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- Joint effort of Météo-France + MinistèreEcologie + 
European Community (14 million euros). Launched in 2001, 
it will end in 2006

- 2 parts : (i) new radars to fill thenetwork gaps
(ii)  scientific studies to generate 
products to be implemented in theCASTOR2 
radar computer :

Quantitative rainfall estimate
Doppler
polarimetry

The PANTHERE Project

- Scientific committee
- Collaboration with research groups (CETP, LTHE, LCPC, 
CEMAGREF, GRAHI, ..) + (ALICIME, NOVIMET)
- User group 



Filling the 
gaps of the 

network

8 foreign radars (OPERA)

8 new Panthere radars

16 « old » radars
0  100  200  300 km

Dual 
polarization

6 new radars

2 replacements



La nouvelle lame d’eau 
PANTHERE

- étudiée dans le cadre OHMCV : radars de Bollène, 
Nîmes, Opoul, …

- collaboration avec LTHE/LCPC pour le PVR

- estimation / correction PVR

- correction des masques (estimés à partir de 
« SURFILUM »)

- combinaison linéaire de toutes les mesures au dessus 
du pixel

- production systématique d’une carte de contrôle de 
qualité



Cumul 24 heures : 15 avril 2005 6h au 16 avril 6h essai temps réel sur 7 radars

Mosaïque de lames d’eau

Pointage des pluviomètres



Composite lame d’eau + facteurs qualité

Ce produit servira à alimenter la lame d’eau mixte 
Antilope (lame d’eau 1h radar+pluviomètres)

Opérationnel en 2006 : 1er trimestre pour les radars individuels; 
3ème trimestre pour la mosaïque



DOPPLER
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Doppler
Tabary et al, 2005 «Test of a 
staggered scheme for the French 
radar network», JAOT, 22, N°4.

Requirements : 
1) No specific Doppler mode, ie. completecompatibility 
between detection mode (up to 300 km in range) and radial 
velocity estimation, without changing the PRF (330 Hz)
2) Possibility to upgrade the old radars

Accomplishments:
- the« Triple PRT technique» gives unambiguous radial 
velocities up to +- 60 m/s for C-band
- a numerical receiver has been developed and implemented
in the CASTOR2 radar computer

Operational in the beginning of 2006

Main user : AROME weather prediction model in 2008



Double et triple PRT method
These methods consist in interlacing several PRTs. We 

take benefit of the differences between the aliased speed 
to remove the ambiguity.



the triple PRT method

V1 V2 V3

Desaliased speed

desaliasing of the radial speed



Doppler :

structures of the errors



Reference radial speed

Median filtering of the
dealiased radial velocity

Desaliased radial velocity



Reference radial speed

Filtered desaliased
radial velocity



influence of the SNR

Histogrammes des erreurs sur V123
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Mois d'août : 92% de succès

Air clair bas SNR : 72% de succès

Air clair fort SNR : 96% de succès

Pluie : 90% de succès

k*2VNyquist1



influence of the range
Histogrammes des erreurs sur V123 en  fonction de la distance au radar
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30-40km taux de succès=96%
90-100km taux de succès=91%
k*2VNyquist1



Doppler
simulation



Gaussien spectrum creation

Re-sampling with the 3 PRT

FFT-1

Add white noise to the spectrum

Principle of the simulation (Zrnic 1975)

V1, V2 et V3 computing

Desaliasing to get V



Simulation results (versus 
spectral width)



Doppler 
optimal PRT-triplet 

determination        
(using the simulation)



Determination of theoptimal triplet

Ratios choice :

.
5
3

;
4
3

;
3
2

1

2 etc
PRF
PRF

=

.
5
3

;
4
3

;
3
2

1

3 etc
PRF
PRF

=

equivalent 
Nyquist

velocity for the 
choosen triplet 

success  rate 
estimation 
(using the

simulation)

Success rate

Nyquist velocity

x



Double PRT :

Su
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s 

ra
te

equivalent Nyquist speed

success rate = 65%
equivalent Nyquist

Speed = 60m/s

12/13

45 couples



Triple  PRT :
Success rate = 85%
Equivalent Nyquist

Velocity = 60m/s
Su
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es

s 
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te

Equivalent Nyquist velocity

6/7 4/5

196 couples



altitude 

0 – 10  km

altitude 

0 – 10  km

0h - midi

midi - minuit

Profils de vent VAD : 26 juillet 2003



Doppler 
Upgrades

8 foreign radars (OPERA)

Doppler radars in 2005 (11)
0  100  200  300 km

Doppler radars in 2006 (9 more)

Radial 
velocities 
assimilated by 
the AROME 
model 
(operational in 
2008)



POLARIMETRIE



Polarisation 
horizontale de l ’onde 
émise H

Goutte 
d ’eau cible

Onde radar

Polarisation 
verticale V

les grosses gouttes sont aplaties

���� dissymétrie de comportement sur les voies 
H et V

Cette dissymétrie concerne à la fois la 
rétrodiffusion du signal et sa propagation 

Intérêt de la polar imétr ie

Ø 4 Ø 3.68 Ø 2.9

Les diamètres sont en mm.

Ø 2.65 Ø 1.75 Ø 1.35

Observables : Zh     Zv      Zdr     r hv      f dp       Kdp



Polar imetry
The first of the 8 new C-band radars is equipped with dual-pol 
capabilities

The 7 others can be upgraded with a modification kit

1 year experiment (near Paris) to evaluate the operational 
benefits of polarimetry for :

1)  artifact elimination

2) attenuation correction

3)  absolute calibration of Z 

4) quantitative rainfall estimation (test of theZPHI 
algorithm, (Le Bouar and Testud))

5)  hydrometeor classification



“Classification of Hydrometeors 
and Non-Hydrometeors using 
Polarimetric C-Band Radar”

Jonathan J. Gourley, Pierre Tabary, 
and Jacques Parent du Châtelet

Météo France

Rejection of the ar tifacts



Construction of Membership Functions
1. Use “expert analysis”  to 

identify phenomenon (e.g., 
ground clutter)

2. Restrict search domain so 
that the phenomenon of 
interest is isolated (time, 
azimuth, range, altitude)

3. Calculate density



normalizedrrrr HVNormalized texture of F DP

Precipitation

AP/GC

Chaff

Clear Air 
Echoes



Movies of Raw Fields and 
Classification Results

Very L ight Precipitation with Ground 
Clutter  and Clear  Air  Echoes



ZH

QuickTime™ and a
Cinepak decompressor

are needed to see this picture.



r HV

QuickTime™ and a
Cinepak decompressor

are needed to see this picture.



Text 
F DP

QuickTime™ and a
Cinepak decompressor

are needed to see this picture.



Text 
ZDR

QuickTime™ and a
Cinepak decompressor

are needed to see this picture.



Class

QuickTime™ and a
Cinepak decompressor

are needed to see this picture.



Movies of Raw Fields and 
Classification Results

Intense Convection



ZH

QuickTime™ and a
Cinepak decompressor

are needed to see this picture.



Class

QuickTime™ and a
Cinepak decompressor

are needed to see this picture.



Conclusions
• Membership functions are directly applicable to 

radar wavelength and specifics to radar site 
(propagation paths, typical scatterers)

• Methodology is easily extended to accommodate 
multidimensional functions

• Future work will test developed methodology on 
different particle species (hail, snow, etc)

• Results indicate polarimetric variables provide the 
capability to dramatically improve radar data 
quality



Attenuation Correction





Attenuation Correction Method

• Potential error 
sources
– Cell growth or 

decay
– Precipitation in 

melting layer
– Hail
– Ground clutter
– Noisy F DP

• Thus the following 
criteria are imposed:
– ZH < 40 dBZ
– T > 5
 C
– ZH < 40 dBZ
– r HV > 0.97
– range > 5 km
– Change in F DP > 10


Key Assumption:  Values of ZDR and ZH remain constant over a 5-
min period, when a moving reference frame is considered



Mathematical Background

Z H = Z H
int - aF DP

ˆ Z H = ˆ Z H
int - a ˆ F  DP

ZH - ˆ Z H = - a F DP - ˆ F  DP( )

Lots and lots of measurements…put in matrix form

Z- ˆ Z = PHI ×(- A ) J = Z - ˆ Z - PHI ×(- A )( )T
× Z - ˆ Z - PHI ×(- A )( )+ l T U T ×(- A )( )× U T ×(- A )( )

System over-determined…introduce cost function and minimize

A = - PHI
T

×PHI - l UT ×U( )
- 1

×PHI
T

× Z - ˆ Z ( )�  

�  �  
�  

�  �  



Initial ZDR



Advected 
ZDR +5 min



Observed 
ZDR +5 min



Initial Zh

0 60



Advected  
Zh +5 min

0 60



Observed  
Zh +5 min

0 60



Initial f dp

-10 100



Advected 
f dp +5 min

-10 100



Observed 
f dp +5 min

-10 100



Retrieved Attenuation Correction 
Curves

Date Event Start-End

Times

Sample Size a b

24 Mar 2005 16-18 UTC 6.95 x 105 0.0805 0.0304

03 Jun 2005 14-16 UTC 7.97 x 104 0.1111 0.0311

23 Jun 2005 15-17 UTC 1.62 x 106 0.1044 0.0496

26 Jun 2005 10-11 UTC 1.01 x 106 0.0817 0.0268

28 Jun 2005 20-21 UTC 1.04 x 106 0.0719 0.0294

30 Jun 2005 15-17 UTC 1.61 x 106 0.0737 0.0336

04 Jul 2005 04-05 UTC 1.76 x 106 0.0300 0.0166

Z

Zdr



Verification: Radar-Radar 
Comparisons (ZH)

1. Find nonattenuated data from the perspective of both 
radars (based on f dp < 10
 and ZH-based estimated 
attenuation)

2. Remove bias due to calibration differences
3. Find nonattenuated ZH from distant radar and attenuated 

data from Trappes
4. Plot ZH differences for co-located bins as a function of f dp

5. Correct Trappes data for attenuation
6. Go back to Step 1. 

T

F DP

R



Results: Radar-Radar 
Comparisons

• Radials must not 
contain hail or be 
within the melting 
layer

ABB

BOU

FAL



Conclusions on Developed 
Attenuation Correction Scheme

• Empirical nature of method permits it to account 
for variability of correction coefficients to drop 
sizes and temperature

• Subjective analysis and objective comparisons 
indicate significant improvements in ZH and ZDR
fields

• Correction coefficients have been derived over 1-2 
hours for each case, averaged over all radials

• An operational algorithm will need to account for 
temporal and spatial variability of correction 
coefficients



Calibration of Zh
with the 

consistency 
method

Zh + Zdr 
(measured)

Kdp and F DP
computed

F DP
measured

Bias on Zh



ZH Calibration Results

• Examined over 2000 profiles from May-July 
2005

• Linear model 
= 4.6


• Goddard and 
Beard = -1.2




ZH Calibration Results

• Added a perturbation of +1 dB 

• Linear model = 
7.1


• Goddard and 
Beard = 0




RADAR MEASUREMENTS 

conventional
Cartesian format
1km x 1km

polarimetric
polar format
240 m x 0.5?

Sigma
Zh

r HV
F DP
Zdr

Zh
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• 
Dt <= 6 minutes Dt = 1 heure 

Dt = 24 heures Distance 
from radar

Number of 
gauges.
Dt <= 6 
minutes

Number of 
gauges

Dt = 1 heure

Number of 
gauges
Dt = 24 
heures

0 - 50 km 23 +
75 (dense 
network)

around 110
(35+75)

around 140

50 – 100 km 20 51 170

Distance 
from radar

Number of 
gauges.
Dt <= 6 
minutes

Number of 
gauges

Dt = 1 heure

Number of 
gauges
Dt = 24 
heures

0 - 50 km 23 +
75 (dense 
network)

around 110
(35+75)

around 140

50 – 100 km 20 51 170

Distance 
from radar
Distance 

from radar
Number of 

gauges.
Dt <= 6 
minutes

Number of 
gauges.
Dt <= 6 
minutes

Number of 
gauges

Dt = 1 heure

Number of 
gauges

Dt = 1 heure

Number of 
gauges
Dt = 24 
heures

Number of 
gauges
Dt = 24 
heures

0 - 50 km0 - 50 km 23 +
75 (dense 
network)

23 +
75 (dense 
network)

around 110
(35+75)

around 110
(35+75)

around 140around 140

50 – 100 km50 – 100 km 2020 5151 170170
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BB/snow/hail RAIN� � � � / � � � #�01
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all rainy 
pixels up to 
60 km
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Consistency method shows 
promising results

Absolute calibration 
of Z

efficient  for hail (2 identified 
events) and for wet snow
(bright band)

Hydrometeor
classification

improvement through the 
attenuation correction but still
haveproblems with light rain
(accuracy of No* estimate?)

Quantitative rainfall 
estimation

very efficient (with ZPHI or 
another algorithm)

Attenuation correction

very efficient (ground clutter 
and clear air echos)

Artifact removal

Initial conclusions for  dual polar ization 



Plan for 
polarimetric 

upgrades 
(2006-2008)

8 foreign radars (OPERA)

8 new Panthere radars

16 « old » radars
0  100  200  300 km

first priority (kits)

second priority (upgrades)



FIN ..



La collaboration avec le 
GRAHI

1) Module « Aprenrad » pour la formation des prévisionnistes
10 situations volumiques avec les radars ARAMIS

2) Module de « ré_analyse» sur 3 postes de prévisionnistes 
pendant 9 mois

3) Examen des possibilités de portage sur les terminaux de 
visualisation (Synergie, Oppidum)





« Calibration » des lames d’eau en 
temps légèrement différé

But : corriger automatiquement les lames d’eau à l’aide d’un 
rapport radar/pluvio moyen estimé en temps réel

On utilise les données des heures qui précèdent pour calculer 
le facteur de correction fact qu’on applique sur tout le 
domaine :

- W(t) = filtrage temporel

- Rrappel = coefficient de rappel pour 
éviter les catastrophes

[ ]
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+
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=

rappelijradari
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Exemple d’application sur  Nîmes avec 
différents types de filtrage (1h à 32 heures)





New tools to 
quality 
control  the
radar  
network

VIRAP : real time 
visualisation of the 
radar/gage ratio by 
the forecasters



New tools to 
QC the radar  
network

ISURAD : 
Interface to 
SUrvey the 
RADars

Ground echos

radar/radar

radar/gages



Hydrological 

visibility



MNT

Radar + mode 
d’exploitation

Algorithme 
calcul de lame 
d’eau

Carte de visibilité 
hydrologique

Calcul des échos 
fixes, masques

Visibilité hydrologique (Delr ieu, Pellar in, Faure)
(rapport entre les taux de pluie radar et au sol)

Logiciel 
SURFILUM

Informations sur les obstacles 
proches (« masques anthropiques »)



HYDRAMPANTHERE

« optimal »

Visibilité pour  différents 
algor ithmes de lame d’eau



HYDRAM



PANTHERE



PANTHERE + Nvx radars


