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Characteristideaturesof a Micro Rain Radar

A Compact (<1nd)
A Lowtransmitpower (< 50 mWw)
A Easyto installandto operate (No healthor safetyissues)

A Fixed beamyerticallypointing (Range <epth of troposphereis sufficieni.
A Highfrequency (Thisprovidesnecessangensitivityfor particle detection)

A Significantain attenuation (Acceptabledueto shortrange)

A Retrievesdropsizedistributions from Dopplerspectra
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' The Micro-Rain-Radar retrieves drop size
/ distributions in a column over the radar.
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Large drops fall faster than small drops
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Rain rate versusumulatedrain fall

Aradarmeasuregain rate’Y 0 8Cumulativerainfall6 O is obtainedby integration
yr
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Integration Time,Distrometrerand Rain Gauge
Examplewith rainrate p i [jE

Adistrometerdetectsl to 2 dropsper second

Uncertainty étandarddeviation) of 10%requiresat least 10dropsA Yo pi E1

A raingauge(tipping bucketor weighing provideso in stepsof o | | .
Fora quantizationerror of 10%we need 10 stepscorrespondingo p E collectiontime.

Thisis muchlongerthan the typicalduration of rain events

Thesdfiguresbecomea bit better at higherrainrates. Butthe main contribution to total annualrain

fall at moderatezonesis typicallycausedby low rain rates
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Scanningveather radar andin-situ sensor
Evenif we ignorefor the momentthe basicuncertaintyof the relation betweenradarreflectivity
factor andO EQRA @ A,&h8 comparabilitybetweenin-situ sensorsand scanningadar
measurementss hamperedby the notorious inhomogeneityand instationarityof precipitation
fields.
Dueto the radarscanschemeonly a smallfraction of the total time is availablefor comparisons
Even athe time of closestapproachof the radarbeamthe typicaldistancebetweenrain gaugeand

radarvolumeamountsseveralhundredmeters

Therefore it is not surprisingthat comparisonf in-situ with radarmeasurementsre only useful

for verylongintegrationtimes (weeks months or yeardependingon rainoccurrence.
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MRR and irsitu sensor

Thefixedbeam andsmalldistanceof lowestrangegate allowscontinuousand efficient comparison

Sincethe MRR rain rateetrievalis basedon the drop sizedistribution, the comparisornwith rain

gaugedatais not compromisedoy uncertaindrop sizedistributions

More explanationon the followingthree slides
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Retrievalof Drop SizeDistributions

A fundamentaluncertaintyof Radar QPEQuantitativePrecipitationEstimatior) is causedoy
the variabledrop sizedistribution.

Althoughthe situationhasbeenimprovedwith the introduction of polarimetricmethods
there is still aneedfor referenceandverification

Theknowledgeof the actualDSDopensan efficientway for weatherradarradarcalibration
without relyingon shaky nontlinear Z_Relations butonly on scatteringtheory (with

comparablyerysmalluncertainties.

A uniguecapabilityof the MRRis that the DSDcanbe retrieved simultaneouslywith the

weatherradar in the weatherradarscatteringvolume Backio
content



Suggestedet up for Weather RadarCalibration

(More explanationson following slide) v 0 5 OQ0 L(O)QO
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Wewishto estimatethe instantaneouscalibrationerror w of the weatherradar, whichincludeseffectslike waveguide
loss TRswitchloss receivergain transmitpower,radomloss path attenuation, Z “Y-relation. Particularlythe last 3

contributionsare highlyvariable in time andanbe accountedfor only by a fastcalibrationprocedure

o (Q o ¢(Q) isthe reflectivity factor, measuredoy the weatherradarat the intersectionvolumeat height Q.
0 OHQ O ¢0(OhQ isthe drop sizedistribution, measuredby the MRRasfunction of heightincludingQ8) isthe
calibrationerror of the MRR. Notehat this error doesnot affectthe shapeof 0 ‘O but isacommonfactor. Therefore

the rain rateretrievedwith the MRRisrelatedto the true rain rateby the sameconstantfactor: Y (Q 0 €Y Q. Thu:

UJ

U canbe estimatedfrom comparingthe cumulatedrainfall of the in-situ sensorwith the integratedrain rate,retrieved
at alowrangegate Q0 B Y Q0 0. Usingd agroundvalidateddrop sizedistribution canbe calculated

0 (OHQ 0 (OhQ 7O whichallowsto determinethe radarreflectivity factor in the intersectionvolume ¢'Q)

L 0 (OHQ)O 'Q OFromthis followsthe instantaneousradarcalibration
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Updatingthe Z-R-relation

An alternativewayto support QPby radaris the update of parametersof the Z-R-relation by simultaneous

MRRretrievalsof rain rate'’Y andcd.

Experimentaketup for updatingZ-R-relations

during LAUNCHxperiment2005 at DWD Observatory
Lindenberg.

Thedataat MRRsite A were usedfor retrievingupdated
Z-R-relations. The updatentervalswere controlled by
the observedshortterm correlationcoefficient between
Y and’Y with'Y &0 8Theupdatedparameters
were usedfor the rainretrievalsby the scanningveather
radarat MRRsite A and B.

Resultsare on the nextslide
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MRRPROOverhangingPrecipitation

rainfall rate dB re 1 mm/h, 2017-10-04
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MRR2 DecendingMelting Layer

Radareflectivity dwith overlayof profilesof Doppler Velocity

Height agl [m]
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Nowcasting/Melting Layer


















































































































