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weatherradarandsnowfrom an operational perspective



Outline

Advantages of UsingWeatherRadar in Meteorology
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Advantages of WeatherRadars

Å high spatialandtemporal resolution

Å up to far ranges/networks

Å 3D information of precipiation(horizontal andvertical) + time

Åmaindatasourcefor nowcasting

Å detectionof
Áclouddropletsandprecipitation
Álarge/smallscaleprecipiation systems
Ádangeroussubscale/mesocalephenomena(evenembeded)
Áintensityof precipiationandthunderstorms
Ádevelopmentof precipitationsystems
Ámovementof precipitationsystems
ÁDoppler velocity(e.g. clutter filter, gustfronts, wind shear)
ÁCloud microphysics
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Advantages of WeatherRadar  /  WeatherRadar Detectionof Snow  /  Winter WeatherRadar Limitations /  Winter WeatherRadar Application-Nowcasting

Ҧ typicallyusedfor detection andnowcastingof deepconvectionΣ ōǳǘ ΧΦ 



Winter WeatherandAviation
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© O.Russ

Snow

Sleet 

IcingLow Visibility/ Ceiling

Freezing Rain

Ҧ ŀƭƭ thesephenomenacanbe detectedby weatherradars

© R.Kaltenboeck

© R.Kaltenboeck © R.Kaltenboeck

© R.Kaltenboeck

Safety andEconimicAspects

Wind Shear / Tunderstorm/ Lightning

Snow

due to precipitation
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Winter WeatherandAviation
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The type of winter weather affecting 
negatively to airport operation

Useful lead time for warning of critical 
weather for ATM/Airport maintenance 
group

http://pnowwa.fmi.fi
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Structuresandmovement
of large andsmallscaleprecipitation systems
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Advantages of WeatherRadar  /  WeatherRadar Detectionof Snow  /  Winter WeatherRadar Limitations /  Winter WeatherRadar Application-Nowcasting

ColdFront 20190317 13:00 UTC

Motion Field

Eumetnet/OPERA

Winter storm20181224 (+ thunderstorms, 
wind-shear, gusts50 kt)

02:05UTC

02:10UTC

02:15UTC



MesocaleStructures
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prefrontal
convective

postfrontal
convective

postfrontal
stratiform

numbersindicateSYNOP wind speedin kt

21.Jan 2021 

leadingintensefront line accompaniedby trailing statiform winter precipitation

EmbededMesocaleSub-Structuresin Winter Fronts

valuestypicalfor snow
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MesocaleStructuresin Winter Fronts
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4th Feb. 2020, wind shift alongfine line

numbersindicateSYNOP gustsin kt
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Nowcasting(snowfall, visiblity)
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View from Tower Vienna airport

10

14:21UTC

© R. Kaltenböck

14:37UTC
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Temperture2m: +9 °C

© R. Kaltenböck

usingthe weatherradarin winter squallline



Nowcasting(snowfall, visiblity)

usingthe weatherradarin winter squallline
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View from Tower Vienna airport

14:50UTC 15:09UTC

snowfall
drop of visibility
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Intensity / Timing of Snowfall
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25. Jan. 2021   Salzburg Airport

before

duringsnowfall

after
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Intensity / Timing of Snowfall

Weather Radar and Winter Weather- EuMeTrain Snow Event Week, 9.Feb.2021         R. Kaltenboeck 13

14:20-16:50

19:00-21:30

Strong SnowfallΧΦΦ wŀŘŀǊ Reflectivity> 34 dBZ

25th Jan. 2021
Salzburg Airport

0 cm

20 cm

sn
o
w

h
e

ig
h

t

12UTC 22UTC
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Intensity / Timing of Snowfall
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14:25 15:15 16:40

14:40                                          15:10                                                 15:20

25. Jan. 2021   Salzburg Airport

>34dBZ

360° viewfrom tower



Winter PrecipitationSystems

Å lower (neg.) temperaturesҦ lesshumidity

Åneg. temperaturesҦ iceҦ lower dielectricconstant

Åshallowheight(low toppedύ  Ҧ radarbeam overshooting
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weakerradarsignalsin 
winter precipitation!
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Winter PrecipitationςTops  of Snowfall
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25th Jan. 2021   Salzburg Airport

Å low topped

below4500m amsl
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Winter PrecipitationςTops of Snowfall
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25th Jan. 2021   Salzburg Airport

Echo Top Height
from Radar Reflectivity(12dBZ)

н   о   п    р  ƪƳ  ΧΦ height
in Flight Level / hft

FL130

-25 °C

icingpotential 
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Advantages of UsingWeatherRadar in Meteorology

WeatherRadar Detectionof Snow
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Principleof WeatherRadar
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ReturnedPower: 

ὖ ὶ ὅ
ȿȿ
ᾀ

Radar Reflectivity:

Åαequivalentά ŘǳŜ to assumptions(Rayleigh, homogenousbeam 
filling, liquid andweŘƻƴΨǘknowthe drop sizedistribution) 

Å Log scaleto avoidseveralordersof magnitude

Target Properties:

ÅμYμч Χ dielectricconstant
ÅлΦфо Χ for water
Å0.197 for ice

ÅzΧ ƭƛƴŜŀǊ radarreflectivity factor

ÅᶿDiameter6Χ drop size

distribution

Åᶿ

radar properties expressed 
as radar constant C

rangedependency

difference: 
factor 5 
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Principleof WeatherRadar
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Radar Reflectivity: 

Å ᶿ

Å shorter wavelength -> smaller drops sizes can be detected

Å C-band isa goodcompromisewith detectionefficiency, attenuationandcosts

Å 164 operational C-band radars for Europe in OPERA database

Å ᶿDiameter6 

Å small increase in drop size ŘƛŀƳŜǘŜǊ ҦǎǘǊƻƴƎ ƛƴŎǊŜŀǎŜ ƛƴ 
reflectivity

Å Large drops results in high reflectivity - but less total water mass 
as many small drops causing same returned power  

Å E.g. equivalent reflectivity values:

1 drop with diameter 3.0mm 

730 drops with diameter 1.0mm

46700 drops with diameter 0.5mm 
=

EUMETNET OPERA 
Database
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Reflectivityof Snowflakes

Åmultiple habitsin radarvolume
Å Snow flakesbecomelarge (cm)

Å icecrystalssmaller(mm)

Å irregularshape/orientation

Å snowflakesςlesswater content /air inside

Å growthςaggregationςrimingprocesses

Å errorsfor snowdetectionlarger than for liquid rain 
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Principleof WeatherRadar

Å Reflectivity
Å (horizontal, vertical) ZH, ZV

Å Radial Doppler Velocity VH
Å includingSpectralWidth WH

Å PolarizedMoments 
Å usingthe horizontal andverticalEM wavesimultaneously

Å DifferenetialReflectivityZDR=ZH-ZV 

Å Cross CorrelationCoefficientRHOHV

Å (specific) Differential Phase (KDP) PHIDP

Å Depolarisation (linear or circular)
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NOAA: https://www.weather.gov/bmx/radar_dualpol

Radar Moments:

Intensity

Wind, Shear, Turbulence, Quality

Quality, AttenuationCorrection,
Quantitative Precipitation, 
Hydrometeor-Classification
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Quantitative PrecipitationEstimation

Z-R Relationship: 

Å empricalrelationshipto estimaterainfall rate (surface) from radarreflectivity Z=aRb

Å water equivalent

Å Z=200R1.6Χ  widley used Marshall/Palmer Stratirom Z-R 

Å other Examples:
Å ½Ґмолwч Χ ¦{ ColdSeason (East) StratiformZ-R
Å Z=300R1.4Χ ¦{ {ǳƳƳŜǊ DeepConvection
Å Z=256R1.42 ... DWD
Å Z=316R1.5 Χ Meteo Swiss

Å Improvements:
Å real-time radar-rain-gauge merging
Å usingadditional polarizedmoments

Z-S Relationship: 

Å empricalrelationshipto estimatesnowfall rate (surface) from radarreflectivity

Å equivalentrain rate

Å E.g.: Z=100S2 Χ CaL

Å Improvementsdue to dual pol
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Radar Geometry
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Radar Beam Propagation andScan Strategy

Knowyour:

- Scan geometry

- Radar Coverage

- Lowes tilt ςheightaboveground

- Topography
- Blocking

- deadzonesbelowradarhorizont
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WeatherRadar Coverage- Austria
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Winter Summer

4 month 3 month

rangedependentdecrease

blocking
highervalues

mm
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Advantages of UsingWeatherRadar in Meteorology

WeatherRadar Detectionof Snow

WeatherRadar Limitationsof ColdWinter Weather
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Sensitivity

Howfar canwe seesnowby usingweatherradars?

Å dependsfrom snowintensityandsize

Å dependsfrom weatherradar(wavelength, antennasize, peakpower, scanstrategyΣΧύ
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in  50 km distancethe radarisableto detect -3.0 dBZ
Χ veryweak ΧΦclouds, veryweaksnowfall

in  150 km distancethe radarisableto detect+8.0 dBZ
ΧΦ WeakόƳƻŘŜǊŀǘŜύΧΦ clouds, moderate snowfall

rangedependency1/r²

moresensitive closeto the radarsite

but loweringthe detectionefficiencydue to: 
Å overshootingradarbeam ςshallowwinter storm
Å icehassmallerdielectricconstant(factor5)
Å lesshumity in coldenvironment
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AnomalousRadar Beam Propagation

Weather Radar and Winter Weather- EuMeTrain Snow Event Week, 9.Feb.2021         R.Kaltenboeck 30

winter - strong temperatureinversion(T, rh) 
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AnomalousRadar Beam Propagation
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24h accumulatedradarprecipitationin mm for 1st Jan. 2021
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OverhangingPrecipitation

Weather Radar and Winter Weather- EuMeTrain Snow Event Week, 9.Feb.2021         R.Kaltenboeck 33

cloud

detected
not detected
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detected
100%

no detection

partial beam filling
reducedreflectivity

low topped/ shallowwinter precipitationwill:

Å not detectedat far ranges

Å intermediate rangewith partial beam filling / reduceddetecion

Å closeto the radardetected



OverhangingPrecipitation
moderate snowfall in Innsbruck without radarsignal
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veryshallowwinter precipitationbelowradarhorizont
(mountainweatherradarsiteat 2300 m msl)

no refectvity
below12dBZ

lowestelevation:
0.5 deg
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Beam Characteristics
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Height of lowestradarscan

lowestelevationangle = 0.1 deg
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Beam Characteristics
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FZ-ƭŜǾŜƭ  Χ мфлл Ƴ msl

Graz-LOWG: mainlobe  decendsfrom 2.5km to 1.5km height

bright band
lowestelevationangle = -1 deg
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Beam Characteristics

LowestScan Elevation:  

0.1 deg -1.0 deg
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Bright band

mountains
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Data Processing - Quality Control

RLAN-filter eliminatesweak(noisy) signalslike snowfall
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RLAN disturbancesstill present

unfiltered reflectivity clutter filtered reflectivity RLAN filter applied
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SpuriousEchoes
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Echoescausedby wind farmsin the souroundingof Vienna Internat. Airport

no Snow andRain Showers!

Vienna
Int. Airport

wind farms
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affectinglowestelevations
wherewinter precipiationoccurs



Data Thresholding
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Graz ([h²Dύ ΧΦ  moderate snowfallobserved

no valuesbelow12 dBZvisualized
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Data Thresholding
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SnowfallSalzburg
25.1.2021 19:30 UTC

no data< 12 dBZ
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Bright band
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smaller snowflakes

(colder, less humid)

lager snowflakes

smaller rain drops

Dielectricity 0.2

Large Drop Ø

Dielectricity 0.93

Large Drop Ø

Dielectricity 0.93

Small Drop Ø
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Melting Layer

*
*
*
*
*
*

*
*

* **
*
*

*
*

Rain

Snow

0°C
snowwith
water coated

Bright
Band

typicalradarreflectivity
verticalprofile

1) whensnowfalls in areaswherethe temperatureisabove0°C
2) resultsin large spongyspheres
3) meltingsnowflakesare large bright radartargets
4) bright reflectivity layeris formed just below0°C  

neg.Temperatures

pos.Temperatures
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Bright band in standardreflectivityproducts
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2nd Feb 2021 15:27UTC

bright band as
line in crosssection
Freezinglayerdetection

bright band asan 
areaof enhancedreflectivity

maximumprojectedreflectivity

Icingconditionsabove
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Bright band in standardreflectivityproducts
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2nd Feb. 2021
24h accumulatedprecipitation: radaruncorrectedςrain gauge(Austria)

sizeof bubblerepresentsdifferencebetweenreflectivitycompositeandrain gauge

largesterrorscloseto radarsite

hugeerror in quantitative precipitationestimation!
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Bright band corrections

VerticalIntegrated Liquid VIL

Radar Rain Gauge Adjustment

Dual Pol e.g. Hydrometeoclassification

VerticalProfil Correction:

uncorr.
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2.Feb.2021

lessintense
than before

corr.

Tüchler, HYMID-Project
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Bright Band in dual polarizedmoments
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90° vertical scanandquasi verticalscans4° and15°

Sounding
Linz

Reflectivity crosscorrelation Differential Refl.     Doppler velocity Temperature

Radar Feldkirchen 23.Dec 2012 

snow

rain

https://doi.org/10.1127/metz/2016/0807
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Bright Band in dual polarizedmoments
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Bright band is embedded in stratiform rain in PPI image with elevation 6.8° from 

WXR RAU, 18th June 2011 2358 UTC. From left to right, panels show horizontal 

reflectivity ZH, differential reflectivity ZDR and cross correlation coeff. ɟhv. 

ring of
enhancedreflectivity

closeto surfaceZDR=2 dB
in rain  

ring of ZDR=3dB

ZDR in snowiscloseto 0dB

ring of reducedRHOHV 
due to melting

http://www.meteo.fr/cic/meetings/2012/ERAD/extended_abs/NET_166_ext_abs.pdf
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Radomeinfluences
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Wet snowaffectedradarZIR at 2300m msl
12h precipitationaccumulation

8-9.Dec 2021 (S-flow) 

longlastingFreezingRain ςSE Flow, 23.Dec 2012 (RAU)  

PPI 1.8° ReflectivityandDifferential Reflectivy https://doi.org/10.1127/metz/2016/0807

ZIRbitzkogel2300 m
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ElevatedEchoes: Cloud / Precipitationaloft
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5th Feb. 2021   Linz Airport (LOWL)

maximum-projectedrefelctivity,  08:15 UTC

no reflectivityat lowestCAPPI level

WXR LOWL: Z> 14 dBZ

CeilometerLOWL:

VIRGA

no precipitation at the surface! 

08:15 UTC

ZH CAPPI crosssection
alongflow direction

[dBZ}

attenuatedbackscatter

Salzburg
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Outline

Advantages of UsingWeatherRadar in Meteorology

WeatherRadar Detectionof Snow

WeatherRadar Limitationsof ColdWinter Weather

WeatherRadar RelatedWinter NowcastingApplicationfor
AeronauticalMeteorology
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WeatherRadar for Winter Nowcasting

Å¢w9/ Χ ¢ǊŀŎƪƛƴƎ by correlation

Å PystepsΧ generationof ensembles

Å Blending trackinginto model
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WeatherRadar Data Assimilation
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without radar with radar

Snowfall
15th Jan 2021

prec. sumover3 h
F. Meier
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Quantitative PrecipitationEstimation
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25.Jan 2021 SnowfallSalzburg

Marshall Palmer

Rain Gauge

R
a

d
a

r
image: accumulatedprec. from radarfor 24h  
numbers: differencesin mm from 24h radar-gauge

Reflectivity:
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Quantitative PrecipitationEstimation
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Reflectivity+ Dual Pol

25.Jan 2021 SnowfallSalzburg 19:30
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Hydroclassificationusingdual polarizeddata

28.Oct 2019 lowestradarcoverage

closeto the radarsiteat lower levelsrain
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Hydroclassificationusingpolarizedradar
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Reflectivityoverlaidby surfacetemperatures

28. Jan 2021:  start of severewinter episodeoverGermany
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