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Stores and fluxes of water on earth
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Rainfall variability over a range of scales
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Map of Europe — according to hydrologists

Hupsel Brook
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Close-up of a river catchment
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Rainfall-runoff processes; design/planning

(Brauer et al., 2011)
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S Hupsel Brook (6.5 km?), 26 August 2010:
nearly 160 mm of rainfall in 24 h (T = 1000 y)
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(Slenaken flash flood 28-29 July 2012)
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(Victoria Roberts, 2000)
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(Heistermann et al., 2012)
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Number of rain gauges rapidly declining
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Microwave links from cell. comm. networkJ

t\7er poorly gauged regions / continents

as poorly gauged, but high c Iluphone density

(Overeem et al., 2013)
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Many more microwave links than gauges
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Microwave links versus radar + gauges
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Microwave links versus radar + gauges

8 Daily local (left) and 15-min regional (right) comparison
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(Victoria Roberts, 2000)
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(Beer-Bouguer-Lambert law of extinction)
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(specific attenuation coefficient, dB km-1)

(rainfall rate, mm h-1)
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(drop size distribution — DSD)

raindrop size distributions for different rain rates

— — —Marshall and Palmer (1948)
= Laws and Parsons (1943)
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(Mie scattering cross-sections)
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(Power-law R—k relations)
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Basic principle: power law R—k relation

Method
Rgsm = ak®

Am = [s k(s)ds = L(k) = Prer — P

b
(Rgsm) =~ a- [M] Reasonable approximation because b ~ 1.

Path-averaged link rainfall intensity (mm h—!)
Attenuation over link path (dB)
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Reference signal level (dBm)

Link length (km)

Coefficients

Specific attenuation (dB km~1)
Path-averaged specific attenuation (dB km~1)

Distance at link path (km)
(Overeem et al., 2011)..
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Rainfall retrieval algorithm

Method

» A 15-min period is wet if nearby links show a mutual decrease
in minimum received powers.

» Correction for signal fluctuations during dry weather.
Reference signal level is determined. Apply filter to remove
outliers.

» Calculate mean rainfall intensity from PS. and PS,. .

C
Amfn — ref — Pmax

Amax: ref_PC

min

(R) = a(Rmax) + (1 — a){Rumin) (3)
Calibrate rainfall retrieval algorithm with daily radar rainfall depths.

A;=23dB 12-day calibration dataset
a = 0.335

b= 0.79 - 1.03 (13-40 GHz) (Overeem et al., 2013; 2015)
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Rainfall retrieval in Rotterdam
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Microwave links versus radar + gauges
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Microwave links versus radar + gauges
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Microwave links versus radar + gauges
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(Victoria Roberts, 2000)
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Uncertainty in mw link rainfall estimation

(Berne and UijIeﬁ-HbeIe;--'ZQdZ;)ﬁ.:]

Mean relative error (in %, left panel) and associated uncertainty (in %, right
panel) between the estimated and the true path-averaged rain rate (the “+”
signs correspond to real microwave links)
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Density and availability of link network
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Link lengths and frequencies

(Overeem et al., 2011) |
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Link orientations and lengths

(Overeem et al., 2011)
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Actual and simulated microwave links

15—min link rainfall depth [mm]
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2015)
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(Victoria Roberts, 2000)
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FORUM BIOTECHNION

i 7 (Vangeth, 2015)
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Rainfall event on August 26t", 2014

30-s average signals and 5th—95t interpercentile ranges

Scintec [dB]

RAL, vertical [dB]
Nokia [dB]
Ott—Parsivel [mm h-1]

—
m
T
el
c
9o
)
©
-
c
3
ot

<

Rain rate [mm h-1]
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Rainfall rates and cumulative rain amounts

Wageningen Biotechnion — Forum; 20140826
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Dew on antennas and rainfall events

Wageningen Biotechnion — Forum; 20140920
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Dew on antennas and a few droplets

Wageningen Biotechnion — Forum; 20140823
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Wet antenna experiment — results

Wageningen Biotechnion — Forum; 20140912
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Time lapse cameras to monitor antennas

r
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What is going on here ??!!

Wageningen Biotechnion — Forum; 20140827
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(Victoria Roberts, 2000)
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Rainfall retrieval in Amsterdam

o

.. 201208301930

LN
bd

e
o
C—
o
=
=
=
—

Al ':.'H_-IJ’u.H- adas!

" duren she
Arde

{5

AMSTERDAM INSTITUTE FOR
ADVANCED METROPOLITAN SOLUTIONS

WHaREHINEEN N RIGER S TY = PP Roval Netherlands Meteorological Institute
WwWaBEMNIMNGENNENR ¢ vests

Ministry of Infrastructure and the Environment




August 30st, 2012
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August 30t", 2012, 19h30
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Comparison of different rainfall sensors as
forcing for Wageningen Lowland Runoff
Simulator (WALRUS)
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Rainfall observations 9-11 Sep 2013
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Hydrological impact Hupsel Brook
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Hourly catchment rainfall for one full year
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Propagation of rainfall errors in catchment
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Sparse coverage of automated rain-gauges Dense coverage of cellular radio base
in Brazil, January, 2011 stations in Brazil , January, 2011
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First measurements on African continent
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