the results of Ryzhkov (2007), who showed noticeable de-
creased of ρhv in areas with large cross-beam gradients.
However observed ρhv values are slightly higher on Col-
lobrieres radar, with more values between 0.99 and 1.
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(a) Observed Zhh (dBZ) (b) Simulated Zhh (dBZ)

(c) Observed Zdr (dB) (d) Simulated Zdr (dB)

Figure 4: Observed and simulated reflectivity (Zhh) and differential reflectivity (Zdr). Nimes radar on 24 September
2012 at 0300 UTC. Elevation 0.6°. The gray circles indicate distances of 100 km and 200 km from the radar. For
radar and model images, all pixels with a reflectivity value below noise level are in white. The gray color indicates
non-meteorological echoes for radar images while it represents data outside model domain for model images.
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(a) Observed Kdp (°/km) (b) Simulated Kdp (°/km)

(c) Observed φdp (°) (d) Simulated φdp (°)

Figure 5: Same as Figure 4 but for specific differential phase (Kdp) and differential phase φdp.

(a) Observed ρhv (b) Simulated ρhv

Figure 6: Same as Figure 4 but for co-polar correlation coefficient ρhv .
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4.2 Distributions of polarimetric variables as a func-
tion of temperature

In order to overcome problems of time-space lags be-
tween model and radar data, integrated distributions of
simulated and observed polarimetric variables as a func-
tion of model temperature are studied. Vertical profiles of
Zhh, Zdr, Kdp and ρhv were created by integrating their
values for all elevation angles from 00 to 12 UTC on 24
September 2012, every 15 minutes, i.e. for 52 full radar
volumes. For these statistics, non-meteorological echoes
identified by the classification algorithm, as well as pixels
below noise level and pixels with a partial beam blockage
over 10% were removed. To avoid too large a spread of
the pixels in terms of horizontal distance, only the pixels
between 80 and 100 km from the radar were selected.
Furthermore, the profiles were created in convective ar-
eas only. To select convective areas, the following method
was applied: for a given "vertical" combination of pixels
defined by one range and one azimuth (and all elevation
angles available), the "column" was considered as con-
vective only if all elevations with a temperature over 5°C
had a reflectivity over 45 dBZ.

The profiles of observed and simulated horizontal re-

flectivity are shown in Figure 7. The profiles have over-
all the same shape with (by construction) values over 45
dBZ for temperatures over 5°C and a decrease of the re-
flectivies with altitude. However, for temperatures below
-5°C, the decrease of observed Zhh values is significantly
more important than for simulated Zhh. This could be
partly explained by an unsufficient attenuation correction,
in particular because no attenuation is corrected in wet
snow, although it could be significant. Attenuation cor-
rection factors in snow and wet snow are currently been
investigated (see poster 369 by A. Boumahmoud and pre-
sentation 7B.2 by H. Al-Sakka).

Another difference between radar and model profiles
is the clear "step" formed by the sudden decrease of re-
flectivity for temperature below 0°C in the model whereas
the decrease is more continuous for radar reflectivies.
This can be explained by the abrupt distinction between
liquid and ice particles in the model. In this first version
of the polarimetric radar simulator, no continuous melt-
ing model was indeed implemented. The only hydrome-
teor that contains ice and liquid water at the same time is
graupel but the transition is abrupt at 0°C: graupel parti-
cles are made of ice only for temperatures below 0°C and
contain 14% of liquid water for temperatures over 0°C.

(a) (b)

Figure 7: Distribution of observed (a) and simulated (b) Zhh in convective areas as a function of model temperature
from 00 to 12 UTC on 24 September 2012 for Nîmes radar. The median for simulated (model) and observed (radar)
data are indicated in black.

Profiles of Zdr in convective areas are presented in
Figure 8 (a) and (b). Although simulated and observed
Zdr profiles have overall the same shape (i. e. a decrease
of Zdr with decreasing temperatures until about 0°C and
constant values for temperatures lower than 0°C), the
median observed Zdr is about 1 dB lower than the median
simulated Zdr (for positive temperatures) and about 1.5
dB lower for negative temperatures. The same profile was

calculated for Collobrieres radar (for the same event), and
about the same difference was observed. The radar pro-
file is probably too low because it shows negative median
values of Zdr for temperatures below 2°C, which would
indicate that a large part of the hydrometeors in temper-
ature regions below 2°C have prolate shapes. An insuf-
ficient attenuation correction on Zdr could partly explain
these negative values, as well as a calibration bias. For
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simulated Zdr, the same sudden decrease as observed
for simulated Zhh can be seen around 0°C. Like for Zhh,
this is probably due to the dependency of Zdr to the di-
electric factor and to the fact that the distinction between
liquid and ice particles in the model is abrupt.

Observed and simulated Kdp profiles (Figure 8 (c)
and (d)) are more consistent. Like for Zdr, Kdp values
decrease with altitude, showing that oblate particles have
more weight in low levels (in convective rain) than in alti-
tude (snow, graupel, ice). Simulated Kdp is slighty higer
than observed Kdp (of about 0.4°/km). On the contrary to
Zdr, Kdp is not affected by attenuation or by radar bias.

This difference could be explained by an uncorrect pa-
rameterization in the polarimetric simulator. The param-
eterized oblateness of snow and graupel particles (0.75)
may be to strong? Or this can also be due to the higher
values of simulated Zhh in altitude. Sensivity studies to
the axis ratio of hydrometeors will have to be carried out
to retrieve the values that best match with the observa-
tions. This difference could also be due to an underes-
timation of observed Kdp, because it is estimated based
on 25 range gates linear regression over φdp which is
also filtered (Figueras i Ventura et al., 2012).

(a) (b)

(c) (d)

Figure 8: Distribution of observed (a), (c) and simulated (b), (d) Zdr (a), (b) and Kdp (b), (c) in convective areas as a
function of model temperature from 00 to 12 UTC on 24 September 2012 for Nîmes radar.

Profiles of observed and simulated ρhv in convec-
tive areas are shown in Figure 9. All model values are
between 0.99 and 1.1 whereas radar values are very
scattered. The median radar ρhv is mainly around 0.96
whereas the median model ρhv is 0.99. But ρhv coef-
ficient is particularly low for Nîmes radar. A median of
0.98 was observed for Collobrieres S-band radar. Differ-

ent reasons can explain why the observed ρhv is lower
than the simulated ρhv . First, measurement noise is not
taken into account in the model and contributes to de-
crease ρhv . Moreover, graupel and snow particles are
simulated as spheroids whereas they can have more ir-
regular shapes in reality and this leads to an overestima-
tion of ρhv in the model. Balakrishnan and Zrnic (1990)
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found that increasing canting angle and liquid water frac-
tion in melting species contributes to decrease ρhv . Ad-
justing these parameters in our simulator could also help

reduce the difference between observed and simulated
values.

(a) (b)

Figure 9: Distribution of observed (a) and simulated (b) ρhv in convective areas as a function of model temperature
from 00 to 12 UTC on 24 September 2012 for Nîmes radar.

4.3 Polarimetric variables as a function of horizontal
reflectivity for each hydrometeor class

In this section, the distribution of observed and simulated
Zdr and Kdp as a function of horizontal reflectivity are
compared. Like in the previous section, the distributions
were created by integrating the polarimetric variables for
all elevation angles from 00 to 12 UTC on 24 Septem-
ber 2012. For these statistics, non-meteorological echoes
identified by the classification algorithm, as well as pixels
below noise level and pixels with a partial beam blockage
over 10% were removed. Furthermore, to avoid attenua-
tion problems, pixels with a differential phase greater than
10° were also removed.

For simulated data the distributions of Zdr and Kdp
are shown for rain, snow and graupel (for temperatures

greater than 0°C). They are compared to radar data for
rain, dry snow and wet snow hydrometeor classes. The
correspondence between model and radar classes is not
perfect. The radar and model "rain" class should fairly
well represent the same particles. Because snow par-
ticles are considered to be made of ice and air only in
the model, the model "snow" class should also be rather
equivalent to the radar "dry snow" class. However, the
model "graupel" category (for positive temperatures) is
compared to the "wet snow" radar class because it is the
only model category that contains liquid water and ice at
the same time. But it does not necessarily represent the
same particles. The "wet snow" radar class probably con-
tains more water than the graupel model class, in which
the particles have a fixed water fraction of 14%.
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(a) Radar Zdr (dB) (b) Model Zdr (dB)

(c) Radar Kdp (° km−1) (d) Model Kdp (° km−1)

Figure 10: Observed and simulated differential reflectivity (Zdr) and specific differential phase (Kdp) as a function of
reflectivity (Zhh) for rain.

Zdr and Kdp distributions are shown in Figure 10 for
rain. The most striking difference between radar and
model distributions is the fact that observed Zdr and Kdp
values for a given Zhh are very scattered whereas simu-
lated Zdr and Kdp are almost completely determined by
Zhh. The very low dispersion in simulated data can be ex-
plained first by the fact that radar measurement noise is
not simulated and second because Meso-NH model uses
a one-moment bulk microphysical scheme, which gives
only one degree of liberty: for a given Zhh, Zdr in rain de-
pends on temperature only. A difference of about 0.6 dB
can be observed between radar and model Zdr medians.
Radar Zdr is necessarily negatively biased because for
reflectivies below 25 dBZ, the median radar Zdr is nega-
tive which would indicate prolate rain particles. However,
if one refers to Tabary et al. (2011), Zdr should be around
0.2 for Zhh values between 20 and 22 dBZ. This is also
not the case for simulated Zdr, which is more around 0.5
dB. The comparison between these observed and simu-
lated Zdr value as a function of Zhh shows therefore that
at the same time the observed Zdr in rain seems nega-
tively biased and the simulated Zdr seems slightly over-

estimated.
Observed and simulated Kdp profiles as a function

of Zhh, shown in Figure 10 (c) and (d), are more consis-
tent with each other, although radar data are again signifi-
cantly more scattered. For reflectivity values until 40 dBZ,
radar and model profiles are very close, but from 40 dBZ
simulated Kdp increases more strongly than observed
Kdp. As Kdp is not affected by attenuation, we can’t ex-
plain this difference by an underestimation of radar Kdp.
This could be due to an overestimation of the oblateness
of the particles in the model but for rain, the formula cho-
sen from Brandes et al. (2002) seems widely acknowl-
edged. But Kdp also strongly depends on the drop size
distribution N(D) (Bringi and Chandrasekar, 2001), and
the overstimation of Kdp in the simulation could be ex-
plained by an inappropriate parameterization of N(D) in
the polarimetric simulator. However, like mentioned for
Figure 8, the observed Kdp is also probably underes-
timated because of its estimation method based on 25
range gates linear regression over φdp. New algorithms
for Kdp estimation will have to be studied in order to avoid
underestimating it.
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(a) Radar Zdr (dB) (b) Model Zdr (dB)

(c) Radar Kdp (° km−1) (d) Model Kdp (° km−1)

Figure 11: Observed and simulated differential reflectivity (Zdr) and specific differential phase (Kdp) as a function of
reflectivity (Zhh) for dry snow.

In snow (Figure 11, simulated and observed Zdr are
both almost constant with Zhh, although simulated Zdr
slightly increases (by 0.5°) from 5 to 20 dBZ. This slight
increase may be due to the increase of ice content with
Zhh. This figure confirms the choice of taking a constant
axis ratio function for snow. However the median simu-
lated Zdr is 1.5 dB higher than the median observed Zdr.
Even if we suppose that radar Zdr is, like for rain, biased

by about 0.5 dB, the simulated Zdr would still be too high
by 1 dB. Our axis ratio function (0.75) may be too low for
snow particles.

Observed and simulated distributions of Kdp as a
function of Zhh are very close. Both slightly increase
with Zhh. Simulated Kdp increases slightly more strongly
which confirms a too low value for the snow particles axis
ratio.
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(a) Radar Zdr (dB) (b) Model Zdr (dB)

(c) Radar Kdp (° km−1) (d) Model Kdp (° km−1)

Figure 12: Observed and simulated differential reflectivity (Zdr) and specific differential phase (Kdp) as a function of
reflectivity (Zhh) for wet snow or graupel.

Observed and simulated member functions for radar
"wet snow" and model graupel (Figure 12) are more differ-
ent. This is partly due to the fact that, as mentioned pre-
viously, the graupel category in the model does not rep-
resent exactly the same particles as the radar "wet snow"
class. Observed Zdr increases clearly more strongly
with Zhh than the simulated Zdr. This can probably be
explained by the fact that Zdr strongly depends on the
dielectric function and that "wet snow" particules may
contain more and more water with the increase of Zhh,
whereas the water fraction for graupel particles below
melting level is fixed to 14%.

On the contrary, simulated Kdp increases more
strongly than the observed Kdp. This could be attributed
to too low an axis ratio (0.75) in the model or to an under-
estimation of observed Kdp.

5 DISCUSSION AND CONCLUSION

A polarimetric radar simulator has been developed within
Meso-NH model, in order to enable direct comparisons

between measured dual-pol data and numerically mod-
eled data. The simulator takes as input the output of
model simulations such as hydrometeor contents (rain,
snow and graupel and ice), temperature, and ice con-
centration. The following polarimetric variables are simu-
lated: reflectivity (Zhh), differential reflectivity (Zdr), differ-
ential phase (φdp), specific differential phase (Kdp) and
copolar cross-correlation coefficient (ρhv ). Within the sim-
ulator, pristine ice particles are considered to be spherical
whereas rain, snow and graupel particles are simulated
as spheroids.

Observed and simulated polarimetric variables were
compared for the bow echo case on 24 September 2012,
for Nîmes and Collobrieres S-band radars. Subjective
comparisons were first conducted by comparing individ-
ual observed and simulated PPIs. Statistic comparisons
were then performed by comparing distributions of Zhh,
Zdr, Kdp and ρhv as a function of temperature (in convec-
tive areas), integrated from 00 to 12 UTC on 24 Septem-
ber 2012. Distributions of observed and simulated Zdr
and Kdp as a function of Zhh were also compared for
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three hydrometeor categories.
Different conclusions can be drawn from these com-

parisons. First, simulated data are clearly less scat-
tered than observations, which is probably mainly be-
cause radar noise is not simulated in the model, and also
because of the one-moment microphysical scheme used
by Meso-NH. Work is currently underway to implement
a two-moment scheme within Meso-NH model and com-
parisons between simulated polarimetric variables with
one and two moment schemes should be soon possible.
The differences in scatter between model and radar data
could also be partly due to the different horizontal resolu-
tion between simulated data (2.5 km ∗2.5 km) and radar
data (240m∗0.5°). Simulations at higher resolution could
be performed in the future, in order to test the impact of
model resolution on simulated polarimetric variables.

These comparisons have also shown a significant
bias in radar Zhh (in comparison with model Zhh), for
temperatures below 0°C. This bias could be due to an
overestimation of the hydrometeor contents in altitude by
the model, leading to an overstimation of reflectivity. But
the lower observed Zhh is also suspected to be partly
due to an insufficient attenuation correction, in particu-
lar because attenuation is corrected for rain only whereas
it could be significant for other species also, in particu-
lar for wet snow (which corresponds to the melting layer).
Work is currently underway to calculate attenuation cor-
rection factors in wet snow and snow (see poster 369 by
A. Boumahmoud and presentation 7B.2 by H. Al-Sakka).
Radar Zdr is also clearly biased but this is probably a cal-
ibration bias.

The comparison of distributions of ob-
served/simulated Zdr and Kdp as a function of Zhh (for
pixels with no attenuation) have also shown that for rain
and for snow, simulated Kdp increases more strongly
with Zhh than observed Kdp. This could be due to an un-
derestimation of observed Kdp because of its estimation
method from φdp. To evaluate the possible underesti-
mation of Kdp during it estimation method, the "intrinsic"
model Kdp could be compared to a Kdp calculated from
simulated φdp with the same method as is applied to
raw radar data. For dry snow, observed Zdr is almost
constant with Zhh, which shows that the choice of tak-
ing a constant axis ratio is reasonable. The comparison
between radar "wet snow" category and model "graupel
for temperatures higher than 0°C" category highlights the
difficulty of comparing radar and model categories, which
do not represent exactly the same particles. It also shows
that adding a melting model in the simulator, such as de-
scribed by Jung et al. (2008), could be useful to better
simulate "wet snow".

Different sensivity tests are planned to be conducted
in the near future. The sensitivity of polarimetric variables
to particle axis ratio and also to canting angle will be in-

vestigated. The main objective is to best adjust these
parameters in order to minimize the differences between
radar and model observables. Comparisons with X and
C-band radars will also be carried out for this case, and
other cases will also be studied. The final aim of this
study is to assess how and in which conditions the po-
larimetric variables could be used for data assimilation in
NWP models.
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