Micro Rain Radar MRR

e Vertical Profiling of Rain Rate
and Liquid Water Content

e Computes Complete Drop
Size Distribution

e Height Range more than
2000m with 30 range gates

e Adjustable Averaging Intervals
10 - 1800 s

e Very Low Maintenance Efforts-
High System Reliability
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Micro Rain Radar MRR

MRR-2 specifications:

Transmit power 50 mW
Frequency 24 GHz
Averaging interval 10-3600s
Height resolution 10-200 m
Number of range gates up to 30
Accuracy for 1 min average 1/100 mm/h
Power supply 24VDC, 25 W
Weight 6 kg

(without power supply and cable)

No Maintenance,
Long Term Unattended Operation

- | Grafic Display:
e e, re P et Includes Spectra,
e s e Tt Time series,
e e Profiles and Isolines
e

Time series of liquid water
content for different heights
(left), contour plot of rain
rate (middle) and Statistical
analysis of rain rate as an
example for the
comprehensive illustration
facilities of the included
graphic software




Micro Rain Radar MRR-2

Example of use:
Calibration of long distance horizontal scanning
weather radars
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Time series of Rain Rate in different heights from the
vertical pointing MRR (location: ElImshorn) in
comparison to backscattered signal intensities of a
horizontal scanning_] weather radar




Vertical Pointing Complete Micro-Rain-RADAR MRR, FM-CW Mode

RADAR Frontend
- Frequency: 241 GHz (24.10GHz-24.15GHz)
- Modulation: saw tooth type, modulation depends

on adjusted height resolution:
forex. 1.5 MHz for 100 m height steps
forex. 3 MHz for 50 m height steps

- Radiated Power: 50 mW

- Power Consumption: 25W

Outdoor Components

- Offset parabolic dish antenna, @60 cm, Beamwidth2°,6dB

- Radarfrontend (e-mfeed), d8cmx25cm

- Transmitter control electronic, 260 mm x 160 mm x 100 mm, IP54

- Receiver unit and digital signal processor unit for FFT-analysis for
derivation of Doppler spectra (10 s sampling time)

- Data transmission with RS232 interface for system control,

- 25 m Junction cable for data transfer and power supply of outdoor
components

Control-Software

[ Profiles of droplet spectra (i.e. drop size distribution)
radar reflectivity
liquid water content
rain rate
[ System Parameter
) Samplingtime: 10s*
Average time: adjustable,>10s,<3600s
Number of height steps: adjustable, max.30
Height steps: adjustable, >=30m, <=200 m
Lowest measuring height: 2 height steps
o Automatic restart after power breakdown, no loss of settings
[ Output of measured data (Spectra, reflectivity, rain rate, liquid water
content) both as raw-data and averaged data (with selected average
interval)
[ Correction for Mie-scattering, beam broadening etc.
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Please note:
For the data transmission of the Doppler spectra from the outdoor receiver and FFT
electronic to the indoor data acquisition PC (see pos. 2) a transfer time of 2-3 s is required.
Therefore, fora 10 s sampling time only 7-8 s are used for effective measurements.

-and -

Graphic-Software

data

Option:

Software module for system access and control, data transfer and data
storage;

Software module for on-line evaluation of Doppler spectra (measured
see above)

Software module for graphic presentation of results and data:
profiles, time series, droplet spectra, statistics;

1- or 4- or 9- plot display in one graphic

selectable time and height ranges

smooth functions

printer output

export function to *tif, *eps, *wmf, bmp, txt, etc..

Heating of the parabolic antenna dish

AC/DC converter 230 VAC/ 60 VDC / 10 A, 25 m cable, heating elements on
reverse side of antenna;
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Radar profiles of rain rate, reflectivity and fall speed of precipitation

particles

Tage Andersson, Cerhard Peters and Bernd Fischer

Meteorobogisches Institul, Universitit Hambuarg., Bundesstr, 55, 20146 Hambarg. Genmany

1. Imgreduction

The MBERE2 = a b cost 24 GHz FM-CW-Doppler radas
ram profiler, Alwvgraaorn o eol, 1995 Laffler-\arg o aof,
900 Tt mensures the fall velocities of the precipitstion
partickes amd deduces the min mabte from thear fall velocity
specin. From these measunaments run mbes, lgud waler
combends and drop size spectra can be denved. Coe appament
problem then is that duning parts of the year i tenperate
clomestes and s the free atmosphere (he prec pilalon appears
in the solid phase (ice crvstals, smow flakes, graupel or haalj

Cither dhifficulizes are the aftenstion m precipilation, whoch

15 large m thas Frequency hamd, and the verbical velocily of

ihe ambient air, which affects the fall speed of the drops
Thee MEED also mesimes e ety of e relim sgnal
For mdar malvsis omd forecosting of  precrpolaiion GThe
vertical reflectivity profile of the lower stmosphere (which
generally the ordinary weather radar beam 15 above doe o
the topography amd the curvalure of the amth) B very
imnportant, see for instance Laffler-Vfang of al,, 1999, and il
MER2 produces just such prodiles

Thee uselullness of this tvpe of instruments is also exploited
i other applications. It 1= a precipatation sensor candidate
lor present wealher sensors. 1115 used a5 a precpulsteon
inlecador by customers as dillerent as the Hikkinen Formuly
1 Bacing Team and the Onsala Space Odbservatony,
Corpdimarsiy of al., [

2. The radar signature of the Bright Band

According o our expenence the Hoght Bamd, B, 15 a
commemy [ealure i lempernle climales when the 07 O
isotherm is above the grousd. Since the BB and the vertical
rellectivaty pralile have a lasge ampact upon e rodas
meeppring and (orecasting of precipatation we will descuss 11
radar signature. Traditionally. the BB i depicted in vertical
rellechvity prodiles as o pronounced maxamum or nose:,
and =0 it appears also on the MRR2, Fig. 1. However, il 15
more evidest o the MER2 rain rate profile, where it also
oocurs sommew hat gher

Fig. 2 shows &l velooly spectm above, in and below o BB
Above the BB the dominant peak is af about 2 mfs. ibe fall
spead ol the e arvsialssnow [lakes Thar spectra are Burly
nurow, 05 also other researchers have found, see
insbance Ceossard of af, /900, and Dwvernoy of o, T9#%. In
this region there = also s brosd musamam, centensd o1 aboul
6 m's. Such a bimesdal spectmam appears offen, though not
always, above the BE. Descendang through the BB the e
crvslal penk = displaced toward higher velocilees amd
together with the & my's peak forms a broad spectrum. Below
ilse BE there 15 a famly beod raindrop spectinem waith the peak
#l ahoul 7 m's

J The vertical vebecity of the ambient air

Bamoe the vertcal movemen! ol the air allects the (&l
velocities of the rain drops, the min mte retreval, bosed on
fall velociies in quiet asr, becomes aroncous. The vertical
wimd error 15 probably the most senous hmitaben ol this

s

i aea i

OTE: TC OFiQ

Figure . Yetical lme cmoss sections ol rellechivity
{uppemmest Fig. L min rabe {middle Fig. ) and £all speed of
the precipilation pamicles (bowest Fig ). The Figures show
how the BHE appears m these 3 pammetas [no the
reflectivity image there is an arbeloct o8 2300 m heaaght. A
laber soflware has rediced'clinimsted this arte (s

Chnstiansd, 7 Mov, 195948, (W 50407 10 LFTC
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the groumdy amd one on the rool of the Meleordogicall
S S — Instituée in Homburg (60 m above the ground) Assuming
F o that the bonglenn precipilalion raie is constant over ihe
F ; mensng  mnge (ohout | kmi oamd  eppiving  the
o goomctrical mange commection, the sctlaring s seclion
:".*' — z shoubd be constanl with range, i there wns po mm
& — pemmtion.  Longlerm  measurements  showed  om
l- e atiemisition that was appreciably, a factor of about 10,
i e — - Laiper tham the allennatson given o the lembire, Fig. 4
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Figure & Raclar reflectivity specim for Chnstanse, 7 Moy i T
1909, 0700 UTC. The spectra are siacked i range, that = m| . T &
height. above the mdar antenna Vertcal scale is the - \ 1 Y %
reflectivity factor in B The range spacing is 100 m The - : J | -
FiH occupees maandy ihe mierval [B00-2200 m. Three mnge H . : 2
gates, 24002600 m, ane omulted due 1o an areloct of these L3 T T - - - -y
bevels, whach appears an Fig. 1. -

Figure 4. Helechivaly againsd range from o horsentally
techmque 8o far comection schemes os suggested for mested MERD anenna
cxamiple by (Probert-dones of ol 062 Mnuer o al [954,
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