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1. Introduction
The assimilation of Doppler winds and reflectivititom the S o e o
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significantly improved precipitation scores (Caumen al, | 3\] L] ‘;‘5{& W g
2010, Wattrelot and Caumont, 2012). Some important 45'~-\,L /N V\Mﬁ?f‘}\l D |t
changes are currently considered: data from tieXand | P s (2 AN
radars of the RYTMME (HYdrometeorological Risk in o0 TOUL/Mf%\\,\“'-“-”% ) .
MEditerranean and Mountain areas) project and fraia ’ ' l.\%l\r-»f °P@“) _J Afr\
three Spanish C-band radars provided by AEMET are : N < /
evaluated in the assimilation system (Fig. 1).
The assumed observation and background error encas
play an important role in determining the weightaofjiven
observation in the 3DVar AROME assimilation. A pogtri
diagnostics can be used to estimate and betteifysibe

standard deviation and the horizontal correlatiaisthe ] ] )

observation errors. The latter may be used to niitermore ~ Fig. 1 Evolution of the radar network in the 3DVa
optimal thinning distances for the different radak# shown ~ AROME assimilation system. 16 French radars in C-
results are deduced from runs with the current AROM band (yellow circles) and 3 Spanish radars in C-tan

France NWP system but all developments will bertefithe (red circles). 8 in S-band (green circles). 12
AROME WMED model (inherited from the operational Polarimetric radars (orange circles) from which 2
AROME France model, Seity et al., 2011) and will be radars in X-band (blue circles).

followed through the International HYMEX project.

2. Assimilation of the X-band radars of the RHYTM M E project
2.1 Radar data set for the assimilation

To improve the radar coverage in the Southeastaride, Météo-France, in partnership with other Emeesearch institutes
and administrations, is currently running a projeained RHYTMME. In this project, a network of 4 admetric X-band
radars is planned to be deployed before 2013.rRirgry tests of assimilation have been done with“tt-Vial” radar
from NOVIMET. Current tests shown here are donegisiMt-Maurel” radar data in the 3DVar AROME asdiation
system (left blue circle in Fig. 1). This last rad®a dual-polarization Doppler X-band weatherarad he scan strategy for
assimilation consists on a cycle of 15 minutes thioovides 10 PPIs at 10 different elevations °(0155°, 2.7°, 4°, 5.5°,
7°, 9°, 11,° 13°, 15°). Both radial Doppler windsdareflectivities are assimilated. Triple Pulse &#jve Frequency is
needed to unfold radial velocities, the ratio ofFPlieing very close to 1 to get a non ambiguous tajbcity around 55
m/s. Unfortunately, this constraint provides oftamoneous unfolding because of the low PRF usedXfband. In these
particular cases, the median filter, which is agplsuccessfully to C and S-band radars, is noicgiif if raw data are
locally very noisy. The resulting filtered wind liiecan indeed be over smoothed. As a consequeno@geathreshold of the
first guess quality check is applied (15 m/s indteB20 m/s).

Concerning the reflectivity field, it appears thiheé only use of simple-polar reflectivity can detgahe system (e.g. the
paragraph 2.2.2). Indeed, using simple-polar réflitg leads to use the classic iterative methodtloé “Hitschfeld-Bordan”
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algorithm to correct the reflectivity attenuatid@urrent tests are done using statistic empiriceddr relations between the
differential phas&ppand the Path Integrated Attenuation (PIA), depandimthe pixel type:.

Pixel identified as RAIN: £ (db2) = Z (db2) + Y4 -Ppp
Pixel identified as NO-RAIN: £, (db2) < MDZ (db2) + y4 .Ppp

where MDZ = 20 log(d/g) is the minimum detectable reflectivity at theaadange d. gis the distance where the detectable
reflectivity is zero dbZ. Thus, the threshold of tlietectable reflectivity is enhanced for pixelsniified as "no-rain" (true
“0” signal or extincted signal because of raireattation). These two kind of pixels are then teéafgecifically in the radar
assimilation (e.g. Wattrelot and Caumont, 2012).

@® nro-rain
rain

Fig. 2 Reflectivity field at 09h UTC the Bovember 2011 from radar composite (top left) Whicludes data from the
C-band radar of Collobrieres, from “Mt-Maurel” radaat 0,5° elevation without PIA correction (botttaft), with PIA
correction (bottom right). Corresponding pixel staf(rainy or “non-rainy” signal) top right.

Fig. 2 illustrates this correction by the PIA amsl impact in extinction areas. Only "non-rainy" asevhere the minimum
detectable reflectivity is negative are used in dssimilation, because less confidence is giveremaote areas where the
radar is much less sensitive. Along the black dadire, two areas of extinction can be distinguishy comparison
between a “Mt-Maurel” PPl and the reflectivity coogite which includes data from the neighbor “Catiéles” C-band
radar. The raw data located in the dark circle iaitgally identified as "no-rain" (top right). Theninimum detectable
reflectivity is then enhanced by the PIA of thet laslar gate encountered above the noise levelofideft and right), the
“non-rain” status remaining the same. The compariwith the radar composite (top left) with the reated reflectivity
(bottom right) shows that there is possible extorctaround 30/35 dbZ in this particular area. LoBsainy pixels is also
visible at the end of the dashed line while raifdentified on composite map, denoting an extinttd around 40/45 dbZ.
As a conclusion, the reflectivity field can be dmdgd in rainy areas because of errors made bylfked?Prection., and its
sensitivity can be greatly reduced with the consega of strongly reducing the detection range efltiwest reflectivity
(for example a 6 db rain attenuation close themrada lead to a reduction of half the distancettier lowest detection: 20
log(d/dy) = 20 log(d/d) + 6 => d=10""°dy= 0.5 @).

In order to evaluate the assimilation of the adeidvaurel radar, we have run different experimedntthe first fifteen days
of November 2011. Several heavy precipitation evectur during this period over the Southeast ah€e. Unfortunately,
the radar broke down during the heaviest rainfaéiné on the 8 and 7' November 2011. However, some specific case
studies with heavy rain over the Vaucluse or thaudes du Rhone departments allow to evaluate thenpal and
limitations of these additional data in the assatidin.
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2.2 Analysis increments and impacts on forecasts

2.2.1 Assimilation of Mt-Maurel’s radial mds

In order to evaluate the impact of the assimilattbnadial wind or reflectivity from Mt-Maurel radathe first analysis time
of the experiences shown here are 12h UTC of thefANovember 2011. We compare two analysis, one filee control
experiment which consists on the 3DVar AROME adsitioin of all observations routinely treated in og@nal

(measurements from conventional observations, tharges from ATOVS, SEVIRI, IASI instruments, groubased GPS
etc.) and the second one from an experiment intwthie radial winds from Mt-Maurel radar are assateitl as additional
data. The data are then cycled in a Rapid Updatée@yery 3 hour.

Despite some problems of folded velocity as mertibabove, consistent analysis increments havefbaead (Fig. 3).
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Fig. 3 Composite reflectivity field at 12h UTC h&" November 2011 (top a,d, and e). Radial wind fravit-Maurel”
radar at 0,5° elevation (botton left ¢), and copesding simulated wind from the AROME frist-guess2i (middle left b).
At 12h UTC: divergence analysis at 950 hpa witiM@&urel and without (g). Vorticity analysis at 78fa with (h) Maurel

and without (i).

The comparison between radial wind data from Mt-Ma(Fig. 3c) and simulated data from the firstggief AROME (Fig.

3b) suggests that the observed wind circulatiomesponding to the main precipitations patterndeaster seen than
forecasted by the model. In particular, the conercg line as observed on the composite map (Fidh8avy precipitations
line on the Vaucluse and the Bouches-du-Rhonegttebanalyzed with these additional radar datahvhilow to correct
the divergence analysis at 950 hpa (Fig. 3f andaBd)the analyzed vorticity field at 700 hpa (Higadhd i).

Other experiments starting on thé"a5ctober 2010 with 8 assimilation/forecast stepsdag and during 10 days have been
run. Neutral classic and QPF scores have been finotdghown).

2.2.2 Assimilation of Mt-Maurel’s refledaties

Two kinds of experiments have been done. Firsts teth assimilation with using simple-polar refigities. The results
show consistent analysis increments close to tii@ry@ut the QPF scores can be degraded on speaificstudies as th¥ 4
October 2011 (not shown).

The second kind of experiment consists of the cyelssimilation of 16 days between 25 October antid@ember 2011
with dual-polar reflectivities (it means with coct®on by the PIA as introduced in paragraph 2.1¢ufkal or slightly
negative results are found. For example, the obsiervminus first-guess against three radars orstheheast of France are
shown on the Fig. 4: slight degradation on thé&ofiBollene and Nimes, but neutral impact on th&fi€ollobriéres.
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Fig. 4 For a 16 days period( between 25 October128@id 10 November 2011) root mean square of ob8erveninus first-
guess departures from the experiment with Maurati(dine) and from the control without Maurel (réde). Root mean
square of observations minus analysis from experimith Maurel (dashed dark line) and without Maluired dashed

line).

2.3 Conclusion

As a conclusion, the “Mt-Maurel” X-band radar prdes some additional visibility. These additionalormation can
provide an improvement of the AROME analyses (s@enase studies). The degradation of the reflégtfigld and loss of
radial wind data due to frequent cases of signihetion do not allow to clearly improve the 3DVAROME system with
the assimilation of such data. In particular, timpact of the dual-polar reflectivity has to bel gttaluated. However, results
from the assimilation of radial winds suggest ipssible to include these data in the system. shegyatic monitoring is
currently done in the parallel e-suite of AROME.&3iureal time assimilation tests of the radial wirsde planned in June-
July in order to prepare the first Special ObséovaPeriod (SOP) of the HyMeX experiment that witlcur this autumn.

3. Estimates of spatial observation-error characteristicsfor radial winds
3.1 Context

In this part, we estimate radial wind observatioroes and their spatial correlations. Radar dataiecily provide the
largest number of observations as input to the BIWROME assimilation system. Moreover, using baidial wind and

reflectivity observations leads to improve QPF ssamainly in the first six hour forecasts. In dida, Brousseau (2012)
has recently shown that the impact of radar dateerms of reduction of the analysis variance was rtiost important
between ten and one hundred kilometer of structemgth (compared to the other observations). Ireotd further

optimize the use of radar data, the specificatibmdequate observation errors statistics is crudibht's true for the
observation error standard deviation, but alsottier spatial observation error correlations. Indeedhe current 3Dvar
AROME data assimilation system, spatial observagionr covariance matrice is assumed to be diagdmaktounteract
the eventual effects of existing spatial observa@aor correlations, a horizontal thinning of thleservations is applied:
each observation is selected every 15 km for rdd#a. To increase the density of the observationparticular in the

context of the increase of the model resolutiontheut accounting for the spatial error correlatimmuld lead to

suboptimal analyses, if such correlations existi @nd Rabier, 2003). However, the need for spexjfguch correlations
depends on the ratio between horizontal correlatength-scale of observation-error and backgroumndrein the

observation space. Here we will distinguish spaitiifa and inter-radar covariances. Consideringtigp@ter-radar

covariances could lead to revise the current thipraind to increase the number of selected obsengain the regions
covered by several radars. As matter of fact, theeat approach considers one profile deduced ftoendifferent

elevations within a 15x15 Knibox, no matter the radar.

3.2 Dataset and Methods

Both methods used here are based on the firsisge@s(Hollingsworth-Lénnberg, 1986, HL) and anaydepartures
(Desroziers diagnostic 2005, DES) from a data lodgmirs of radial winds which are binned by separadistance. For
these computings, a constant observation-erroanegi with radar range (by comparison with operati@onfiguration
where this variance increases linearly with distdrttas been used in a reference experiment witheat®on of a radial
wind within thinning boxes of 8 krm 8 km. Each pair of observations is required tgiadte from each radar separately
(for intraradar spatial computations), each PPVatlen separately, each azimuth angle separatetyadthe same time.
The overall sampling is taken among analyzed data f1 sixteen days time period 25 October 2011-&@ehber 2011.
The HL method is based on the assumption that baokg errors are spatially correlated whereas @hsiens errors are
spatially uncorrelated. Therefore the observatiororestandard deviation appears at zero separa®ra spatially
uncorrelated component.

The DES method consists of computing consistengristics for observation, background and analysier® in
observation space. It assumes that there is thghtvgiven to the observations in the analysis iagreement with the true
error covariances.

3.3 Results of estimates of spatial intra-raskeservation-error covariances, variances and ledioas.

First, the use of the HL method. To get the obd@maerror standard deviation value, we perforneammapolation of the
first-guess departures covariances from non-zeparation to zero distance by using a correlatiorction (dashed blue
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line on Fig. 5 left) to fit to the background colarces between non-zero and zero separation. Usingrbitrary
correlation function can lead to an underestimatibthe observation error in case of the preseificgatial observation
error covariances. In the other hand, if the tnoatial background covariances for the smallestrsgipa are larger than
those indicated by the arbitrary correlation fumietithe observation error standard deviation caovegestimated. The
comparison with results obtained by the DES methaghest that we are in this last case (the blaekdorresponding to
background-error covariances is above the dashed lie between zero separation and the first stipar bin).

Moreover, the spatial observation-error correlagiobtained from the DES method indicate correlatibelow 0.15 for
separations larger than 10 km (Fig. 5 middle). T$ance corresponds nearly at the thinning séparased currently in
operational.
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Fig. 5 Spatial intra-radar covariances (left), sgtobservation-error correlations (middle) and iesates of observation-
error standard deviation (right).

It appears surprising that spatial observationrecarrelations is so small for separations gre#tian 10 km (Note that
observation error contains representativity erodoservation operator error etc.). To reduce thesmasion interval it is
probably necessary to introduce explicitly obseoraerror covariances in the observation-error mgtrecause of larger
length-scales of background error correlations,drid Rabier, 2003).
Both methods give similar values of observatioroelslightly less than specified value in the sygtevith a probably
overestimation of the error by the HL method (Figgt).
Results of estimates of spatial inter-radar obsemarror covariances suggest there is also vigttg kcorrelation (not
shown).
The same work is underway for relative humidityrieatals from radar reflectivity but it is not shovaere. It seems to be
more difficult to find consistent results becausearrelations between the model-error and the vagien-error.

4. Assimilation of radarsfrom AEMET.

In the framework of the HyMeX experiment (Hylbrgical cycle in Mediterranean Experiment), tests angoing in order
to assimilate data from three Spanish C-band rddars Madrid, Barcelona and Palma de Majorque @AIROME 3DVar.
This work has been done thanks to close collalmratwith AEMET, which is part of the European HIRMAconsortium.
For each radar, two elevations have been considarddr (0.5° and 1.4°) for reflectivity, radialwds and the associated
quality flag with a 120 km range. These radarsusiag a double PRF strategy and non-meteorologlatters are removed
using the Doppler spectrum.

4.1 Format conversion

The first important step consists to convert tHéedint PPIs in BUFR format in order to fill thetdhase that is used in the
AROME data assimilation system. This is done thatakthe CONRAD software, which has been developgdviartin
Groensleth (SMHI), that produces one BUFR file glewation in polar coordinates from the local formsed by AEMET.
All elevations are then read and gathered together pre-processing routine that generates protifesadar data, as in
operation for the ARAMIS radars. Two different dittng are then applied to radial winds, as detaitetontmerle and
Faccani (2009).

4.2 Impacts on analyses and forecasts

In order to quantify the impact of the assimilatiohthese extra radar data, two experiments anecled. The first one
(CNTRL) mimics the operational configuration of ARIE for 6 successive forecast/assimilation stepsyetrgee hours,
starting at 6h00 UTC the 2®f March 2012. The second experiment (EXP) comsid¢d&MET radar data in addition for
each assimilation step. As displayed in Fig. 6agial wind innovations (obs—guess) for the firsim#lation time range
approximately from -12 to 10 risfor the first elevation. In EXP, these values wllto enhance the analyzed wind
circulation West of the Baleares Islands towar@sN¥NW (Fig. 7, left), especially in the lower tagphere. In addition, the
1D Bayesian inversion of the reflectivities alloav iroduce mostly positive increments of relativenfdity in observation
space (Fig. 6.b), which in turn, through the adsitinin of these pseudo-observations of relative iditynin the 3DVar,
permit to humidify consistently the lower troposph@bove the Mediterranean sea between the Baledaesls and the
Spanish mainland and to dry the area that surroBrdselona (Fig. 7, right). For that particular €athe radar data have
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therefore enhanced the southerly humid flux towaEasalonia, which produces realistically more pp#ations in this
region in the following forecasts (not shown).
The whole processing chain has thus been sucdgstdated and validated, and encouraging resulte heen obtained.

Assimilation tests are planned in quasi-real timdune-July in order to prepare the first Specias&vation Period (SOP)
of the HyMeX experiment that will occur this autumn

a) DOW innovations in obs space

b) Relative Humidity increments in obs space
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Fig. 6 : Zoom over the NE of Spain for EXP of @jial wind innovations (obs-guess) of and of (ttree humidity (RH)

increments in observation space , for the 0.5° thedl1.4° elevations respectively thé"28 March 2012 at 9h00 UTC. RH

are deduced from the 1D inversion of reflectiviti®sppler winds have positive values towards ttaarastars correspond
to radar locations.
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Fig. 7 : Analyses differences with/without datanfirdEMET of (left) wind intensity and direction, asfdright) specific
humidity at 900 hPa the #®f March 2012 at 9h00 UTC.
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