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(McCabe et al., 2017)

Data revolution

• In situ monitoring

• Ground-based remote sensing

• Spaceborne remote sensing

• Citizen science

• Opportunistic sensing



Let’s consider rainfall…



(Overeem et al., 2024)

(~11,000 GTS gauges; ~32,000 GPCC gauges)



(Overeem et al., 2024)

(~1,300 radars; 200 km range markers)



(Overeem et al., 2024)

(~5 million commercial microwave links)
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(International Telecommunication Union, 2021)



(Photo AFP / HO / UN World Food Programme)

How to reduce Africa’s undue exposure to climate risks
Africa is disproportionately exposed to catastrophic climate, hydrological and 
meteorological risks. Well-funded weather monitoring, nowcasting and early-
warning systems must become a priority.                                      (Tzachor et al., 2023, Nature) 





Trans-African Hydrometeorological Observatory (TAHMO)

(Van de Giesen et al., 2014)

(~600 stations deployed)



Microwave links as opportunistic rain gauges

(Overeem et al., 2013, in collaboration with T-Mobile NL; currently Odido)

T-Mobile radio links 

© antennekaart.nl

Comparable results for Israel, Sweden, Germany, Czech Republic, France…





Rainfall maps for Sri Lanka from links and satellite

(Overeem et al., 2021, in collaboration with GSMA and Dialog)

> 1000 microwave links GPM rain radar



Nigeria link network

• ~12,000 link paths 
(MTN Nigeria)

• Apr–Oct 2020
• NiMet: 12 gauges, 

hourly data
• Strong N-S rainfall 

gradient

(Ashaku & Majid, 2010) (Droste et al., 2024, in collaboration with GSMA and MTN)



8500 microwave links

GPM radar + radiometers

(Van Leth et al., 2019, in collaboration with GSMA and MTN)

(Gosset et al., 2016)

Raincell Africa Training School – Burkina Faso, 2015

Comparable results for Cameroon, Kenya, Burkina Faso (, Ghana, Rwanda, …)

Rainfall maps for Lagos (Nigeria) from links and satellite



(Van Leth, 2018)

(Overeem, 2015)

Urban rainfall experiment



▪ Scintec BLS 900 NIR scintillometer

▪ Nokia 38 GHz (former operational 
T-Mobile link)

▪ RAL 38 GHz dual-pol differential 
phase link

▪ RAL 26 GHz link

▪ 1-min time lapse cameras

▪ All signals logged at 20 Hz

FORUM BIOTECHNION

(Van Leth, 2018)



BIOTECHNIONFORUM FORUM

NVWA

Précis Mécanique raingauge (Van Leth, 2018)

(courtesy of A. Berne, EPFL)

Parsivel disdrometer



(GSMA, 2023)





https://opensenseaction.eu/

https://opensenseaction.eu/
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Related presentations at EGU 25

Other environmental variables: fog, smoke, evaporation, …



(Mercier et al., 2015)

Rainfall fields from broadcast TV satellite links

(hd-rain.com)



Citizen science: personal weather stations

(De Vos et al., 2019)

(several 100,000 globally)



Smartphones as opportunistic downtown thermometers

(Overeem et al., 2013)
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(+ Mobile Network Operators and their staff on the ground)
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