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Precipitation Monitoring

• Conventional sensors
• Networks of rain gauges

• Weather radar

• Disdrometers

• Opportunistic sensors
• TV-Sat receivers

• Commercial Microwave
Links (CML)



The MOPRAM Project

EGU  HS7.1 (Tuesday 5 May)
G. Cazzaniga et al., «Calculating the hydrological response of a 
mountain catchment using conventional and unconventional 
(CML) rainfall observations: the case study of Mallero
catchment»

1. Meteorological task 2. Hydrological task

Estimation of rainfall intensity
from CML signals and
validation vs RG and DIS

1.2
Integration of CML data 

into a hydrological model
Check of the 

hydrological response
2D Rainfall field retrieval by a 
tomographic approach

1.1 2.1 2.2

THIS PRESENTATION

• MOPRAM (MOnitoring PRecipitation through A network of RAdio links at Microwaves) aims at:
• assessing the usage of CML data for rainfall measurements, especially for extreme weather events
• evaluating the output of an hydrological model when fed with CML-based rainfall estimates

• Validation in two areas in Northern Italy

• The project activity is divided into 2 main tasks:



Study Area & Experimental Set-Up

Mallero
River

Sondrio

Links (CML) 12

Rain Gauges (RG) 15

Disdrometers (DIS) 2



What a CML actually measures

15-min MinMax (standard CML data format) «Instantaneous» data (1 sample every 10-sec)
1 dB* 
Signal

Quantization

Rain
event

* dBm (used by TELECOM engineers) are units of power on a logarithmic scale, i.e.  P (dBm) =10 log10 P(mW)
* 1 dB is a relative unit, corresponding to a 25% increment/decrement of a certain quantity



How to turn RSL into rain intensity ? (1)



How to turn RSL into rain intensity ? (2)



How to turn RSL into rain intensity ? (3)



How to turn RSL into rain intensity ? (4)



How to turn RSL into rain intensity ? (5)

Attenuation abruptly
increases as rainfall is
still light

Attenuation does not
return to zero for 
several hours after rain
has stopped



How to turn RSL into rain intensity ? (6)



How to turn RSL into rain intensity ? (7)



Link Sensitivity & Measurement Errors

Q=1 dBQ=1 dB



A better A-R relationship by disdrometers

Best fit - @ f=18.8 GHz
over  150 hours  of rain from two

disdrometers
are different from ITU-R P. 838-3



Mean rainfall rate by MINMAX data

15-min

Rmax=25 mm/h

Rmean=12.3 mm/h

Rmin=4.5 mm/h

(Rmin+Rmax)/2= 14.8 mm/h



Rain is not uniform along the path

• How to deal with it? Spatial reconstruction of the rainfall field (if the CML mesh is
dense enough) e.g. by tomographic techniques

PRI LAG

LAP

CAF
FUB

6 mm convective peak
on one side of CML

3 mm =midway
between PRI and LAP



Validation: CML vs RG & DIS, Event #1
(1) heavy rain

@ PRI,  ALE

(2) heavy rain

@ CAI, SFF, TSG

CAG  ALE, SAG
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Validation: CML vs RG & DIS, Event #2
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Issues of CMLs as rainfall sensors:
• Data format not optimized (quantization, time resolution,

only MINMAX values)
• Signal attenuation to rainfall rate conversion
• Rainfall measurement is path averaged

Conclusions

How to enhance CML performance:
• 2D rainfall field retrieval
• Calibration by weather radar
• Firmware updates (up to the cellular company)

Through basic data processing & CML calibration:
• Fair agreement with rain guages and disdrometers on

accumulated rainfall on sample events



ThankYou By The MOPRAM Team!

Contacts:
• roberto.nebuloni@ieiit.cnr.it
• greta.cazzaniga@polimi.it
• carlo.demichele@polimi.it
• cristina.deidda@polimi.it
• michele.damico@polimi.it
• antonio.ghezz@polimi.it

Official site:
• http://www.mopram.it/
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