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1 Introduction

The operational radar network of Deutscher Wetésti (DWD) with 16 radar systems was built up betw&987 and
2000. While the first systems delivered informatimimout echo intensity, echo location and echo dégghent only, the
radar systems from 1994 onwards allowed the estmabf the mean Doppler velocity extending the m&nof
meteorological applications. Since 2009 DWD is edteg and modernizing its national weather raddwaek with new
polarimetric C-Band Doppler radar systems. Addaityn a 5-minute volume scan strategy was succlgshiroduced in
2012. The enhanced system capabilities of the ipaddiic radar systems in combination with the nehlume scan strategy
allow a mayor improvement of existing algorithmslahe development of new procedures. The aim isngnovement of
the quality of nowcasting algorithms and the wagnmanagement process as a whole. As a constrlatesults of the
improved algorithms and procedures have to be ahailnear real time with a minimal mean time betwsglures (run
24/7). Thus, the algorithms have to work with hjgdrformance in combination with an easy maintailitghbiTo achieve
this, a new software framework capable to unitetla stand alone radar algorithms was establisheplrallel to the
exchange of the radar systems. This abstract eiiflicthe current radar related developments withiviD.

2 DWDs new radar network

2.1 Radar system exchange

The DWD is currently replacing its operational Digpradar network with new polarimetric C-Band Dtgpradar
systems (EEC DWSR-5001C/SDP-CE with an ENIGMA3-nalgrocessor). The radar systemseageipped with an AFC
radome (20DSF17 6m stealth radome). The new syséeenable to provide a peak power of 500 kW. Fause widths
(0.4, 0.8, 2.0, 3.0 ps) are possible, from thoda®and 0.8us are used operational. The receivecatizct samples at 25m
range steps with the antenna rotating at 8 rpndingato data with high spatial and temporal resoiutThe beam width of
the antenna is expected to be at least 1°. Thebeital facilities allow the identification of weahowers up to 250 km
distance. Overall a preservation and improvemeudatd quality and quantity within the weather ragietwork is expected.

Along with the radar system exchange the netwanliciire was optimized by the relocation of seveit@s (Frankfurt,
Hamburg, Berlin, Munich, Hannover and Emden) argitistallation of an additional {#adar system in Memmingen. At
the end of the radar system exchange in 2015 thiéirbe 17 operational polarimetric radar systemd ane research radar
system at the Meteorological Observatory Hohenpdi8ey.

The research radar system was the first systeragegland is used for hard- and software testsjadpeeasurements as
well as the optimization of radar parameters likmal thresholds, filter settings, scan elevatietts Additionally the system
is extensively used for verification purposes.

The replacement of the operational radar systeradagistical and technical challenge. In ordemiaimize gaps in the
network coverage during the modernization of aesysispecial arrangements are taken. In a firstteepange of the highly
used precipitation scan (see section 2.2) was dg&tefrom 125 km to 150 km. For the radar staticew the German border
the network coverage is ensured with a failovearaystem (Essen, Feldberg, Rostock and Dresdéig.i§ a Doppler
radar mounted on top of an up to 30 m height mdhitice tower. The failover radar is located temgvg near the original
radar station and delivers the established radzdyats with comparable quality. The Belgium and dbzeeather service
provide their radar data as failover for two radtations (Neuheilenbach and Eisberg). For all rafations which are
relocated (HamburgBoostedt, FrankfusOffenthal, Berlin»Prétzel, Munick»Isen, Hannove®Hannover new,
Emder>currently N/A) data are delivered from both statiaturing parallel operation. For all other statiansmall gap
remains in the network coverage or only informafim@m higher altitudes is available. Therefore adj# radar systems are
not exchanged at the same time.

Figure 1 shows DWDs radar network on the basifhefprecipitation scan before (left) and after (fighe introduction
of polarimetric Doppler radar systems. Becauséefrange extension from 125 km to 150 km of theipration scan and
the relocation of several sites, Germany is nowpdetely covered by the highly used precipitatioarsc
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The polarimetric radar systems deliver differenfalver and phase moments, which may be used tmastithe size,
shape and type of hydrometeors. Along with the ragistem replacement the development of advancgdigims has been
started with the so called project “RadarmaflRnahmesults from the project are shown in the contiitims by M. Frech,
M. Werner, J. Steinert and P. Tracksdorf at thisfe@nce.

status: 2009 ¥ status: 2015
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Figure 1: DWDs radar network on the basis of thecgpiation scan before (left, 125 km range) ancaftight, 150 km range) the
introduction of polarimetric C-Band Doppler radarstgms.

2.2 Scan strategy

In order to have a higher temporal resolution ef ¥blume scan for the development of new and imgalalgorithms, a
5-minute volume scan strategy was successfullydhtced at the end of 2012 (Seltmann, 2013) in |gara the radar
system exchange. The procedure of this scan syragetpscribed in the following paragraph and thated in Figure 2.

First, a horizon following precipitation scan (68@, 150 km, lowest elevation angle possible follogvthe horizon line)
is performed. Here, the antenna elevation is atiom®f the azimuth and is individual for everyesitThe data has a range
resolution of 250m and is used for many applicatitike algorithms related to the warn managemeunit faydrological
applications.

The volume scan consists of 10 elevation anglatirgjawith the 5.5° elevation sweep. Going downveaia elevation
with 3 rpm, the important data near the groundvalable after 2.5 minutes. An unambiguous velowitgrval of +/- 32 m/s
and a radial range of 180 km is achieved by a @830/800 Hz) dual PRF ratio. Then the upper fouvatiens are scanned
combining an extended nyquist velocity of +/- 32smfith a maximal unambiguous range large enoughatople the
troposphere up to a height of at least 12 km. [dggtring is performed for the sweeps with the ¢iema 12°, 17° and 25°.
The sweep with an elevation angle of 8° is recolideti2:3 staggering mode (1200/800 Hz, 125 km)s Ththe same setup
as in the old scanning scheme upholding contirfoitghe VAD calculations, which are solely basedtlnis sweep.

At the end of each 5 minute cycle a scan at 90Vadilen is performed which is used for calibratiamdamonitoring
purposes (cf. M. Frech this conference).
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Figure 2: DWDs 5 minute scan strategy

3 DWDs new post-processing algorithm chain

The legacy post-processing algorithm chain at DWiDsists of different tools (e.g. RadarQS, compog#eeration,
KONRAD) to generate the various radar products.tTihereases the complexity for the maintenance, itodng and
controlling. Furthermore the integration of new aithms and especially the combination of algorighm difficult.
Moreover it is time-consuming to transfer algorighfrom the development (prototype) to the operatigtage keeping in
mind that the algorithms have to run 24/7 withaéint performance including extensive monitoring @asy error analysis.

Therefore, along with the replacement of the ragyatems the post-processing algorithm chain issigded with the aim
to create a development-, verification- and runten@ironment, which supports and standardizesrttpeimentation and
operationalization process of radar- and future gasting algorithms. The further purpose is to avadundant work,
standardize the look and the context of new algovét and make continuous data processing as sinmglesi@ble as
possible. The system is called POLARPQLArimetric RadarAlgorithms).

Figure 3 shows a schematic overview of DWDs new-pascessing algorithm chain. Some standard radatyets like
CAPPIs or reflectivity-PPI's are directly generatatl the radar sites with the quality control avaiathere and are
visualized in NinJo (DWD visualization system). Moromplex algorithms are developed and run operatip in
POLARA.

POLARA is able to read, organize and process a hugsunt of real-time (and verification) data sirankously from all
radar sites. This is an advantage compared t@etfsel situation, because now in algorithms gajlsarvertical distribution
may be closed with data from neighboring statiofise developed algorithms in POLARA are both comiplareand
connectable. They work in general in algorithm nkaind the results are written to disk or may Il sy other algorithms
in POLARA. Each new developer benefits from theerignce of preceding algorithm developments. Utliegexisting and
consistent scheduling as well as logging and mangoof POLARA, new algorithms can easily be tramsfd from
development to operational stage. Details concgrttie technical aspect of POLARA are shown in thetrgbution of N.
Rathmann at this conference.

The quality of the input data is decisive for tlesults of automatic algorithms. In order to minienthe effects of non-
meteorological phenomena each algorithm chainssteith a quality assurance at the radar statiomeHe Doppler filter is
applied (Seltmann, 2000), cluttered raw range himsexcluded from range averaging, the data iskelteagainst diverse
thresholds and stand-alone range-averaged bindiscarded. Furthermore a monitoring is carried atuthe radar sites,
which consists of the following components:

* Monitoring of the polarimetric moments (quality fs#ts)
e Monitoring of antenna position (offset, beam squint
* Monitoring of system calibration (sun calibratialistrometer)
* Monitoring of system state
Details of this part are shown in the contributioh M. Frech at this conference. The results of thenitoring are

immediately transferred to the DWD headquarter anel directly processed in the post-processing yuabntrol of
POLARA. The legacy post-processing quality confkgngstebeck, 2010) was re-implemented in POLARAoORsIsts of a
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couple of algorithms to detect corrupt images,tehutspokes, rings and aliasing. Using the polarimelata the algorithms
are improved and extended especially for the deteaif bright band, clutter and attenuation (M. W, 2012 and M.

Werner at this conference). Together with the imfation from the on-site-monitoring a quality flagpgduct is generated. It
contains the quality information for each range aimd meta-information concerning errors affectihg tvhole data set
(Helmert et al, 2012). This enables a differentadkecision whether the pertaining range bins ofrddar data are to be
included or not for a follow-up algorithm or usepdication.

Up to now the following algorithms are implemeniedPOLARA:
» Hydrometeor classification (J. Steinert, at thiafeoence)
* Quantitative precipitation estimation (P. Trackgdat this conference)
* Mesocyclone detection and rotation tracks (T. Hesfgesck, at this conference)
» Vertical integrated liquid (VIL) and VIL track (THengstebeck, at this conference)
Presently the verification and optimization phaserngoing, which extends at least over a summemnémer period.

A great advantage of POLARA is that the output attealgorithm can be used as an input for eachr eterithm. For
instance the hydrometeor classification is an irgrtrinput for the improved quantitative precipiat estimation, the
planned cell detection algorithm and the nowcastinginter events.

The results of the individual algorithm may be dihe visualized in DWDs visualization system Ninlme et al., 2005)
or they may be used to generate radar network csitego To take into account the different user irequents for the
overlapping areas several methods for the compgsiteration are implemented (e.g.: maximum methollest distance
to the radar, value nearest to the ground or qualibre method). Currently a method to generata@nposite is
developed (see M. Mott and M. Diederich at thisfecence).

The quality controlled composites will be used untlier applications (DWD Radolan, DWD RadVor, dasaimilation)
and are visualized in NinJo.
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Figure 3: DWDs new post-processing algorithm chain
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4 Summary and Outlook

Until 2015 DWD will exchange the 16 C-Band Dopptadar systems with modern dual-polarization C-BBxgpler
radar systems. In order to ensure the operationwith small restrictions special arrangementstaken (range extension,
failover radar, temporary foreign data, and paraleration of relocated sites).

In order to use the new possibilities of the pofetric radar systems efficiently a 5-minute volusean strategy was
introduced by the end of 2012. As basis for new iamatoved algorithm development the post-processiggrithm chain
was redesigned.

In contrast to the existing stand-alone tools e post-processing algorithm chain has the follgwadvantages:
e Use POLARA as development- and run-time environnaguit for verification purposes

* Ability to read, organize and process a huge amotintal-time and verification data simultaneoustym all radar
sites

e Consistent and connectable algorithm developmeath{Eew developer benefits from the experiencered¢qiing
algorithm developments)

+ Small maintenance cost and easier transfer of ngwrithms and prototypes from development stagepterational
stage (consistent scheduling, logging and monig)rin

The actual implemented algorithms (Quality conttofdrometeor classification, quantitative precifita estimation,
Mesocyclone detection, rotation track, VIL and Miack) will be verified and optimized using obsdiwas (e.g. from
European severe weather database) or ground baseslirmments (ombrometer, present weather sensmifieBthese data
also satellite and model data are to be considerdédrther improve existing algorithms and follogithe nowcasting and
warning management. The data has to be organiziticaclly in the input data handling of POLARA. &ilh methods could
be developed, which combine different measurementgorithms. In addition it is possible to anaythe influence of
different measurements on the algorithm resultstarmbmpare the nowcasting results with independe#@surements and
observations. In this manner a nowcasting toolmbuild up step by step.
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