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Abstract 
In the last two decades, several studies exploited 

opportunistic microwave signals to improve precipitation 

estimation capability. In this framework, the Nefocast 

project developed an ad-hoc algorithm to retrieve 

precipitation from the attenuation experienced by Earth-to-

satellite links and deployed an extensive field campaign to 

validate the algorithm. Thanks to the co-located 

measurements of a satellite receiver (SmartLNB), a 

disdrometer and weather radar in Rome, several 

assumptions of the Nefocast algorithm were addressed. 

Recently a vertically pointing micro rain radar (MRR-

PRO) was added to the Rome set-up allowing the analysis 

of the variability of the precipitation and its possible 

influence within the Nefocast algorithm. The preliminary 

results showed that the vertical variability of precipitation 

can play a role in the Nefocast estimates.  

 

1. Introduction 

 
The use of opportunistic microwave (MW) communication 

links to obtain quantitative precipitation estimates has 

become a research topic that has gained growing interest in 

the last decades. Estimation of precipitation relies on the 

attenuation experienced by a MW signal due to the 

presence of precipitation along the propagation path. In 

fact, at the frequencies used by commercial MW links, 

attenuation is significant, caused mainly by the interaction 

of the wave with liquid and mixed-phase hydrometeors. 

For liquid precipitation, the relationship between the 

specific attenuation (k , dB km−1) and the rainfall rate (R , 

mm⋅h−1) is expressed through a power law k= aRb with 

coefficients depending on wave characteristics like 

frequency and polarization, and environmental parameters 

like temperature, particle types and density, and the size 

distribution of cloud and precipitation particles. In 

principle a rainfall rate estimate can be associated to a path 

attenuation measurement. 

The use of tropospheric MW links of cellular 

communication networks to estimate precipitation, owing 

to a number of studies, has achieved a maturity level 

enabling operational implementations suited both for 

densely populated areas and for areas where operation 

rainfall measurement devices are scarce or absent [1]. More 

recent studies have targeted the use of attenuation 

measurements made along the satellite-to-ground links of 

communication satellites (typically geostationary satellites 

for direct TV broadcasting) to estimate precipitation. A 

review of such studies can be found in [2]. It should be 

noted that different approaches involving different kind of 

receivers can be considered [3]. Statistical validation 

studies performed with calibrated rain gauges [4] or ground 

based weather radar [5] and using different receivers have 

shown, in general, a good performance of rain retrieval 

algorithms. Methods to obtain rainfall maps using 

networks of receivers have been also proposed [6] [7]. As 

part of the validation program of the Nefocast project, 

funded by the Tuscany Region Government (Italy), a 

physical validation exercise [8] was performed to evaluate 

the influence of several factors affecting the performance 

of the rain retrieval algorithm described in [9]. An 

experimental setup was purposely deployed in Rome, 

where co-located with a SmartLNB receiver, installed were 

a laser disdrometer and a research grade dual-polarization 

weather radar (Polar 55C) pointing in the direction of the 

MW link. This configuration allowed to evaluate the 

impact of several assumptions of the retrieval algorithm, 

such as the adoption of a fixed k-R relationship with regard 

to the variability related to changing drop size distribution, 

or the use of a height of the 0°C isothermal obtained from 

a numerical weather model instead of the height and 

thickness of the melting layer estimated in real-time from 

dual polarization weather radar that presents a high 

variability in time. Unfortunately, due to several factors, 

including the influence of ground clutter close to the radar 

site, radar measurements close to the radar were not usable 

to evaluate the impact of vertical variability on rain 

retrieval, whereas a constant vertical profile is assumed 

below the melting layer. Recently, a Micro Rain Radar 

(MRR) has been made available and placed next to the 

SmartLNB and the disdrometer to obtain a more accurate 

and detailed description of the vertical variability of 
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precipitation. This summary paper describes the 

preliminary results obtained with this experimental setup 

focusing the influence of vertical variability of 

precipitation on rainfall estimation with satellite-to-ground 

link. 

 

2. Experimental setup 

 
Fig. 1 shows the setup at the CNR-ISAC in Rome running 

since October 2021. Circled are the SmartLNB receiver 

(cyan), the Laser disdrometer (red) and the vertically 

pointing radar profiler (green). The experiments conducted 

with this setup started in November 2021. Subsections 

detail the instruments used. 

2.1 SmartLNB 

The SmartLNB manufactured by AYECKA Ltd. (Israel) 

was tuned on 11.3458 GHz for the forward link (i.e, sat-to-

ground) and on 14.2166 GHz for the return link (ground-

to-sat) using the Eutelsat 10-A geostationary broadcast 

satellite, located at 10° E. The elevation angle in Rome is 

41.8°.  

The terminal provides time series of the instantaneous 

value of the ratio between the average RF energy per 

symbol and the one-sided power spectral density of the 

channel noise (Es/N0). Using this information and the 

additional information about the 0°C height, the algorithm 

described in [9] extracts the component of attenuation due 

to precipitation using a double Kalman filter followed by 

an inversion model based on a climatologically tuned k-R 

relationship and the melting layer model in [12].  
 

 

Figure 1: Experimental set-up on the roof of ISAC-CNR 

in Rome. Circled are the instruments involved in the 

experiment.  

2.2 Laser Precipitation Monitor 

The disdrometer on the roof of ISAC-CNR is the laser 

disdrometer manufactured by Adolf Thies GmbH called 

Laser Precipitation Monitor. Every minute, it records the 

number of particles that fall through its detection area of 

46.5 cm2. The particle diameter classes range between 

0.125 and 8 mm, while the fall velocity ranges between 0.2 

and 10 m⋅s−1. From a drop count matrix, the drop size 

distribution (DSD), and their integral parameters (such as 

the rainfall rate), can be computed. A filter criterion is 

adopted to filter out spurious drops and to mitigate the 

errors due to environmental factors, mainly the wind. In 

particular, the drops with measured velocities outside 

±50% of a given raindrops fall velocity are removed from 

the set. 

2.3 MRR Pro 

MRR-PRO is a K-band (24 GHz), Doppler, FMCW 

profiling radar manufactured by Metek GmbH. It follows 

the older MRR-2 (MRR stands for Micro Rain Radar), a 

device characterized by a relatively affordable price, easily 

deployable and robust so that has been adopted in many 

experimental campaigns for liquid [10] and ice 

precipitation measurements, also in extreme environmental 

conditions [11]. With respect to its predecessor, MRR-

PRO, allows more flexibility in the choice of acquisition 

parameters. In this study the resolution is 35 m and all the 

geophysical retrievals are obtained using the software 

provided by the manufacturer. The first bin is at 120 m 

above ground level. 

 

Figure 2: example of event cumulated rainfall rate 

obtained by SmartLNB, disdrometer and MRR PRO. 

As example, Fig. 2 shows the event-cumulated rainfall 

obtained during 26 December 2021 from SmartLNB, 

disdrometer and MRR-PRO at the lowest reliable bin (i.e. 

155 m above the ground level). Observed is a stratiform 

long lasting (i.e 6 hours) event with almost light 

precipitation (i.e. lower than 10 mm h-1) except for few 

peaks up to 15 mm h-1 recorded by the MRR-PRO. 

Although the different measuring principles and sampling 

volumes, the agreement among the different devices is 

good, in particular for the first part of the event. The 

difference of the total cumulated rainfall at the end of the 

events is mainly due to the different estimation of the peak 

occurred for a few minutes around 13:30 UTC.   

 

3. Vertical variability of precipitation 
 

One of the main assumptions of the Nefocast algorithm [9], 

that allows to retrieve rainfall rate from the values of Es/N0 

recorded by the SmartLNB, is that the precipitation is 

constant along the earth-to-satellite path in the liquid layer 

(i.e., between the SmartLNB and the bottom of the melting 

layer, ML).  

 

Assuming that the variability of precipitation along the 

vertical is like the one along the 41.8° elevation slanted 

path, the measurements provided by MRR-PRO can be 
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useful to investigate the variability of the precipitation and 

the possible influence on the Nefocast rain retrievals. 

 

In this preliminary analysis, three stratiform events 

occurred on 01, 11 and 26 December 2021 have been 

considered. Fig. 3 shows the radar reflectivity factor 

registered by the MRR-PRO along the vertical during the 

latter events, furthermore the height of the bottom (red line) 

and of the top (black line) of the ML have been reported. 

The maximum range of the MRR-PRO is around 4.5 km 

above the ground level. The ML has been detected around 

2 km for two cases study and a bit lower for the third one. 

The variability of the precipitation in the liquid layer is 

evident, in particular for the case study 2 and for the more 

intense phases of the precipitation.  

 

In order to quantify this variability, Fig. 4a shows the 

scatterplot between the rainfall rate at ground (namely R0) 

and the mean value of the rainfall rate within the liquid 

layer (namely above the ML). The best fit lines for the three 

events have a slope that range between 0.5 and 1.5 

indicating a certain difference between the rainfall rate at 

ground and the mean value along the vertical. The case 

study 2 is the one with the highest slope but with the less 

dispersion of the data along the best fit line. In terms of 

error, the Root Mean Square Error (RMSE) values for the 

three events are: 4.9 mm h-1, 0.4 mm h-1 and 0.7 mm h-1, 

respectively. The high values of RMSE for the first case 

study are likely due to the high dispersion of the data. 

However, the Normalized Mean Square Error for the three 

events are below 0.6 (namely 0.56, 0.61 and 0.45 for the 

first, second and third event, respectively). 

 

 

Figure 3: Time series of the reflectivity factor along the 

vertical for three case studies occurred on December 2021. 

Red lines represent the top of the ML, while black lines 

represent the bottom of the ML.  

In the Nefocast algorithm, the signal to noise ratio (SNR) 

in wet and dry conditions are used to obtain the attenuation 

due to the precipitation, Lrain, (namely the one due to drops 

in the liquid layer and melted hydrometeors in the ML) [8]. 

For each instant t, knowing the Lrain, the corresponding 

rainfall rate RLL is estimated by solving the following 

equation 
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where the values of the coefficients (αLL, βLL, αML, and βML) 

are supposed to be constant. In the LL, the Ku-band 

coefficients (αLL = 0.0153 and βLL =1.2531) have been 

obtained from a long time series of disdrometers data 

collected in Rome [9]. In the ML, we set αML = 0.01914 and 

βML =1.1068, as in [12]. Assuming a uniform distribution 

of the rainfall rate, RLL is the rainfall rate at ground, h0 is 

the height of the 0°C isotherm, ��   is the thickness of the 

ML and �� is the elevation angle that for Rome is 41.8°.  
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Figure 4: (a) scatterplot of the rainfall rate at ground vs the 

mean values of the rainfall rate in the liquid layer. (b) as (a) 

but for the attenuation of the precipitation. 

In order to evaluate the effect of the precipitation 

variability on the attenuation, Fig. 4b shows the scatterplot 

of the Lrain in dB obtained considering RLL = R0 and RLL = 

Rmean, namely the mean value of the rainfall rate below the 

ML. The obtained slopes of the best-fit lines are similar to 

the ones obtained for the rainfall rate comparisons (Fig. 

4a). The RMSE are 0.70 dB, 0.02 dB, 0.07 dB, respectively 

for the three cases study, while the errors in terms of 

NMAE are less than 0.75.    

 

4. Conclusions and future prospective 
 

As follow up of a previous study presented in [8], this 

summary paper presents a preliminary analysis aimed at 

investigating the effects of the rainfall variability on the 

estimation of rainfall rate from Earth-to-satellite link 

measurements. The analysis was possible thanks to the 

recent installation of an MRR-PRO collocated with the 

SmartLNB and the disdrometer on the roof of ISAC-CNR 

in Rome. Preliminary results show that, within a stratiform 

event, the vertical variability of the precipitation can be 

relevant with a difference between rainfall rate at ground 

and the mean rainfall rate below the melting layer up to 

60%. Similar differences are obtained in terms of Lrain, 

namely the attenuation due to precipitation considered in 

the Nefocast algorithm to estimate rainfall rate. Further 

analysis is needed in order to better quantify the effects of 

the precipitation variability on the Nefocast estimates and 

to consider more case studies that cover different type of 

events. In that regard, within the Insiderain project a multi-

satellite rain sensor [3] will be installed on the roof of 

ISAC-CNR and will provide further data to investigate the 

performance of the retrieval of precipitation from Earth-to-

satellite links. 
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