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Extreme Rainfall Impacts

Intense rainfall causes increased losses due to flash floods, landslides and soil erosion

In turn taking a huge toll on:

• Lives

• Livelihoods (crops and cattle, business)

• Infrastructure (roads, utility network, cities)

• Economy: Cost of e.g. 2007 floods alone in Rwanda 

was $22 million (0,6% of GDP)

• Agriculture: crop damage and soil loss for future 

generations



Extreme Rainfall Impacts

Impact of extremes expected to increase over next decades due to climate change

Stockholm Environment Institute

Finney et al 2020
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Rainfall can be measured with rain gauges, radar and satellite

• 180 automatic (AWS) and 180 manual stations in Rwanda

• Accurate measurements.

• Can be in real-time (AWS).

• Up to 10 minute sampling frequency for AWS.

• Fairly cheap to buy.

• Still lots of storms missed due to 

sparse point measurements.

• Expensive to maintain the quality of the 

network due to required site visits to 

remote stations.

• Many stations are manual with only 

daily reporting.

Meteo Rwanda



Need for Better Rainfall Monitoring

Rainfall can be measured with rain gauges, radar and satellite

• 1 radar installed in Rwanda, 4 more on the 

way near each regional airport.

• Reasonably accurate measurements.

• Real-time.

• 5-15 minute sampling frequency.

• Great spatial coverage.

• Expensive to obtain and maintain.

• Signal quality degrades with distance from 

the radar due to beam broadening and 

attenuation.

• Frequent blocking of the signal due to 

mountains and other obstacles.

• Not direct measurement: need for calibration 

of reflectivity – rainfall relation (sensitive to 

drop size distribution ~D6).

Maniraguha et al. 2021



Need for Better Rainfall Monitoring

Rainfall can be measured with rain gauges, radar and satellite

• Fairly low accuracy, with wide large spread between 

different products and generally underestimation of 

extreme precipitation.

• Fairly low spatial resolution (about 10 km).

• Best quality products often not available in real-time 

(GPM-final).

Ageet et al. 2022

• Several products 

available.

• Good spatial 

coverage.

• Up to half-hourly 

sampling 

frequency.

• Freely available.

Ageet et al. 2022



Commercial Microwave Links

Additional information can be obtained from microwave links from telecommunication

Mobile phone communication:

• Phone ↔ Communication tower: 1-2 GHz: little attenuation.

• Between communication towers: 10-40 GHz: Significant 

attenuation from rain. ത𝑅 ≈ 𝑎ത𝑘𝑏
R=rain rate, k=specific attenuation | a and b = calibration constants | 

P=power received and P0=reference power | L=length of the link

𝑘 = 10𝑙𝑜𝑔 𝑃0𝑃𝐿

GSMA 2023



Commercial Microwave Links

Additional information can be obtained from microwave links from telecommunicationത𝑅 ≈ 𝑎ത𝑘𝑏

GSMA 2023

𝑎
𝑏

Overeem et al. 2016

France

Kenya

Kumah et al.  2020

Chwala et al.  2019



Commercial Microwave Links

Chwala et al. 2019

Data is available from the network management systems from telecom operators



Commercial Microwave Links

Rainfall can be measured with rain gauges, radar and satellite and microwave links

• Real-time.

• 15 min sampling frequency.

• Great spatial coverage.

• No blocking (direct line of sight).

• Cheap (infrastructure available).

• More accurate retrieval than radar 

due to linear rain rate – attenuation 

relation.

• Data access not always straightforward (negotiation 

telecom operators).

• Transmitting power sometimes variable (automatic 

transmit power control).

• Microwave absorption due to fog or water vapour can 

contaminate signal (as with radar).

• CML increasingly replaced by fiber-optic cables.

Uijlenhoet et al. 2018



Commercial Microwave Links

CML for rainfall monitoring now applied in an increasing number of countries

Uijlenhoet et al. 2018



Example: Netherlands

Pioneering project about 10 years ago: currently climatology of several years of 

thousands of links from T-Mobile

Imhoff et al. 2021
Overeem et al. 2013



Example: Sweden

First country with operational real-time CML rainfall monitoring system (Ericsson Hi3G)

Very high-resolution urban rainfall 
monitoring for real-time drainage 
modelling in Gothenburg

Andersson et al. 2017



Example: Sri Lanka

1140 links compared to rain gauge and satellite data (Dialog Sri Lanka via GSMA)

Overeem et al. 2021



Example: Burkina Faso

CML data acquisition system in place since 2017 between Telecel Faso and LA.ME 

university of Ouagadougou: Direct access to CML IP addresses using SNMP protocol

Djibo et al. 2023



Example: Kenya

Merge information from satellite, rain gauges and CML using machine learning

Kumah et al. 2020

CML

Satellite

Reanalysis



Why Rwanda?

Rwanda is particularly well-suited to implement CML rainfall monitoring

Blumenstock 2012

• Large variability in rainfall: often very extreme during rainy 

season with significant impacts.

• Large population density, increasingly living in cities 

(urban flooding).

• Widespread usage of mobile phones with dense network 

of communication towers (1200 operated by MTN).

• Polarimetric radar in Bugesera (and more to come) and 

automatic rain gauges to validate technique.

• Particular added value to calibrate radars and for gap-

filling in data sparse regions (mountain valleys).



Preliminary Proposed Research Plan – short term

Initially: obtain funding from Flemish Interuniversity Council for Ph.D. student INES

• VLIRUOS supports partnerships between Flemish 

universities and partner countries, searching for 

answers to global and local challenges.

• Together with Rwanda partner university (INES 

Ruhegneri), Meteo-Rwanda and MTN we will apply 

for a TEAM-project, sponsoring two PhDs.

• 2 years at home institution and 2 years at Ghent 

University (in close contact with experts on CML in 

Netherlands and other Belgian partners).

• Deadline for proposal: end of this year (2023).

• Similar project is being negotiated with partners in 

Uganda.



Preliminary Proposed Research Plan – mid term

Ph.D. research will focus on implementation, calibration and improvement of CML

• Set up calibration stations 

(disdrometer, weather sation and rain 

gauges) for a few CMLs in Ruhengeri.

• Set up calibration stations near Kigali 

polarimetric radar as well within line of 

sight of a few CMLs.

• Rainfall mapping, combining CML, 

radar and satellite for whole of Rwanda 

for one rainy season.

• Use rainfall data as input for landslide 

model for Ruhengeri and flash flood 

model in Kigali.

• Evaluate rainfall maps.

• Great multi-stakeholder partnership

academia, private sector and 

government



Preliminary Proposed Research Plan – long term

Hoedjes et al. 2014

Integrate commercial microwave links in operational 

early-warning system for flash floods



CML for rainfall monitoring has the support from GSMA and WMO



Conclusion

• Commercial Microwave Links are increasingly used to monitor rainfall.

• Promising for tropical, mountainous regions with sparse measurements.

• We would like to seek VLIR-funding for 2 Ph.D. students to work on this

topic, in close collaboration with INES, MTN, Meteo Rwanda, Ghent

University (and other partners in the Netherlands and Belgium). Strong

background in mathematics, physics or statistics required.

• Goal is to have an operational system for rainfall monitoring in real-time at

the end of the project.

• Software, raw data and expertise is expected to remain in Rwanda.

• Benefits for all partners at low cost. Long-term commercial/operational

applications with large return on investment.

• Deadline for research proposal end 2023.
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Thank you. We look forward to collaborating 

with INES Ruhengeri, MTN and Meteo Rwanda


