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One man's noise-is another. man's signal

(NOAA)

,It IS commonly assumed that weather radar was a
byproduct of military necessity in World War I1“




Urban catchments - heavy rainfalls ~gbservations

e Despite the advances in weather
radar technologies and merging
techniques, accurate estimation
of precipitation is a remaining

challenge
o Especially for convective rainfalls



Urban catchments '-.heavy-rainfal.lsf-'f't:)bservations

Deficits are pronounced in:
o urban hydrology with high demands on
spatial-temporal resolution

§ - Denmark (5 min) - The Netherlands (10 min)
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Urban catchments - heavy rainfalls ~gbservations

Despite the advances in weather
radar technologies and merging
techniques, accurate estimation
of precipitation is a remaining

challenge
o Especially for convective rainfalls

Deficits are pronounced in:
o urban hydrology with high demands on
spatial-temporal resolution
o low-iIncome countries with missing
monitoring infrastructure

Radar coverage

Saltikoff et al., 2019, BAMS




Urban catchments - heavy rainfalls--‘obser atin~=

-,

IR H

= | e
o 5 gL
wall A ‘

\

New rainfall opportunistic data sensors p—
which f ¢
= . 0 ; ‘
e are sensitive to rainfall @ 4
.
, : 3 . ”
e provide near-ground observations @ |-
o
e have high spatial density @ : <
\
e are accessible in near-real time @
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Opportunistic rainfall sensors ,o'f.irj't"e;rest

“Sensors or devices that were not designed/installed for the
purpose of large-scale rainfall monitoring but can be used for”

Personal weather stations

YY)

E_QQ«

PWS

Method Volumetric measurement

Dimension Point
4

Commercial microwave links

Site 1

YY

Sub-link 1

Sub-link O

MW attenuation - rainfall

Horizontal path average

Site O

Satellite microwave links

Site 1
Satellite

*

Uplink ! 4
: Downlink Rain
Site 0 Height

MW attenuation - rainfall

Inclined path average
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Spatial coverage cou ntry.-wi,deCM'l-__...;

Olsson et al, 2025, AR, in review
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Olsson et al, 2025, AR, in review

Spatial coverage cau ntry.-wi,deSMt._;

SML, Southern France
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Fencl et al, 2025, in preparation
(source: HDRain https://www.hd-rain.com )



https://www.hd-rain.com/
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Fundamental challenges in oS 3

Variable sensitivity to rainfall
Variable density of sensors
Point x line observations

Private ownership



State of the art prior the OpenS,ensé._— "ex'ample CML

Rainfall for Adjusting Al based
developing weather merging with o
countries radar satellite data Promising results

Spatial
reconstruction
(rainfall maps)

BUT.....

Proof of _ gﬁ,,uLng;?;ﬂe Runoff Observing water
concept, first modelling vapor, fog, ...
time series maps



State of the art prior QpenSense — _éx_a_r'njijle CML

Spatial Rainfall for Adjusting Al based
reconstruction developing weather merging with o
(rainfall maps) countries radar satellite data Promising results
2006 2012 2018 now BUT .
Proof of . gﬁﬂul_n:g;]\;v;ﬂe Runoff Observing water
concept, first modelling vapor, fog, ...
time series maps

e No open access to large scale data sets
e Low interoperability of data and codes

e Questioned reproducibility of
processing methods

. e Diverse quality assurance




State of the art prior QpenSense — _ex_amﬁle CML

Spatial Rainfall for Adjusting Al based
reconstruction developing weather merging with
countries radar satellite data

(rainfall maps)

2006 2012 2018
Proof of Country—wide Runoff
concept, first CML rainfall modelling
time series maps

e Small research progress

e Difficult upscaling of DAQ, processing
chains and data usage

e Low acceptance by end users

now

Observing water
vapor, fog, ...

-

Promising results

BUT.....

Y

No open access to large scale data sets
Low interoperability of data and codes

Questioned reproducibility of
processing methods

Diverse data quality assurance




OpenSense

Opportunistic Precipitation
Sensing Network
(OPENSENSE)

https://opensenseaction.eu/

OpenSense mission Connect stakeholders

Hydrology & meteorology

Radio-wave propagation

Signal processing
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Connect experts

Telecommunication

OpenSense members

* Researchers from academia

« EUMETNET + 8 European NHMSs

«  GSMA + mobile network operators + hardware vendors
« Consultancy companies

Action selected and supported
by European Commission to:
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Data and metadata standards-for CI_\/IL_, S1\/IL and PWS

e Defined a standard for data storage and naming

conventions
o CML, SML, PWS
o NetCDF format
o metadata description 9pen.ReseirChFur°pimfm

Horizon 2020, Horizon Europe and Euratom funding across all subject areas. ﬂ BB Covrennes

LETTER » Open Res Eur. 2024 Feb 13;3:169. Originally published 2023 Oct 10. [Version 2] doi: 10.12688/

openreseurope.16068.2 4

» Other versions

Data formats and standards for opportunistic rainfall sensors

Martin Fencl 13, Roberto Nebuloni 2, Jafet C M Andersson 3, Vojtech Bares 1, Nico Blettner #5, Greta Cazzaniga ®,

Christian Chwala 4, Matteo Colli 7, Lotte de Vos 8, Abbas El Hachem ?, Charles Galdies 19, Filippo Giannetti 11,

Maximilian Graf %%, Dror Jacoby 12, Hai Victor Habi 12, Petr Musil 13, Jonatan Ostrometzky 12, Giacomo Roversi 1415,

Zheng 12.18

Fencl et al, 2024, ORE



e OA datasets with CML, gauge and radar data

o OpenMRG (city of Gothenburg, Sweden) Andersson et al.

(2022) https://doi.org/10.5194/essd-14-5411-2022

o OpenRainER (Emilia-Romagna, Italy)
Covi and Roversi (2024)
https://doi.org/10.5281/zen0do.10593848

o Four-year commercial microwave link dataset for the
Netherlands
Overeem et al (2024)
https://doi.org/10.4121/be252844-b672-471e-8d69-
27269a862ecl.vl

o In preparation country-wide data sets from
m  Germany (7-years)
10 m Czech Republic (6 months)
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OpenRainER
CML dataset from Emlia-Romagna (Italy)



https://doi.org/10.5194/essd-14-5411-2022
https://doi.org/10.5281/zenodo.10593848
https://doi.org/10.4121/be252844-b672-471e-8d69-27269a862ec1.v1
https://doi.org/10.4121/be252844-b672-471e-8d69-27269a862ec1.v1

Bl Country-wide % Regional [ Sample

e P

e Other internal OpenSense datasets — CML, SML,
PWS

0 CML OpenSense datasets in Europe


https://doi.org/10.5194/essd-14-5411-2022
https://doi.org/10.5281/zenodo.10593848
https://doi.org/10.4121/be252844-b672-471e-8d69-27269a862ec1.v1
https://doi.org/10.4121/be252844-b672-471e-8d69-27269a862ec1.v1

Software and codes.homogenization and .be’nihmarking

e Review of existing implementations

e Joint development of:

o poligrain
o Simplify common tasks for working with point, line and
gridded rainfall sensor data
o https://github.com/OpenSenseAction/poligrain

o pycomlink
o Processing methods for CML rainfall estimation
o https://github.com/pycomlink/pycomlink

o) pypwsqc
o Quality control methods for PWS data
o https://github.com/OpenSenseAction/pypwsqgc

o mergeplg
o Merging of point line grided data sets using different
methods
o https://github.com/OpenSenseAction/mergeplg

11

poligrain
0.2.2.post6.devO+7
29cf46
documentation

GETTING STARTED

12]: plg.plot_map.plot_plg(
da_grid=ds_rad.rainfa

rainfall_amount

]

Chwala et al, 2025, in preparation
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https://github.com/OpenSenseAction/poligrain
https://github.com/pycomlink/pycomlink
https://github.com/OpenSenseAction/pypwsqc
https://github.com/OpenSenseAction/mergeplg

Software and codes. homogenization and .be’nﬁhmarking

e Example of intercomparison of CML processing methods
o Comparison of wet antenna correction methods
o Using OpenMRG and OpenRainER dataset

Pwaa 7 E . T . E .

? b)l—-.@'-—ﬂ

}_‘ﬂ"- I [—,‘-—&n'.--m' N {
Lwaa T 7 . ca 1
—er ) —r —
S - -
| ) ) : N . Bias depending on
N ' l ' | : WAA methods
W#w"-ﬁ"-r:‘- et .. I—-**‘-merm. Voo on $0 *4—
-100 -50 0 50 100 150 200 250 300 -100 -50 O 50 100 150 200 250 300
bias [%] bias [%]

12 Graf et al, 2025, in preparation



Merging weather radar with OS data. | o o

Subdaily and event scale merged product Yo, 8 MF8 merging ” o, 6rMMB merging

NSE =0.77 NSE = 0.86
R =

RMSE = 1.9 mn

3 =
. £ gy £ = 0 !
The study region: North Eastern Zealand, Denmark 2 o] Ppihs=2 B gl PEUE-gpS
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£ study region Nielsen et al, 2024, AR

13



Merging and

CML city rainfall maps in Africa 3 applications

Ouagadougou, Burkina Faso — high resolution rainfall map 5 min

12.450

12.425 A
12.400
12.375 4

w

°

=

% 12.350

12.325 4

12.300 1|

Djibo et al, 2023, JHM
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Merging and

applications

. . . . . ] =
Ouagadougou, Burkina Faso — high resolution rainfall map 5 min _®
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16 Djibo et al, 2023, JHM



Merging and

CML city rainfall maps in Africa 3 applications

Lagos, Nigeria — high resolution 15 min

Rainfall intensity 2019-03-06 10:45:00 UTC

Satellite (GPM IMERG)
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0
CMLs interpolated
80

74%

o Droste et al, 2021, EGU
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e Deutscher WetterDienst

(@)

Weather radar adjustment with commercial microwave links: the
HoWa-PRO project

Quasi-operational test of pyRADMAN

RAD+CML comparable to RADOLAN-RW with significantly shorter
latency

Started market survey to potentially acquire CMLs on a long term basis

e MeteoFrance

(@)

18

19 months of continuous data, = 4500 links at each time step (> 5300
different links)

Comparison between standard Antilope, classic Antilope+CML and ML
Antilope+CML versions, with or without radar calibration in the merging

Operationalization-of precipitation’products

https://howapro.de



https://howapro.de/

Operationalization-of precipitation’groducts

lOT piIOt prOjeCt data access Providers and coverage of PWS

data access for the Pilot Project

Data provision (free of charge for Pilot Project):

* Met Office for WOW data (mostly UK,
Ireland, Belgium, Netherland).

 DMI for smartphone pressure data
(mostly Denmark).

* Netatmo data for 14 countries
» MeteoNetwork (Italy).
* [nfoClimat (France).

19



Take home messages and community achievements

o Opportunistic rainfall sensors can improve rainfall observation especially
In short temporal and spatial scales and in low income countries

o Benefits for operational urban hydrology and runoff predictions

e Significant community achievements in OS data and codes
iInteroperability and reproducibility

e Ongoing usage and operationalization of OS data by NHMSs

Upscaling of CML global data collection remains a challenge

20



The Global I\/chrowave link Data Collectlon Initiative

. (GMDI) -

— Solve CML data accessibility issue via the
“Global Microwave Link Data Collection Initiative” (GMDI)

,—-.-\

\ K

7

fr‘__@ OpenSense

\A‘-‘/

+ EUMETNET, NHMSs, MNOs, Hardware vendors

21



Jj International Conference
on Opportunistic Sensing
of Precipitation - OpenSense

Final Conference of European COST Action CA20136 OpenSense

Offenbach, Germany
June 25-26, 2025




The study region: Ahr Valley 2021, Germany, DWD

radar only rainfall map radar+rain gauges radar+cml radar+rain gauge+cml
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Fundamental challenges in .OS. 3

o Variable sensitivity to rainfall

German CMLs Czech CMLs
4 i Detection limit Detection limit
- 80<|: 0.1 mm/h 80 0.1 mm/h
o Increasing [ yp— ~--- 0.5 mm/h
T sensitivity Infinite number of sensor types —==- 1 mm/h
©) N 60 ---- 2 mm/h N 60- ---- 2mm/h
: S <)
> - : : =
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>
Length [km] % T % % % 0 20 0

6 Length [km] Length [km]



	Snímek 1
	Snímek 2
	Snímek 3
	Snímek 4
	Snímek 5
	Snímek 6: Urban catchments - heavy rainfalls - observations 
	Snímek 7: Opportunistic rainfall sensors of interest
	Snímek 8: Spatial coverage global
	Snímek 9: Spatial coverage country-wide CML
	Snímek 10: Spatial coverage country-wide SML
	Snímek 11: Fundamental challenges in OS
	Snímek 12: Fundamental challenges in OS
	Snímek 13: State of the art prior the OpenSense – example CML
	Snímek 14: State of the art prior OpenSense – example CML
	Snímek 15: State of the art prior OpenSense – example CML
	Snímek 16: Joint action
	Snímek 17: Data and metadata standards for CML, SML and PWS
	Snímek 18: OA datasets
	Snímek 19: OA datasets
	Snímek 20: Software and codes homogenization and benchmarking
	Snímek 21: Software and codes homogenization and benchmarking
	Snímek 22: Merging weather radar with OS data
	Snímek 23: CML city rainfall maps in Africa
	Snímek 24: CML city rainfall maps in Africa
	Snímek 25: CML city rainfall maps in Africa
	Snímek 26: Operationalization of precipitation products
	Snímek 27: Operationalization of precipitation products
	Snímek 28: Take home messages and community achievements
	Snímek 29: The Global Microwave link Data collection Initiative (GMDI)
	Snímek 30: Save-the-Date
	Snímek 31: Merging weather radar with OS data
	Snímek 32: Fundamental challenges in OS

