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The need for better short-term rainfall forecasts

* Need for accurate and timely short-term rainfall forecasts to
ensure early flood warning

* Numerical Weather Prediction (NWP) often not sufficient on the
short term:

— Update frequency of issued forecasts is too low, especially for
convective events

— Events are forecast, but not at the right location
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Seven bodies found near France-Italy
border after 500mm of rain fallsin 10
hours

Torrential rains sweep away houses and roads, and 21 people are
reported missing
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A short Iintroduction to nowcasting

A tool you probably use every day!

oy

T 0PI UL ey

The 24-58- 200 02 2090 ST

N
I3
A . -
Hamburg Rostock: »
° .3 DR D N
. M Ve
Bremen
Hannover  "C 5 L "0 e o
) .t
Brockene By e i i 97
?J‘. e 2 % - - ‘,
e eKahler'Asten : \Leipzig e T
. .gKoln ’ Dresden
° rr
Frankfurt MR e ey g &
L { . ."T.
£ G Nurnberg .
SSaarbriicken
. :
& s Stuttgart Keas ; :)’ DWD - = - - o
T NS v
7 R M T y 3
Mo 20.09.21 07:10 Uhr & @B NR =T -

Source:
https://www.dwd.de/DE/leistungen/radarbild_film/radarbild_film.html

Deltares

A short introduction to nowcasting



A short Iintroduction to nowcasting

« Step 1: derive the motion of the rainfall fields
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Source: Pulkkinen et al., Geosci. Model. Dev., 2019
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A short introduction to nowcasting

» (Possible) step 2: what can we do with the development of the rainfall field over time?

STEPS (Short-Term Ensemble Prediction System):
Decompose the precipitation field into a multiplicative
cascade, each level denoting a different spatial scale
and treating each level differently

Towards an ensemble;

« Temporal evolution of rainfall field with 29 order
auto-regressive process.

 Perturbations with correlated Gaussian random
fields to take into account uncertainty.
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A short introduction to nowcasting — The nowcast

Vector field Optional: take Interpolate the
; Extrapolate
prg/?cr)rlljs _r%f(fjar deve]c Ilg:odment raitr(w)f?lljltg reelds rg rS| ;!LSa}OgEihde
Images into account structure
[t-n] until [t=0] [t+1] until [t+n]
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Statistical extrapolation
and processes

~

Rapid forecasting

Absence of physical
growth/dissipation
processes

A short introduction to nowcasting



A short introduction to nowcasting

C )
Statistical extrapolation
Vector field Optional: take Extrapolate Interpolate the _ and pBssEes
prg?ig]ug _riA(rj ar devgllg:odment ra[[réf?lljlt:‘j ;aéds rg I’SI g!fafogﬁihde r N
images into account structure Rapid forecasting
/ Absence of physical
Perturb: T p yt'
* Noise field L ISSIpation
«  Vector field processes
[t-n] until [t=0] [t+1] - [t+n]

Deltares

A short introduction to nowcasting



14 March 2021 18:35
UTC

Observations

Nowcast
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How skillful is nowcasting for rainfall and
hydrological predictability?



What skill can we expect?

Forecast skill

\ \ \ Climatology

After: Germann et al., J. Atmos. Sc., Time >
2006
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What skill can we expect? — Some conclusions based
on a study with >1500 rainfall events

Skill was found to depend on:

1) Event type and duration: Increasing for longer events, Max. skilfull lead times range from 25
min (1-h events) to 116 min (24-h)

2) Season: Decreasing skill towards summer

3) Location: Increasing in the downwind direction

What skill can we expect?

4) Catchment size: Increasing with larger catchment size
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Hydrological
predictability
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Consistency of the discharge peak forecast

Increasing model

complexity
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a) 14.0 - Example for Hupsel Brook on 13 December 2017
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Operational implementations and possible
applications



B s

Operational Delft-FEWS system for the Regge and

Dinkel, the Netherlands
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Application in Delft-FEWS by Environment Agency, UK

[EX] IMFS Delft-FEWS Prototype 07 Production (September 2020) (Operator Client)
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Regional flood warnings in Switzerland based on
nowcasting

— Warning level Frequency distribution of the ensemble
HW-Jahrlichkeit HW-Warnklassen
. 2 3% > HQ100
Il v Flussgebiete ﬂ\
[0 v Landkreise 2 10% > HQ10 und 30% > HQ2
= [V Hauptaewasser N 2 10% > HQ5 und 40% > HQ2
2 25% > HQ5 und 50% > HQ2
2 60% > HQ2
3 15% > HQ100
3 50% > HQ10 und 75% > HQ5
3 25% > HQ30 und 100% > HQ5
3 75% > HQ10
keine Informationen 7‘
B geringe Geféhrdung ‘
mafige Gefahrdung
' [0 mittlere Gefahrdung 5 50% > HQ100 und 75%
B 20-50 B hohe Gefahrdung
W 50 - 100 M sehr hohe Gefshrdung 5 ‘ 25% > HQ200 und 100% > HQ65

5 75% > HQ100
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Towards better rainfall and hydrological forecasts up to
6 hours in advance

Blending ensemble nowcasts with Numerical Weather Prediction models

A study together with Royal Meteorological Institute, Belgium and Bureau of Meteorology, Australia



Forecast skill

Why we have to try to get the best out of both
forecasting methods (nowcasting and NWP)

STEPS forecast at 2021-07-14 14:05:00
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Linear blending: the easiest implementation

Linear blending weights Blended forecast at 2021-07-14 14:05:00 (version 3)
I, LA
= \Weight nowcast == Weight NWP o 27 { -
100 '
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0 0.40
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STEPS blending in the open-source pySTEPS

package

» Blending per cascade level (spatial scale)

« Blending weights based on initial skill of radar rainfall nowcast and NWP at issue time forecast
Blended
Forecast
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Source: Pulkkinen et al., Geosci. Model. Dev., 2019
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Blending in the open-source pySTEPS package:
planning

Implementation of linear blending

Implementation of original STEPS blending scheme

— Working — Final checks in progress

Utilities for operational implementation

Blending multiple NWP models with the nowcast

— Finalization end of 2021; followed
by a test case and a paper

Possibly: relocate wrongly located NWP rainfall fields
prior to blending

Blending with NWP

24



Nowcasting products by DWD

« KONRAD (KONvektive Entwicklung in RADarprodukten): a nowcasting system that is especially
suited for thunderstorms

» Recent blending product SINFONY (Seamless INtegrated FOrecastiNg sYstem)
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Open challenges

 Ensemble nowcasting for impact-based decision making
- How do we go from (ensemble) nowcasts to impact?
— How to deal with the probabilities in the ensemble?

* Where to put thresholds and warning levels in the early warning system?
* Real-time water level control based on nowcasts
* Biases in the radar composite

« Would it be useful for people on site during (potential) flood conditions to get direct and frequent
updates of forecast rainfall, discharge and water levels? Who should provide this information?
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Contact

< Ruben.Imhoff@deltares.nl

Thanks to Lesley de Cruz (RMI, Belgium), Wout Dewettinck (Univ. Gent, Belgium) and Carlos Velasco (BoM,
Australia) for our collaboration on blending nowcasts with NWP




Blending can improve the forecast skill
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Blending with NWP
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Extra info
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Extra info

Simulations for the Aa catchment
4 KGE = 0.93
KGE = 0.36

Discharge (mm d—1)
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