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Needs

New user needs raised for local and regional distribution of precipitation data ( urban hydrology,
agriculture, flash flood monitoring, etc.)

Increasing demands for higher spatial and temporal resolution of weather radar measurements,

Needs for ,gap filling” radars for better coverage of the national weather radar networks (USA
NSF founding projects — CASA for NEXRAD )

Numerous projects are targeted on regional hydrological needs (FREMEA, FORALPS,
HYDROMET, RAINGAIN, etc.)

Problems

The widely used exponential formulas for dBZ -> R conversion need too much assumptions
which are can not be managed well at long ranges and in most of weather situations

Reliable rainfall data from operational weather radars are limited in space (about one half of
maximum measurement ranges 120 /240 km),

Latest advances in weather radars (simultan dual-polar, dual wavelength) provide more reliable
rainfall data at short ranges but not at long range,

The range of the reliable radar rainfall measurements will be limited in the future too.

Multi purpose weather radars with dual polarization need too high investment and operational
costs,

Low cost shipborne based MINI X band radars are limited in their capabilities (attenuation, no
Doppler clutter reduction, no met. radar equation),



Present answers - MINI X band weather radars




Our answere — MARG concept
Microwave Areal Rain Gage

Tunable carrier frequency on C band (5.6 cm) to be optimum,

Doppler FM/CW with Doppler signal processing for ground clutter rejection,
Two small antenna for transmit and receive — beamwith about 3 degre,
Only rotating at manually aligned vertical positions,

One wavelength Z -> R conversion with adjustable parameters using rain types,
identification,

Identification of rain types based on echo structures and/or Doppler spectrum
High grade clutter rejection,

Full automatic operation,

Measurement range up to 15-30 km ranges about 700 -3000 km?2,

(min. det. rainfall 0.2/0.5 mm/h at 15/30 km),

Accuracy less then 20 % for rain - 0.2- 0.3 dB % in technical,

Can be associated with disdrometer nearby (optional only),

Communicate with TCP/IP on WLAN,

Providing QPE using additional rain gages or disdrometers,

WEB based user services,
Most operational weather radar
systems still use the reflectivity
method !



Selection of wavelength
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a reference dBZ distribution (upper left) with 50-55 dBZ cells. Max range is 30 km.



Selection of Antenna Type and Beamwith

Radar counts or

Slotted waveguide
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lllustration of different beam with on a virtual RHI section. The background picture was taken
from presentation I. Zawadzki (2008)



The MARG Project

Based on the MARG concept a Consortium was organized and a Project proposal
was formulated for development a high resolution, low cost, short range
precipitation measurement system.

The Project proposal has received funding from the European Community’s
Seventh Framework Programme (FP7/2007-2013) under grant agreement n°
315296.

Start date: November 1, 2012

Duration: 24 months

Funding Scheme: FP7 Research for the Benefit of SMEs
Website: www.marg-project.eu

Consortium members:
— RTD partners: TU GRAZ, ARPA Piemonte, MFKK
— SME partners: BHE, ON-AIR, MET-ENV, GEOGRAPHICA, PESSL,



http://www.marg-project.eu/
http://www.marg-project.eu/
http://www.marg-project.eu/

MARG Technical Specification

Wavelength: C band

Beam width : 3 degre

TX power: 20 W (43 dBm)
Antenna gain G =36 dB (1.5 m)
Noise figure 3-4 dB

Rain rate: 0.5 and 100 mm/h

Antenna
module >| Radar frontend control software l
RFfrontend ,
“-l Signal processing software |
|
Baseband& | | G
IF module | dBZ to mm/hour algorithm ]
MARG sensor #1

MARG sensor #2 : :

Reflectivity: min 18 and 55 dBZ (using a standard Z-R

relationship)

Distances from 100 m up to 30 km and for derived

parameters
Range resolution 100 m

Dynamic range (from distance and reflectivity) ~ 85 dB

Doppler processing for ground clutter cancellation

and radial wind

Precipitation
data inGIS
environment

Precipitation
image post
processing

Data
management

MARG User Centre
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Anlog RF/F sigral MARG System Overview
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The MARG system overview - C band FMCW Doppler radar

Software defined waveform, linear FMICW,
Configurable FMCW parameters

(sweep duration, frequency span, range
resolution, number of range bins, number of
sweeps for integration, unambiguous radial
velocity)

Bandwidth: 3 MHz for a range gate of 50 m
Digital generation of IF signal, digital TX and
RXIF

Direct IF receiver with digital baseband
conversion and I-Q-demodulation

IF conversion : Single stage RF to IF with
image rejection mixer

IF frequency: 60— 70 MHz, but can be
modified

Image rejection : > 50 dB

Radar frontend control on integrated ARM
CPU

System integrity monitoring, built-in test
equipment
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MARG OPTIMAL QPE

"calibration"
manitoring

Rainfall rate is derived from the
radar reflectivity Z using a Z-R
relationship

calculate
reflectivity

‘ DSD from

M-P parameters will depend on
the rainfall types as stratiform or
convective algorithm by Steiner
(1995)
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The Need

In Europe annual invesiments of € 9.5 buihon m meteorologml including rainfall data leads to € 68 billion

return in economic value.[1] The -t i of rain data ib to € 58 million
turnover for the water industry. The estimation md qucMyof recorded mmfnll play avital mle inthe perforrnance
of sewer systems, water plants, irri and ion of a di ping

flood threat. Heavy rain frequently overwhelms urban sewoge systems, which cause rapid flooding in cities. In
the UK, precipitation results the collapse of up to 5000 sewage systems each year. The 20% of all EU-funded
infrastructure i are used to maintain and upgrade sewer systems. The unnecessary use of water for
irrigation on farms increases costs significantly.

Accurate, local level rainfall data is critical for customers of weather data service providers,
multimillion euros can be saved on rainfall related i for improving these

The Goal

The proposed product will provide rel:uble rainfall meusuremenl data to supply the needs of end-users.

It will couple uniqueaceuracy in imal range for locali of rain i y and spatial
distribution. The MARG ayshm mll combine state-of- fhe art mlvd state ml(rkuve fed\nology digital
signal p ing, and GIS tech gy with novel p

¥ The value for.the customers willhe increased safety and better production with reduced costs. MARG has

the potential to provide relioble.date, for private water sector op and lities that are
responsible for the optimal operation.of distributed water systems, sewages and treatment plants which can
cost billions of euros. By helping the beftersched ile of and fertilizers it can potentially to

saye 25% for ugn(ulmml holdmy in furming costs. The syﬂam can further support hydropower companies
ing whether cloims, and leisure planners

__Project Objectives

* To realize a relatively lower commercial price than current solutions

*» To realize a pre-competitive product that will enable participants to reach the targeted
return on investments

« To identify rain type events using Doppler spectrum data;

» To identify rain fype events using morphological information of the radar rainfall

maps;
* To develop high grade clutter llati Igorithm in order to eli

data on stationary ob|eds in the area;

» To train SMEs on fi i perability, blest ing, mai etc. of the
system

« To disseminate the project at I, scientific, certification and on public

platforms, and to compile a European Best Pmdices Guild.

« To prepare Exploitation Plan to determine routs for protection and
exploitation of Foreground in line with post-project exploitation
plans

www.marg-project.eu

Mambers of tha Consorsium:
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MARG — MICROWAVE AREAL RAIN GAUGE

a Low Cost Solid State Microwave Areal Precipitation Measurement System

Q & A

Thank you for your attention !

Ferenc Dombai *, MET-ENV, Budapest, Hungary;
H. Paulitsch, TU Graz, Austria;
R. Cremonini, and R. Bechini, ARPA Piemonte, Italy



