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Outline

Advantagesof UsingWeather Radar inMeteorology
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Advantage®f WeatherRadar

Advantagesof Weather Radars

Sl
e e

A highspatialandtemporalresolution

A up to far ranges/ networks

A 3Dinformation of precipiation(horizontalandvertical) + time
A maindatasourcefor nowcasting

A detectionof
A clouddropletsand precipitation
A large/smallscaleprecipiation systems
A dangeroussubscalémesocalephenomenalevenembeded |
A intensity of precipiationandthunderstorms
A developmentof precipitationsystems
A movementof precipitationsystems
A Dopplervelocity (e.g.clutter filter, gustfronts, wind sheal)
A Cloudmicro physics

typicallyusedfor detection and nowcastingof deepconvectiort 6 dzi X @
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Advantage®f WeatherRadar

Winter Weatherand Aviation

Safety and EconimicdAspects
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Advantage®f WeatherRadar

Winter Weatherand Aviation

Thetype of winter weather affecting S —_—

negatively to airporbperation _ _ N
Useful lead time for warning of critical

weather for ATM/Airport maintenance
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Heavy snowfall

Moderate snowfall
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Freezing rain/drizzle
Low visibility
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High relative humidty
Temperature below
Rapid thaw

Wind speed above
Other 1

Other 2

Other 2 .
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Advantage®f WeatherRadar

Structuresand movement
of largeand smallscaleprecipitation systems

02:10UTC

- 02:15UTC

Motion Field

- et

EumetnetfOPERA

ColdFront 201903172.3:00 UTC Winter storm 20181224 (thunderstorms
wind-shear gusts50 kt)
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Advantage®f WeatherRadar/ WeatherRadarmDetectionof Snow / WinteWeatherRadarlLimitations/ Winter WeatherRadarApplicatiorNowcasting

MesocaleStructures austro

21.Jan 2021 EmbededVesocaleSubStructuresn Winter Fronts 9\| | ‘

i e & 1) 218 x 33 3
numbersindicateSYNOP winspeedinkt _Valuestypicaltior snow

leadingintensefront line accompaniedy trailing statiform winter precipitation
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Advantage®f WeatherRadar

MesocaleStructuresin Winter Fronts austro

CONTROL

4th Feb. 2020 winghift alongfine line

30 -5

numbersindicateSYNORustsin kt
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Advantage®f WeatherRadar

Nowcasting(snowfall visiblity) Gl

usingthe weatherradarin winter squallline

Viewfrom Tower Viennairport Temperturg,; +9°C
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Advantage®f WeatherRadar

Nowcasting(snowfall visiblity)
usingthe weatherradarin winter squallline

Viewfrom Tower Viennairport

15:09UTC

snowfall
drop of visibility

er Weather EuMeTrain Snow il



Advantage®f WeatherRadar

Intensity / Timing of Snowfall austro

{ CONTROL }

duringsnowfall

R .

F

25. Jan. 2021 Izburg Airpc

after
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Advantage®f WeatherRadar

- IntenS|ty/ Timing of Snowfall
e i 25h Jan 2021
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Intensity / Timing of Snowfall aug{lggm
25. Jan. 2021 Salzburg Airport
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Advantage®f WeatherRadar

Winter Precipitation Systems , d

A lower (neg.)temperaturesiblesshumidity
A neg.temperaturesibice Mlower dielectricconstant

A shallowheight(low toppedd radaybeamovershooting

weakerradarsignalgan
winter precipitation!
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Advantage®f WeatherRadar/ WeatherRadarmDetectionof Snow / WinteWeatherRadarlLimitations/ Winter WeatherRadarApplicatiorNowcasting

Winter Precipitation¢ Tops of Snowfall
h
25" Jan. 2021 Salzburg Airport S {/

o |
moum
11800m

A low topped o

W MAX_FEL_FZH

below4500mamsi
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I'I Th\c annotaton 6! route

Tene at st powt |25.03.2021 15:30

Tovie at last pont |25.01.2021 15:3D
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Advantage®f WeatherRadar

Winter Precipitation¢ Topsof Snowfall
250 Jan. 2021 Salzburg Airport -

CONTROL

Radar [ AT extended - ETOP: 2021-01-25T15:30:00Z | JaT extended - £T0P: 2021-01-25715:30:002 e \:—.'
Echo Tep EHelght oh
. .from RadarReflectivity(12dBZ) =}
‘ o TR : ) e
R N R e FL130
icingpci)tenti;i"
2 -25 OC x
XO
in Flight Level hft
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Outline

Advantage®f UsingWeatherRadar irMeteorology

Weather RadarDetectionof Snow

Weather Radar and Winter Weather EuMeTrain Snow Event Week, 9.Feb.2021R. Kaltenboeck
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WeatherRadarDetectionof Snow

Principleof Weather Radar
Sl
_ e e
ReturnedPower: ----._ . larget Properties
) \ s Ay p dielgctricconstant
L () O==q._ An ® dfor witer difference
‘ A0.197for ice factor5

.
radarproperties expressed
as radarconstant C
v
rangedependency—

RadarReflectivity.

AzX

f Argbi& leflddtivity factor
Ae DiameteP x drop size

distribution

A6

&

A cequivalentt  RalaSsumptiongRayleighhomogenouseam
filling, liguidandwe R 2 yk8éw the drop sizedistribution)

A Logscaleto avoidseveralordersof magnitude Zu=10log;o(z/1mm°m™)
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WeatherRadarDetectionof Snow

Principleof Weather Radar 53

'.,.r P T
'Y .

RadarReflectivity.

L

A © .. EUMETNET OPE

_ Database = -
A shorterwavelength->smallerdrops sizes can tietected

A Gbandisagoodcompromisewith detectionefficiency attenuationandcosts
A 164operational Gbandradarsfor Europe inrOPERAatabase

A 8 Diametef

A smallincreaseindropsiZR A YSUSNI MaadNBy 3 Ay
reflectivity

A Large drops results in high reflectivitiput less total water mass
as many small drops causing same returned power

A E.g. equivalent reflectivity values:

1 dropwith diameter 3.0mm o I3 o
730drops with diameter 1.0mm I
46700drops with diameter 0.5mm ® T
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WeatherRadarDetectionof Snow

Reflectivity of Snowflakes |

A multiple habitsin radarvolume
A Snowflakesbecomelarge (cm)
A icecrystalssmaller(mm)
A irregularshapéorientation

A snowflakesc lesswater content/air inside
A growth ¢ aggregatiorg riming processes
A errorsfor snowdetectionlargerthan for liquid rain
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WeatherRadarDetectionof Snow

Principleof Weather Radar T
Radar Moments: G |
o e
A Reflectivity Intensity

A (horizontal vertica) ZH, ZV

A Radial Dopplevelocity VH
A includingSpectraWidth WH

A PolarizedMloments

A usingthe horizontalandvertical EMwavesimultaneously

A DifferenetialReﬂectivityZDR:,Z—ZV Qua”ty,A’[tenua’[ionCorrection
A Cros<LCorrelationCoefficientRHOHV QuantitativePrecipitation
A (specifig Differential Phase (KDP) PHIDpdrometeorClassification

A Depolarisation (lineaor circula

Wind, SheayTurbulence Quality

e

TRANSMIT

tal Pulse
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WeatherRadarDetectionof Snow

Quantitative Precipitation Estimation

.y
o e

Z-RRelationship

empricalrelationshipto estimaterainfallrate (surfacg from radarreflectivity Z=aR
water equivalent

Z=200R% X widley used Marshall/PalmeStratirom ZR

other Examples
A 1T mo n w@oldSeasor (EasStratiformZ-R
A Z=300R4X ! { { DREPCEnSction
A 7=256R42... DWD
A Z=316R5X Meteo Swiss

A Improvements
A reaHime radarrain-gaugemerging
A usingadditionalpolarizedmoments

Z-SRelationship

empricalrelationshipto estimatesnowfall rate (surfacg from radarreflectivity
equivalentrain rate

E.9..Z=106X Cal

Improvementsdueto dual pol

To To o Do

To Io Do Do
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WeatherRadarDetectionof Snow

RadarGeometry

G |
e e

Radar Beam Propagati@amd ScanStrategy

Knowyour:

- Scangeometry

- RadarCoverage

- Lowestilt ¢ heightaboveground

- Topography
- Blocking
- deadzonesbelowradarhorizont
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WeatherRadarDetectionof Snow

Jll

Weather RadarCoverage Austria gmmfl ro

fCONTROLT_

Winter Summer

rangedependentdecrease

highervalue B

4 month 3 month
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Outline

Advantage®f UsingWeatherRadar irMeteorology

WeatherRadarDetectionof Snow

Weather RadarLimitations of ColdWinter Weather

Weather Radar and Winter Weather EuMeTrain Snow Event Week, 9.Feb.2021R. Kaltenboeck
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unfiltered reflectivity in dBZ

Winter WeatherRadarLimitations

Sensitivity
Howfar canwe seesnowby usingweatherradars? G |
& e

A dependsfrom snowintensityandsize
A dependsfrom weatherradar (wavelength antennasize peakpower, scanstrategy. X

RAU-TH, EL: 1.80, 20201201094000 - 20201215065500, (used files: 1269)

60| /

\

I Ao .. .
w Miﬂm L more sensitivecloseto the radarsite
[‘ MW' H?lw‘u daaiang.

__rangedependencyl/r?

=175 ' -3.0 4,0 8/0

-20 |
0 ' ' ' — s0 ' ' — 100 ' ' 150 ' ' 200
range in k
3 but loweringthe detectionefficiencydueto:

A overshootingadarbeamc shallowwinter storm
A ice hassmallerdielectricconstant(factor 5)
A lesshumityin cold environment

in 150 kndistancethe radaris ableto detect+8.0dBZ
X W/eako Y 2 R S Ndlouds modeératesnowfall
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Winter WeatherRadarLimitations

AnomalousRadar Beam Propagation

winter - strongtemperatureinversion(T, rh)

Sub-Refraction | | i

less stable atmosphere

Standarg
Atmospheric
LaPSe Rate

Weather Radar and Winter Weather EuMeTrain Snow Event Week, 9.Feb.2021R.Kaltenboeck
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Advaniagest WeatherRadar /WeatherRadabetectionol Snow [ Winter WeatherRadarlimitations ! \VVinter WeatherzadaripplicatonNoweasing

AnomalousRadar Beam Propagation austro

CONTROL

24haccumulatedradarprecipitationin mm for 1st Jan. 2021

35
AT extended - 24h accumulated rainfall: 2020-01-02T00:00:002
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Winter WeatherRadarLimitations

OverhangingPrecipitation austro

| g

low topped shallowwinter precipitationwill:

A not detectedat far ranges
A intermediaterangewith partial beamfilling /reduceddetecion

A closeto the radardetected

detected

< e > » nhodetection

'
< Ll |

detected  partial beanfilling
100% reducedreflectivity
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Winter WeatherRadarLimitations

OverhangingPrecipitation e
moderate snowfallin Innsbruckwithout radar5|gnal

. L . S !
veryshallowwinter precipitationbelow radarhorizont e e
(mountainweatherradarsite at 2300 mms|)

firchive Product selection VYiews Messages Setup Lightnings Tawee iabehment feea Help

Display

0
0 ft
0 ft
Ot

L o
i
O |
|

no refectvity i
below12dBZ

(

[

X

,J
(
-~

(e

z\
1\\
(_ = i

lowestelevatio
0.5deg

IIII|IIII|1I|I|III)|IIII

“ No Alarm Set |3J !J
Status: Ready / WR Austria - Composite / Zoom 29 Feb 2004 - 21:55
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Winter WeatherRadarLimitations

BeamCharacteristics austro

| CONTROL |

Heightof lowestradarscan

97, ZIR20191112 1325

?W” il l‘“‘lm‘“ll |i'ii;uw rH
”| S‘HW ¥ [ |

'
NI/
| |

|
Wl !' ) i }
3,.' i | It ‘ |
il | | ‘
2

lowestelevationangle = 0.Xeg
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Winter WeatherRadarLimitations

BeamCharacteristics austro

[ CONTROL

Fzt SGSt sl mdnn Vil

DBZH, AZ 97, ZIR20191112 1330

L g |
pr 5

0 ? 100 150 200

GrazLOWGmainlobe decendsrom 2.5kmto 1.5kmheight
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Winter WeatherRadarLimitations

BeamCharacteristics austro

" CONTROL |

LowestScan Elevation:
0.1deg

2015 13:40, PP1 0.10° B8

R

flectivity TH ,12.11.2019 13:
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Winter WeatherRadarLimitations

Data ProcessingQuality Control austro

{ CONTROL

13.8 218 29.8 378 45.8 3 ‘ 7 13.8 218 29.8 378 45.8 57.8] -3 13.8 218 29.8 378 45.8

unfiltered reflectivity clutter filtered reflectivity RLANilter applied

RLANdisturbancesstill present
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Advaniagest WeatherRadar /WeatherRadabetectionol Snow [ Winter WeatherRadarlimitations ! \VVinter WeatherzadaripplicatonNoweasing

SpuriousEchoes austro

no SnowandRainShowers affectinglowestelevations \M/

wherewinter precipiationoccurs

< \ : |
chet: 24,11 2016 0255 ‘ |‘ T z\.

Echoesausedoy wind farmsin the souroundingof Vienna Internat. Airport
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Winter WeatherRadarLimitations

Data Thresholding

Graz( h 2 D umoderatesnowfallobserved =

Dieplay Archive ProducteelecHon Views Messages Setup Lishininge Tawes

CONTROL

Dieplay Archive FProduct pelection Views Mespages Setup Lightninge Tawes  {afohimesnd Sied

Klagenfurt
O

Laibach
]

] 7 = T
oo TIMEQUT ***** || No Alarm Set |« p| | || No Alarm Set |« »|
Status: Ready /! WR2D Austria - Zirbitzkogel 21Jan 2010 - 15:10 #|  Status: Ready / WR2D Zitbitzkogel - 32 Levels 21Jan 2010 - 15:10 7|

no valuesbelow 12 dBZvisualized
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Advaniagest WeatherRadar /WeatherRadabetectionol Snow [ Winter WeatherRadarlimitations ! \VVinter WeatherzadaripplicatonNoweasing

Data Thresholding austro

CONTROL

SnowfallSalzburg
25.1.2021 19:30 UTC
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Bright band

1) whensnowfalls inareaswherethe temperatureis above0°C

2) resultsin largespongyspheres

Winter WeatherRadarLimitations

3) melting snowflakesare largebright radartargets
4) bright reflectivity layeris formedjust below 0°C

neg.Temperatures Snow %
Dielectricity 0.2 * % x % }_’
Large Drop @

oc F Kk ok %
Dielectricity 0.93  snowwith /@ @ @ Bright
Large Drop & water coated ®® @ @ Band
Dielectricity 0.93 o . o ° .
Small Drop )] pos.Temperatures o © ©® ®
Rain ®
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A
‘ smaller snowflakes

(colder, less humid)

uolbay a9|

lager snowflakes

|

Melti@

smaller rain drops

uolbay urey

Reflectivity

typicalradarreflectivity
verticalprofile
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Winter WeatherRadarLimitations

Bright bandin standardreflectivity products fa_ustm

{ CONTROL }

q N

2nd Feb 2021 15 27UTC

i
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i
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mluuﬂuh

[ofonddll e[|y

I"lﬂ."

Icingconditionsabove

o
l.j E:--
' i

[Top View: Maximum |8 i

Side Views: Maximum

line in crosssection
Freezindayer detection

il

% .............1. bright bandas
i
i

brightbandasan
areaof enhancedeflectivity

u|uf®hufi
I
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m@q
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Weather Radar and Winter Weather EuMeTrain Snow Event Week, 9.Feb.2021R.Kaltenboeck 44




Winter WeatherRadarLimitations

Bright bandin standardreflectivity products

2nd Feb. 2021 Sl

24haccumulatedorecipitation radaruncorrectedg rain gauge(Austria)

20210202 24h acc. precipitation CAPPImax OS-ext - TAWES
7 g

largesterrorscloseto radarsite
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® ©
neg. pos. Imm . .
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hugeerror in quantitativeprecipitationestimation
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Winter WeatherRadarLimitations

Radar Rain Gaugedjustment
Dual Pol e.gdydrometeoclassification
VerticalProfil Correction

WAtA FEL: moment:ZF[DBZ) and elevation0.74028° hite W WHR FEL: moment:ZF[DBZ], elevation:0 7to28° vert profile at: -20km range FEL: BB car rhi {w-e} for moment ZFIDBE] and elevation:0 Pto23®
T T 14 H .
12 |- 0 T e TP S l :
e COPE i
'k : : : CLASS - 3.2deg
50 | : :
1o l \ i
40 10 | : : S
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sk 30 ] :\ )
- — _ & ‘
£ 1 :
= a =, £ :

g “ z z | © ok qeo
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£ 15 = = ' :

= : 10 < I . : 0
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Winter WeatherRadarLimitations

Bright Band in duapolarizedmoments

austro

I

& conTRoL
90° vertical scanand quasiverticalscansA® and 15° G |
Rhohv ZDR VH T11010 3UTC
- 4 t .t
— 15| ¢ , 6 S.oundlpg
: - 90 i Linz
) 5 snow 5
.7-{“:0
%
g w90
p = £
" .4 s
‘.: 3 3
; ifirain .
£
0.95 1.00 0.00 0.75 1.50
dB%. .
Reflectivity

-6 -4 -2 0 -20-15-10-5 0 5
. . dB, . . G
crosscorrelation Differential Refl. Dopmﬁfenelouty Temperature |

Radar Feldkirche®3.Dec 2012
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Winter WeatherRadarLimitations

Bright Band in duapolarizedmoments | austro

{ CONTROL |

Bright band is embedded in stratiform rain in PPI image with elevation 6.8° from
WXR RAU, 18" June 2011 2358 UTC. From left to right, panels show horizontal
reflectivity Z,,, differential reflectivity Zy, and cross correlation coeff. } .
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Winter WeatherRadarLimitations

Radomeinfluences

0S-ext,, acc, mmy12zh, 20201208-180000-202012

Wet snowaffectedre Riat 2300mms|
12h precipitationac

09-060000

ZIRbitzkoge2300 m

2. {({

el e
ra 2
longlastingFreezingRaing SE Flow, 23.Dec 2012 (RAU) D .b ! ot

DOIM L
e v r —

PPI 1.8Reflectivityand Differential Reflectivy nhttps:/idoi‘erg/10.1127/metz/2016/0807
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Winter WeatherRadarLimitations

ElevatedEchoesCloud /Precipitationaloft au%{ﬁQROL
5t Feb.2021 Linz Airport (LOWL) ,,

-~ attenuatedbackscatter

BEEEREEEEER

Z,CAPPtrosssection
alongflow direction —»

2Ly
-
DL

‘\
|

no reflectivity at 1o

On
H4EL8 5014138 N&B32 ED1S41
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Outline

Advantage®f UsingWeatherRadar irMeteorology

WeatherRadarDetectionof Snow

WeatherRadarLimitationsof ColdWinter Weather

Weather RadarRelatedWinter NowcastingApplicationfor
AeronauticalMeteorology

Weather Radar and Winter Weather EuMeTrain Snow Event Week, 9.Feb.2021R. Kaltenboeck
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Winter WeatherRadarApplicationrNowcasting

Weather Radarfor Winter Nowcasting wu 0

{ CONTROL }

Acw9o/ X ybdreltioh y 3

A PystepsX generationof ensembles

A Blendingtrackinginto model

1) STEPS: ~ s
1 -
| o

......
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Winter WeatherRadarApplicationrNowcasting

Weather Radar Data Assimilation

INCA Precip. Analysis [mm] 20210115 16 UTC, 03 h sum

. ——
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Winter WeatherRadarApplicatiorNowcasting

Quantitative Precipitation Estimation
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