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FROM WIRELESS COMMUNICATION TO WEATHER

Signal attenuation due to environmental
phenomena has always been @
challenge for wireless network design
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RAIN SENSING FROM CML'S SIGNAL LEVEL:
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That's the suggestion of an Israeli electrical engineer, Hagit




FROM WEATHER TO WIRELESS COMMUNICATION
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[1] We investigate the potential of radio links such as employed by commercial cell UO:th%e (UTC1]2 :00 OP%OE(UTC?B:OO
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communication companies to monitor path-averaged rainfall. We present an analy

data collected using two BS-GH.Z links during E|.ght ralnfall E\{ents over a 2-month pt Figure 3 Open in figure viewer ‘ $Powerpoint

(October—November 2003) during mostly stratiform rainfall in the Netherlands.

Comparisons between the time series of rainfall intensities estimated using the rac Time series of rainfall intensities estimated by the two links 0409-0398 (solid line) and 1047-0398 (dashed

links and those measured b}f 3 nearby rain gauge and a composite of two C band line) and those measured by the rain gauge (light gray line) and the radars (rl, see caption of Table 1, dark

weather radars show that the dynamics of the rain events is generally well capture, 5 "® forthe eghtselected events.




The received power levels Foun Konly + GMZ|
of the attenuated channels hold information - = poR2

(e ] about the rain that can be extracted
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o1 PO al Advanced signal processing and machine learning

o1 Algorithms are used to produce accurate rainfall maps
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15—min rainfall depth

No installation and maintenance cosfts

Overeem, Aart, Hidde Leijnse, and Remko Uijlenhoet. "Country-wide
rainfall maps from cellular communication networks." Proceedings of the
National Academy of Sciences 110.8 (2013): 2741-2745.




Global coverage of weather radar

BACKHAUL INFRASTRUCTURE
COVERAGE

Very High

(> 90% of area)

High

(70 - 80%)

Medium

(40 - 70%)

Low

(10 - 40%)

| Very Low
(< 10%)

Coverage refers to estimated outdoor availability
of telecom backhaul connectivity and does not
guarantee service quality or capacity.

Global coverage of cellphone towers

WHAT THE MAP SHOWS

Estimated geographic availability of telecom backhaul infrastructure
using microwave links and tower sites.

Based on location of telecom towers and microwave backhaul links
Microwave link reach: typical 15 - 50 km per hop

Data sources: Global Microwave Database, OpenCelllD, ITU, and
industry datasets (May 2024)

WORLD POPULATION WITH
BACKHAUL COVERAGE "

B VeryHigh 58% $e= 4

High 21%
Medium 8%
Low 6%

B Verylow 7%

Source: Analysis May 2024



Satellite (GPM IMERG)

Rainfall intensity 2019-03-06 10:45:00 UTC
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Lessons learned from 10
years of CMLs experiments
in Africa:

« Patience and
resillience
 Up and downs

o

W Royal Netherlands

3 Meteorclogical Institute
Ministry of Infrastructure
and Water Management



Wireless Communication for Good?

Numerous R&D groups have
advanced the proof of concept

locally, but still its operational use is

limited.

|ldentified challenges include:

« Barries from the NMOs point of

view

« Barries from the end-users' point

of view

What is done to deal with these

challenges?

ot e b

AIT === Rainfall observation using commercial microwave links (CMLSs):
B SMHI An overview of ongoing projects around the globe

Netherlands (overeem@knmi.nl)

CML-based rainfall map
for Amsterdam

Years of CML data from
T-Mobile NL

via ftp (1 h -1 d delay) _
Up to thousands of
CMLs

Min/max RSL 15 minor ~  *|
inst. RSL 15 min -

R

+ Open source code CML rainfall retrieval

o it Conereen AN 0
2.5 years of country-wide rainfall maps

g o) O R ses
Overview of CML rainfall estimation
o 010 1002402 208

Brazil (overeem@knmi.nl)

+ 3 months of CML data from TIM for Sdo Paulo

+ Afew hundred CMLs
Min/max or only min RSL every 15 min
Processing challenges due to mixed quality of

metadata
s 00101910 S1B8ami 48652018

Map of CMLs in for Sao Paulo Curnulative city-avérage rainfall depth

Burkina Faso (doumouniaali@yahoo.fr)

+ Number of CMLs: 586 for Telecel mgu

+ Resolution: 1min real time data

+ Partners : ANAM, Telecel,
Telmob, WASCAL, UO1, IDS

time = 2017.07.26
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IPWG 2018, Seoul, 05.11.2018

G y (christian.cl it.edu)

+ 4000 CMLs with 1-min instantaneous data

+ Real-time DAQ via open source software
Do oo 01910 $104/3m1.9.991.2016

+ Open source Python processing toolbox

hipwigithu comipyeominkeyoomink
+ Focus on countrywide real-time rainfall and
application in hydrology

RAsoLN R
17.08.31 0590

s
2017.0831 0300 201

Hourly CML rainfall
vs gauge adjusted
radar product
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Robust relation between
observed attenuation an rain rate

Cameroun and Niger (marielle.gosset@ird.fr)

+ Data in Niger/Niamey since 2016
+ Real-time rainfall maps in Cameroun since 2018

« Flux of real-time raw data at 15
minute step (min/max/mean)

- Based on Orange SAM Network
Monitoring System

+ Hydrological applications

. . [

Sweden (jafet.andersson@smbhi.se)
remco.vandebeek@smhi.se)
« 10sec data from 364 CMLs

* Operational prototype of 1-min rainfall over
Gothenburg since 2016 (updated hourly)

- Microwave Links Improve Operational Rainfall
Monitoring in Gothenburg, Sweden

iskloesi2017 00249 orsl o gt

« Partners:
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poster

Further countries with
CML data analysis

Israel (messer@eng.tau.ac.il,
pinhas@post.tau.ac.il)

Country wide measurements from all cellular
providers (since 2005)
« Typical NMS measurements (daily or 15-min)
- Various algorithms for rain mapping
+ CML-derived air moisture and mapping

Rainfall maps from Prefiminary results for GML-
CML (left) vs. Radar (right) based air moisture mapping

Christian Chwala, Hidde Leijnse, Aart Overeem, Remko Uijlenhoet, Hagit Messer, Pinhas Alpert, Ali Doumounia, Frangois Zougmorée, Martin Fencl, Vojtéch Bares, Muhammad Sohail Afzal, Syed
Hamid Hussain Shah, Giacomo Roversi, Pier Paolo Alberoni, Remco van de Beek, Jafet Andersson, Carlo De Michele, Michele D’Amico, Roberto Nebuloni, Marielle Gosset, Harald Kunstmann *
T

Czech Republic (vojtech.bares@cvut.cz)

* 400 CMLs (from three cities)

+ T-Mobile, Czech Republic

+ Collected at At= 10 s

+ Focus on urban hydrology

+ Collaboration with water utilities

Observedand 1

simuleted in- =
sewerrunoff 4 %
from 19 CMLs: &
.
Open e
Rurnoff modeling with CIL data it 6ol 0010 2166/wst 2018.149
Adjusting CNLS wih i gauges: hitoeiGol o105 184/hess.21-617-2017

Italy (carlo.demichele@polimi.it)

- Partners: Politecnico di Milano and CNR
(Consiglio Nazionale delle Ricerche)
Cooperation: SIAE microelettronica,
VODAFONE ITALIA

CML number: 20 (Sondrio) + 100 (Milan)
Time resolution: 15 min G

Number of available CMLS per pivel in
the two experimental areas in Lombardy.
Milan metropolitan area. (bottom left)
and Sondiio Alpine area (upper center)

Tomographic reconsiructon of CML rainfall maps: hiipsiidoicrait 0.1100/L GRS 2016.2614326
Mere info o MOPRAM and publications: i v mopram

Italy (giacomo.roversi2@studio.unibo.it)

Area: Bologna, Parma, Emilia Romagna region
Historical data set: 751 CMLs (15', min/max')Jo
Real-time data: 346 CMLs (1, inst) ®egides ™"
RainBO off-line mode: Maps of rainfall depth
RainBO on-line mode: Rain rate per CML
Software: Rainlink4EMR (based on RAINLINK)




Opportunistic Sensors (OS):
CMLs, SML, PWS

https://opensenseaction.eu/

«OPENSENSE» OBJECTIVES

Wi

The main "OpenSense” objectives are to:

O ensense * Improve the access to continental 05
P observations,
0 et * establish 0S as a widely acknowledged method
PROGENISHC Bl eGpLation capable of providing reliable operational rainfall
Sensing Network ata
(OPENSENSE)
* facilitate the use of the OS data for weather
and hydrological forecasts. | m—— oot
_ continental OS observations .
Py <. ACTION — - .4
_d - ¢ PARTICIPANTS N e T B 9
‘ol ™ Over 100
N 4’,:"r participants.
e The Management
CSO Approval date - 25/05/2021 Commitiee Is
« = formed of 52
Startdate - 13/10/2021 i, A . ik 1 4 Darticipants ﬁ'Dm 3" .'j;r :
I ¥ countries, 16 of '
Enddate - 12/10/2025 which are COST r
s . Inclusiveness Target §
Countries with MC Countries.

Representatives

The 1% OpenSens
in Prague in June
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GMDI Objectives:

- Lower technical barriers for data transfer
- Motivate (financially) MNQOs to share data
- Improve access for end users

ITUEvents

o ) SetGMDI kick-off meeting
2 e S Establishing the global
................................................................................................................ mICrowave Ilnk data .
SMHI collection initiative
o 26 November 2025 =
................................................................................................................ G , -
Telefdnica -« - -Mobile- 'ﬂ OpenSense @
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GMD I Global Microwave Link C coskE - Funded by
Data Collection Initiative EUrRDPEAN COOPERATION the European Hinion

Home About ‘ Pilot studies GMDI-CAP system ‘ Governance

SetGMDI - A founding project
of the Global Microwave link Data Collection Initiative




Current GMDI status

GMDI Pilots with real data

. . Country Operator Data characteristics
GMDI Pilots with real data | ==
Czechia T-Mobile Real-time, dt =1 min =
GMDI-CAP system prototype ready
Germany Telefonica Real-time, dt =15 min
]
ITUR i
eport In progress Ghana AT Ghana Real-time, dt =15 min
Orange . . . '
Cameroon Historical, dt =15 min
Cameroon
. . . il
Italy Lepida Real-time, dt=1 min

SetGMDI Stakeholder Workshop — First Results
& Community Building SetGMDI

Workshop
Please save the date for the SetGMDI Workshop, to be held on Monday,
22 June 2026, at the Royal Netherlands Meteorological Institute (KNMI) 22 June 2026,
in De Bilt, the Netherlands.

the Netherlands

Mobile network operators share pilot case study experience. Discussion with
national weather services, water industry, hardware vendors, and international
authorities (WMO, ITU) on next steps toward GMDI.




The data collection and processing (CAP) system -

provides a scalable central solution for handling CML data from a large number of data providers

G/VDI

Global Microwave Link
Data Collection Initiative

With our platformyou |
can access rain data

Bonns

HESSE
with a single click P
FRANKFURT=
RHINELAND-
PALATINATE
- eases data oK wirzburge
transfer from i, M
MNOS . Saarbriicken=
- provides MNQOs e
back weather-
aware analytics [CML ID | 88046_88049_3095 - ] [lmervau@ Auto ~ ]

- Converts data

CML Time Series - Received Signal Level
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Toward ITU report/recommendation

Radiocommunication Study Groups

Source: Document 5C/TEMP/135 Annex 1.7 to

Document 5C/271-E
3 December 2025
English only

Annex 1.7 to Working Party 5C Chair’s Report

WORKING DOCUMENT TOWARDS PRELIMINARY DRAFT NEW REPORT
ITU-R F.JOPPORTUNISTIC WEATHER MONITORING]

Fixed wireless link performance data collection for
opportunistic weather monitoring



GMDI NEXT STEPS

+  Founding GMDI as a legal entity with Join us in converting
two branches: '
. Research & development holding data nefwork S'gnal .
archive | measurements into
. Business providing data to paying .
customers and giving back part of the pUbI’C gOOd

revenues to MNOs

Web: https://gmdi.eu/

' Email info@gmdi.eu

* Continuity of data flows beyond SetGMDI
* Faster upscaling than universities allow
* Business-driven relationships with MNQOs oa

and end users
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