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MDA — Motivation Deutscher Wetterdienst
Superce” Storm Wft:lori?ld ?(Z‘ma sussl!‘na:ellra:gd

Definition Mesocyclone™:
A cyclonically rotating vortex, around 2-10 km in diameter, in a convective storm.
Mesocyclones are frequently found in conjunction with updrafts in supercells.

*see AMS Glossary of
Meteorology

/Overshooting top i e |
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=» Tornados Structure of a typical supercell storm (adapted from Wallace, Hobbs, Atmospheric Science,
2006)

Automated Meso-Warnings can give valuable hints to meteorologists in the warning service

(who usually cannot analyze all available data in real time).
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MDA — Principle

Deutscher Wetterdienst
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MDA — Principle Deutscher Wetterdienst
Rankine Comb|ned VOI'teX Wft:.ori?ld ?(Z‘ma susgl!‘na:eHr:gd

Appearance in radar (example) Tornadic Supercell Grozenhain, May 24,
2010 13:45 UTC reference time, Tornado rated F3

Azimuthal profile

o -40
35 320 325 330 35 40 5 30 355 ‘ RC — vortex signature clearly visible

azimuth [°]
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MDA - Processing ,
Deutscher Wetterdienst
Doppler Data PreprOC and Program FIOW Wetter und Klima aus einer Hand

Doppler Data Preprocessing

=» Correction of Doppler wind for DualPRF unfolding errors (Laplacian operator®)

=» Calculation of|azimuthal shear|correcting aliasing

Combine long range and  JRUELANGRINGIGICINEIR | Simulated Data:

large measurement inter- N
vall of Doppler velocities Q<_<
by means of DualPRF

Meso Vortex superimposed on uni-
directional wind field, Gaussian noise

&

ERROR if v,£v, (tolerance of 5.3 m/s exceeded) |l

A .
a | &
it

< added, DualPRF 1200/800Hz
mode Q
Laplacian FiIter, v [m/s]
For DWD Doppler scan Assumption: V.=V - A
(1200/800Hz). "~ dorive VR 1.
Vext. Nyquist = 32 M/S / — replace V, ‘f’;f;ff' C o | )
Range,,.x = 124 km by V, .= V,+n V,, Il B

'P. Joe, P. T. May: Correction of Dual PRF Velocity
Errors for Operational Doppler Weather Radars
J. Atmos. Oceanic Technol., 20, 429—-442, 2003.
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MDA - Processing
Doppler Data Preproc. and Program Flow

Deutscher Wetterdienst

Wetter und Klima aus einer Hand

Doppler Data Preprocessing

=» Correction of Doppler wind for DualPRF unfolding errors (Laplacian operator®)

=» Calculation of|azimuthal shear|correcting aliasing

Combine long range and  AAEUZ X GVI (o [e[1yTe

large measurement inter- ~
vall of Doppler velocities Q<_<
by means of DualPRF 3

mode

<<‘\,
&

(1200/800Hz): — derive V,
Vext. Nyquist = 32 M/s / — replace V,
Range . = 124 km by V, o = Vo+n Vs,

ERROR if v,£v, (tolerance of 5.3 m/s exceeded)

'P. Joe, P. T. May: Correction of Dual PRF Velocity
Errors for Operational Doppler Weather Radars
J. Atmos. Oceanic Technol., 20, 429—-442, 2003.
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MDA - Processing

D her W i
Doppler Data Preproc. and Program Flow wﬁﬂfs.,?.d%mafgfir,gmfs

Doppler Data Preprocessing

=» Correction of Doppler wind for DualPRF unfolding errors (Laplacian operator)

=» Calculation of|azimuthal shear|correcting aliasing

MDA’

=>» |Search for pattern vectors, Pattern vectors
i.e.sequences of significant, positive azimuthal shear

=> [Filter pattern vectors (momentum and shear thresholds)

*pbasic algorithm described in:

D.S. Zrnic, D.W. Burgess and L.D. Hennington

pattern
vectors

Automatic Detection of Mesocyclonic Shear with Doppler Radar
J. Atmos. Oceanic Technol., 2, 425-438, 1985.

Single sweep,
2D-plot
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MDA - Processing _
Deutscher Wetterdienst
Doppler Data PreprOC and Program FIOW Wetter und Klima aus einer Hand

Doppler Data Preprocessing

=» Correction of Doppler wind for DualPRF unfolding errors (Laplacian operator)

=» Calculation of|azimuthal shear|correcting aliasing

MDA’

Pattern vectors

=>» |Search for pattern vectors,
l.e.sequences of significant, positive azimuthal shear

=> [Filter pattern vectors (momentum and shear thresholds)

=» |Group pattern vectors to features

=>» |Filter features (no. of pattern vectors, symmetry criteria)

*pbasic algorithm described in:

D.S. Zrnic, D.W. Burgess and L.D. Hennington
Automatic Detection of Mesocyclonic Shear with Doppler Radar

) Single sweep,
J. Atmos. Oceanic Technol., 2, 425-438, 1985.

2D-plot
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MDA - Processing ,
Deutscher Wetterdienst
Doppler Data PreprOC and Program FIOW Wetter und Klima aus einer Hand

Doppler Data Preprocessing

=» Correction of Doppler wind for DualPRF unfolding errors (Laplacian operator)

=» Calculation of|azimuthal shear|correcting aliasing

MDA

Pattern vectors

=>» |Search for pattern vectors,
l.e.sequences of significant, positive azimuthal shear

=> [Filter pattern vectors (momentum and shear thresholds)

=» |Group pattern vectors to features

=>» |Filter features (no. of pattern vectors, symmetry criteria)
Group of sweeps,

=» |Group features to meso-objects Meso-Objects Ij
=» |Estimate Severity of meso-objects
3D-plot
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MDA - Processing ,
. . Deutscher Wetterdienst
Seve nty CaICU |at|0n Wetter und Klima aus einer Hand

2
Quality-of Detection / severity level

Severity-Level

Max. reflectivity [dBZ]

Avg. Reflectivity [dBZ]

Height above ground [km]

Meso-Height [km]

W VIL [kg m7]

‘\ Echo top height [km]

detections are connected with
1| very low thresholds and rather serve for
development/tuning purposes

. — —

Wi, | * VIL density = VIL / Echo top height

"\ Riebosr—————F

=
=
s
>
>
>
>
T Fe————

Tunlng still in progress !
Later MDA-version will contain
additional thresholds for shear
and momentum for levels 4 + 5
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All Doppler wind plots in this section show data with applied dualPRF
unfolding error correction
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Supercell GroRenhain
Tornado rated F3, May 24, 2010 CoUIScher otiordiens

Wetter und Klima aus einer Hand

or N
€49 ] conweiochose evel  Mehr.. | [ Karte | Satelit [ Earh
=
J
¢ e \Well developed
:rsleal / VUit
Mittlere Elbe i enberg i 2,
|Bfun‘ Nienburg B 10 oW pahme/ Burg HOOk EChO Z dBZ
O Jale) Aken (Elbe) 1 2 1 5 UT C 187 \ Mark 102 Luckau g 15 | (Spreewal
\ ) 1Schol i Eiohl _ 10°
187a o Elster (Eloe) ;’g;::"; \ DENECe o Heideblick Vetschau/ Ew - T ™
n ‘Bg rg 185 Kathen o 187 1A 87 % [m Spreewald H
L sup (Anhalt) 107 5 e 15 120 I
(14 Wi [ Grafenhainichen - ), S 101 e Crniig (13 | : "
f-‘ P Raguhn™ Zschornewitz 2 schmiedeberg YAy o a7b Sonnewalde \
- Ry It 183 m 184 100 § Herfberg) T 96 ‘- *
CODY By [ M~ Elster Vo S5 Altdobern Or
Zorbig u Bitterfeld 1 v S Doberlug-Kirchhain _ gjnsterwalde | *
stedt '33 W2 \ Falkenberg/
| 100 182 Schonborn ! »
) B dD(b Elster
Yigtin " Gotschetal Ry ] BRdLEReN 183 - /? Grofréschen Welzd
Ny =T Bl s 183a 183 R Ruckersdorf Y 156 26 |
ben ) L LauRig Torgau " 183 Rad | P
) \ andsberg 4 . Lieb ia . 3 » |
rstadt Halle ' Delitzsch 2 Mockrehna . Liebenwerda senﬂenberg ” e - w |
(Saale) _f‘ Doberschitz i h I bedf g L.auchhammer e
T w | 6 ) Eilenburg Belger, < ElsteNterda 169 | Schwarzheide! Rahiand Slauta 2 : : »
sl _ P \ : Thallwitz q & » -
£\ abelsketal - [T~ Rackwiz M@ s Hoy ; 0
AN ; L Schkopau Sﬁhkeuditz_ .:,,.mTaucm i Falkenhain rod\z ) 1 3 : 30 UTC (3] — 310 315 320 325 330 335 340 ;:‘.:um[:;‘:e N
| Merseburg U 5 Wurzen Qahien Strehla T
Lauchstadt L 6 Ty
481 Leipzig 1. Brandis Zeithain o1 1 Biosphérenreservat Oberlausitz
Macheln Geysa Bad), 4/~ o o 2 P ree N 6 { 2t Oberlausitzer :
(Geiseltal) Dunenbevg‘. i stéd T Herilbs - 98 98, Heide- und Teichl Seve rit
o) arkranstadt N ermsdol Oschatz Nanchg i
Braunsbedia | i Markkleeberu , osnal Konigsbig  Kamenz GroRdubrau y
S hain- e 5
o anwuenm = rQESem ain Prestevts BN BN | oo

(Unstrut)

WeiRenfels " Zwenkau Bohlen Ostrau Radeburg | e WeiRenberg =
Naumburg / 7 o Niederau Qnendgn’-Oknu_a LD n Bau%g e C0|0r-
87| Hohenmolsen 7 Groitzsch 95 & Leisnig™ e 169 MeiRel N
(Saale) f 76 Bad Lausick = = inbohla M°m“’9‘ e » G"’Gf ’300" Ma| C d 1 .
Sogosen” 102 | % ) Boma 107178 176} C00el, Co deb | 4Raded w C Oeis % oding.
== e S Hartha e adebeu lebe
, 88 ‘ el el el 3 mﬁ&ssen Kl-pphausen GI’ ha[téu Lobau |
mburgZA Ay Zei SACIaue *=1Frohburg Rochiitz Waldheim i D | o317 Neusiadt 2d
Schkolen eitz G 7 RoBwein K3 er Spree
saleplatte | iy YA 180 Meuselwitz ip. 160 v = 4 | Wisaruf i nSachsen Ebersbach/
Heideland? ) LA e Bn Freital ™ 2 Sluknov ™y Sachsen 178
—_ 2 Y, N i = Mittweida g istal o 73 NO‘“d B‘I::ann t /u,,ﬁ,vem "§eh e Ebersbach  Eibau O L ev el 2
G, fross O
Google maps showing region of Germany near Dresden, sbracke BLEGS A S e Level 3
Freiberg '3‘*""@"'PV @ 172 s Vams«gm
_ retrieved on Oct 08, 2010 from website http //maps google.de ju s
= s oda B»u Ronneburg_ Meerane lebach Oberfrohna Chemm t2 e Brand-Erbisdorf Glashatte , 1 4:45 UTC

S : 2 \ -
- 92 En 4 Augustusburg .
| T0Melein  lim c"’"’""“‘""” * lageay p + = LIS Fravenstein | 479 (17 ] ;/‘v@ﬂn Goqgls. - Karend@eTeBEi10 PRAK, Tele Atlas

6th European Conference on Severe Storms (ECSS 2011), 3 - 7 October 2011, Palma de Mallorca, Balearic Islands, Spain %



Supercell GroRenhain

Tornado rated F3, May 24, 2010

Deutscher Wetterdienst (&
Wetter und Klima aus einer Hand
Radar Dresden, 2010-05-24 13:30 UTC, Elevation 6.5°
Doppler Wind

Mesocyclonic signatures detected in 12 sweeps (Elevations 1.5°, 2.5°, 4.5-11°,15-19°)
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Supercell GroRenhain

Tornado rated F3, May 24, 2010

Deutscher Wetterdienst (&
Wetter und Klima aus einer Hand
Radar Dresden, 2010-05-24 13:30 UTC, Elevation 6.5°
Reflectivity

Mesocyclonic signatures detected in 12 sweeps (Elevations 1.5°, 2.5°, 4.5-11°,15-19°)
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Supercell Sautorn, Bavaria

Deutscher Wetterdienst
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Supercell Sautorn, Bavaria
Tornado rated F2, July 13, 2011 Deutscher Wetterdienst {

Wetter und Klima aus einer Hand

Radar Munich, 2011-07-13 16:15 UTC, Elevation 0.5°
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Supercell Sautorn, Bavaria
Tornado rated F2, July 13, 2011 Deutscher Wetterdienst {

Wetter und Klima aus einer Hand

Radar Munich, 2011-07-13 16:15 UTC, Elevation 0.5°
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MDA - verified detections 2011

Deutscher Wetterdienst

Wetter und Klima aus einer Hand

# date Region Comment

1 2011-05-31 | Brandenburg Supercell mesocyclone

2 2011-06-06 | Allgau, Nordeifel Supercell mesocyclone

3 | 2011-06-16 | Central Franconia, Passau Supercell mesocyclone

4 | 2011-06-22 | Alps (Rosenheim) Supercell mesocyclone

5 | 2011-07-12 | Baden-Wurttemberg Supercell mesocyclone

6 | 2011-07-13 | East from Munich to Bavarian Forest Supercell mesocyclone, F2 tornado at Sautorn

7 | 2011-07-19 | Munich Supercell mesocyclone

8 | 2011-08-14 | Bavaria, Danube Supercell mesocyclone

9 | 2011-08-18 | North Rhine-Westphalia Mesocyclone at southern end of squall line

10 | 2011-08-24 | Central Hesse, Supercell in Hesse (hail & 4cm),
Berlin splitting supercell close to Berlin

11 | 2011-09-02 | South of Stuttgart Supercell mesocyclone

12 | 2011-09-04 | Ravensburg HP-supercell (hail & 4 cm, 100 mm

precipitation)

13 | 2011-09-11 | Harz Mountains (Elsnigk, Bernburg), Several supercells, F2 tornado at Bernburg

Wiurzburg, Kassel, Eberswalde
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Outlook Deutscher Wetterdienst

Wetter und Klima aus einer Hand

RADSYS-E (exchange of DWD radar network 2010-14: modern dual-polarized C-band

Doppler radars, 17 operational systems)

=> Better quality of Doppler data from new radar systems expected (less noise)

=» Usage of new products for better severity estimation (e.g. hydrometeor classification —
identification of hail core)

Change of scan-strategy

=» Higher temporal and range resolution (— better tracking)
= Use unfiltered data ar_1d Sl_JppIy threshold parameters (e.g. SQI) for special application based

Further development

= Extension of KONRAD (SCIT ) to KONRAD3D, linking of
MDA to cell detection

=» Consideration of near Storm environment (shear, CAPE
from model)

-> Ca_lculation of Ro_t_ation tracks (see NSSL*) as further
*T. W.Jgﬂﬂﬁ, FP@H.%MB%:%HQ%@%%%BEHP PRrivatives to max. shear accumulated over

Diagnose Rotation and Divergence, 11th Conference on Aviation, Range, -0y,
and Aerospace Meteorology -100 50

-50
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Outlook Deutscher Wetterdienst

Wetter und Klima aus einer Hand

Supercell Grol3enhain, Radar Dresden, 24 May, 2010, 12:15 UTC — 14:45 UTC

| D VA 17 (=1 VOL_10488_17_20100524_1215 Maximum shear in column

[zapr] Ananoajyal

270

Reflectivity [dBZ], elevation 0.5°

Thank you for
your attention! sccumisod

max. shear
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