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3What is a Micro Rain Radar?

Å Compact (< 1 m3)

Å Low transmitpower (< 50 mW)

Å Easy to installand to operate (Nohealthor safetyissues.)

Å Fixed beam, verticallypointing (Range < depth of troposphereissufficient).

Å High frequency (This providesnecessarysensitivityfor particledetection.) 

Å Significantrain attenuation (Acceptabledue to short range.)

Å Retrievesdropsizedistributions from Doppler spectra.

Characteristicfeaturesof a Micro Rain Radar
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The Micro-Rain-Radar retrieves drop size

distributions in a column over the radar.

Large drops fall faster than small drops

What is a Micro Rain Radar?
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Rain rate versus cumulatedrain fall

A radarmeasuresrain rate ὙὸȢCumulativerainfallὅÔisobtainedby integration
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A rain gaugemeasurescumulativerainfallὅὸȢRain rate isobtainedby differentiation
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Examplewith rainrate ρ ϳÍÍÈ

A distrometerdetects1 to 2 dropsper second. 

Uncertainty (standarddeviation) of 10% requiresat least 100 dropsĄЎὸ ρÍÉÎ

A rain gauge(tipping bucketor weighing) providesὅin stepsofπȢρÍÍ. 

Fora quantizationerror of 10% we need10 stepscorrespondingtoρÈcollectiontime. 

This ismuchlongerthan the typicaldurationof rain events.

These figuresbecomea bit better at higherrain rates. But the maincontribution to total annualrain 

fall at moderate zonesis typicallycausedby low rain rates.
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Integration Time, Distrometrerand Rain Gauge
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Scanning weather radarand in-situ sensor

Evenif we ignorefor the momentthe basicuncertaintyof the relationbetweenradarreflectivity

factor and ÔÈÅÒÁÉÎÒÁÔÅ, the comparabilitybetweenin-situ sensorsand scanningradar

measurementsishamperedby the notorious inhomogeneityand instationarityof precipitation

fields.

Due to the radarscanschemeonlya smallfractionof the total time isavailablefor comparisons. 

Even at the time of closestapproachof the radarbeam the typicaldistancebetweenrain gaugeand 

radarvolumeamountsseveralhundredmeters.

Therefore, it isnot surprisingthat comparisonsof in-situ with radarmeasurementsareonlyuseful

for verylongintegrationtimes(weeks, months, or yeardependingon rain occurrence).

7Scanning weather radar and in-situ rain sensors
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MRR and in-situ sensor

The fixedbeam and smalldistanceof lowestrangegateallowscontinuousand efficient comparison.

Sincethe MRR rain rate retrieval isbasedon the drop sizedistribution, the comparisonwith rain 

gaugedataisnot compromisedby uncertaindrop sizedistributions. 

More explanationon the followingthree slides.

MRR and in-situ sensor
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Retrieval of Drop Size Distributions

A fundamental uncertaintyof Radar QPE (Quantitative PrecipitationEstimation) is causedby

the variable drop sizedistribution.

Althoughthe situationhasbeenimprovedwith the introductionof polarimetricmethods, 

there isstill a needfor referenceand verification.

The knowledgeof the actualDSD opensan efficientwayfor weatherradarradarcalibration

without relyingon shaky, non-linear Z_R-relations but onlyon scatteringtheory (with

comparablyverysmalluncertainties).

A uniquecapabilityof the MRR is that the DSD canbe retrievedsimultaneouslywith the

weatherradar in the weatherradarscatteringvolume.

9Why do we need drop size distributions?
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In-situ
sensor

ὤ Ὤ ὡɇὤὬ

ὔ ὈȟὬ ὓɇὔὈȟὬ

Ὑ Ὤ ὓɇ22Ὤ

ὓ Ὑ Ὤḙπ Ὑ

ὔὈȟὬ ὔὈȟὬ Ⱦὓ

ὤὬ ὔὈȟὬ Ὀ ὨὈ

ὡ ϳὤὬ ὤ Ὤ

Weatherradarcalibration.

Ὑ Ὤ ὔ ὈȟὬὈὺὈὨὈ

MRR

Weather
Radar

Suggestedsetup for WeatherRadar Calibration

(More explanationson followingslide.)
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ὡ ϳὤὬ ὤ Ὤ

Weatherradarcalibration.

22 Ὤ ὔ ὈȟὬὈὺὈὨὈ

ὤ Ὤ ὡɇὤὬ is the reflectivity factor, measuredby the weatherradarat the intersectionvolumeat heightὬ. 

ὔ ὈȟὬ ὓɇὔὈȟὬ is the drop sizedistribution, measuredby the MRR asfunctionof heightincludingὬȢὓ is the

calibrationerror of the MRR. Note that this error doesnot affect the shapeof ὔὈ but isa commonfactor. Therefore

the rain rate retrievedwith the MRR is relatedto the true rain rate by the same constantfactor: Ὑ Ὤ ὓɇὙὬ. Thus 

ὓcanbe estimatedfrom comparingthe cumulatedrainfallof the in-situ sensorwith the integratedrain rate, retrieved

at a low rangegateὬ: ὓ ϳВὙ Ὤ ὅὸ.  Usingὓa ground-validateddrop sizedistributioncanbe calculated: 

ὔὈȟὬ ὔὈȟὬ Ⱦὓwhichallowsto determinethe radarreflectivity factor in the intersectionvolume: ὤὬ

ὔ᷿ὈȟὬὈ ὨὈ. Fromthis followsthe instantaneousradarcalibration

We wishto estimatethe instantaneouscalibrationerrorὡ of the weatherradar, whichincludeseffectslike waveguide

loss, TR-switch loss, receivergain, transmitpower, radomloss, path attenuation, Z Ὑ-relation. Particularlythe last 3 

contributionsarehighlyvariable in time and canbe accountedfor onlyby a fast calibrationprocedure.
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12Dynamic Z-R-Relation

X-band scanning
weatherradar

MRR siteA

MRR siteB

An alternative wayto support QPE by radaris the update of parametersof the Z-R-relation by simultaneous

MRR-retrievalsof rain rate Ὑ and ὤ. 

Updatingthe Z-R-relation

Experimental setup for updatingZ-R-relations

duringLAUNCH experiment2005 at DWD Observatory 

Lindenberg.

The dataat MRR siteA wereusedfor retrievingupdated

Z-R-relations. The update intervalswerecontrolledby

the observedshort-term correlationcoefficient between

Ὑ and Ὑ withὙ ὥὤȢThe updatedparameters

wereusedfor the rain retrievalsby the scanningweather

radarat MRR siteA and B.

Resultsareon the nextslide.
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Transfer of
updated ὥ
from siteA
to siteB
at 6 km 
distance.

ὤ ὥὙ
withὥ ςυπ
and ὦ 1.4

ὥ
ὤ

Ὑ

28-29 Sep. 2005 with 14 hoursrain

Only ὥwas updatedwhile
ὦwas kept constant.

Conclusion: The uncertaintywas not only locallyimprovedbut also at 6 km distance.

Dynamic Z-R-Relation
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Nowcasting

MRR-PRO  OverhangingPrecipitation
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Radar reflectivityὤwith overlayof profilesof Doppler Velocity ύ
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MRR2  DecendingMelting Layer

Nowcasting/Melting Layer
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