Webinar EUMETCAL:
warning system RMI Belgium

Thomas Vanhamel (vanhamel@meteo.be)
21/12/2023



mailto:vanhamel@meteo.be

Contents of webinar

1. Forecasting at RMI Belgium

* 2. Warnings
* Some history

* Now
* Some statistics & verification results
* Synergies
* Examples + “warning” products

* 3. Flash warnings



1. Forecasting at RMI

e Ostend : Oceanografisch Meteorologisch Station (OMS )
e Maritime forecasts

e Uccle (Brussels) : RMI main site
* General forecasts
* WWarnings
e 2 shifts:

e Day (~7 - 18h) : nowcaster, short range forecaster, medium range forecaster
* Night (~18 - 7h) : nowcaster, short range forecaster



2. Warnings: brief history

* First project proposal 28/12/2001 (“meteo alert”)
* 10 regions (9 provinces + coastal zone)
4 parameters: wind, thunder, rain, ice/snow
* 3 |evels: green, yellow and red
* Internal proces

* Parallel development with EMMA (meteoalarm later on)
* 4 |levels (orange added)
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2. Warnings: now R

4 colors: green — yellow (max 48h in advance) — orange (max 24h in advance) — red (max 12h in

advance)
/

~ —

10 fixed regions (coastal region + provinces (~¥3000 km?))

Terminology:

* very locally ( < 25% of the area => no warning)
* locally (25-50% of the area)
» widespread ( > 50% of the area)

Consensus: about 65% certainty (of the available models if imminent, or aditionally with earlier runs
if still far away)

* |f certainty is lower OR if phenomena are very local => lower color will be used
* Borderline situations: sometimes time of day / day of week / other elements will determine the color



Parameters (8) :

* Cold (5 days)
* Heat (5 days)
* Wind

* Rain

* Thunder

* Slippery conditions: black ice/freezing rain or wet snow; foar frost or freezing
moisture; frozen surfaces (rain or other that will freeze later on)

* Fog (no red warning)
* Storm surge



2. Warnings now

* Based on thresholds (some fine-tuning along the way)

* No expertise / knowledge base on potential impacts, therefor we
have:
* Frequent contacts with regional hydrological services (rain/snowy/...)

* Frequent contacts with regional road agencies (road monitoring model)
(snow/slippery conditions)

* Regular contacts with federal health agency (heatwaves/coldwaves)
 Offer a (paid) service to large outdoor events



20-30 mm/h OR

Yellow: 48h in advance  f" R

25-50 mm/24h

" ” '/ Wind 70-90 km/h (summer) — 80-100 km/h
 “Be careful 4 (winter)
Thunder Same as rain; locally heavy gusts; hail
stones 1-2 cm
* |ssued by forecaster lce/snow  1-5 cm fresh snow in 6h OR

5-10 cm fresh snow in 24h OR
Local freezing precip/ice

* Text will summarise the Fog \LAéicdanpr-esaj Ve <= 200m OR
E . Yy Vi =
expected weather + mention if

f di b Heat Heat wave OR Tmax >= 32°C
Sl to orange/re Is to be Cold Cold wave OR Tmax <=-3°C
expected

Storm surge 5.6-6.2 m TAW (Ost) or 6.6-7.2 m TAW
(Ant)



Orange: 24h in advance
‘]'

* “Be ready”

* [ssued by forecaster + contacts with
diff. services

* Contacts with neighbouring
countries (sometimes)

* Text will summarise the most likely
weather + sometimes also diff.
scenarios (worst case)

Rain

Wind

Thunder

lce/show

Fog
Heat

Cold

Storm surge

31-50 mm/h OR
41-60 mm/6h OR
51-100 mm/24h

91-120 km/h (summer) — 101-130
km/h (winter)

Same as rain; widespread heavy gusts;
hail stones 3-5 cm

3-5 cm fresh snow in 1h OR
6-10 cm fresh snow in 6h OR
11-25 cm fresh snow in 24h OR
Widespread freezing precip/ice

Widespread vis <=50 m

Heat wave AND Tmax(1D) >= 35°C OR
Tmax(3D) >= 32°C

Cold wave AND Tmax(1D) < -5°C OR
Tmax(3D) <=-3°C

6.21-6.5 m TAW (Ost) or 7.21-7.5 m
TAW (Ant)



Red: 12h in advance

* “Take the necessary
measures and strictly
follow instructions”

* |ssued by forecaster + chief

 Text will describe in detail the
most likely weather + sometimes
also diff. scenarios (worst case)

Rain

Wind

Thunder

lce/show

Fog
Heat

Cold

Storm surge

>50 mm/h OR
>60 mm/6h OR
>100 mm/24h

>120 km/h (summer) —>130 km/h
(winter)

Same as rain; widespread severe gusts;
hail stones >5 cm

>5 cm fresh snow in 1h OR

>10 cm fresh snow in 6h OR

>25 cm fresh snow in 24h
Widespread heavy freezing precip

(no code red)

Heat wave AND Tmax(1D) >= 40°C OR
Tmax(3D) >= 35°C

Cold wave AND Tmax(1D) <=-10°C OR
Tmax(3D) <= -5°C

> 6.5 m TAW (Ost) or > 7.5 m TAW (Ant)



2. Warnings: example warning interface

rain hours are in UTC

region

20/12/2023
HNE [ONBEENEEHBET

Coastal zone
West Flanders

East Flanders

Antwerp
Limburg
Brabant
Hainaut
Liege
Namur

Luxembourg

Belgium

ekst nl

Tot en met donderdagavond ligt een zeer actief Qcglusiefront bijna stationair over
delen van ons land. Dit veroorzaakt vooral in de (zuid)oostelijke landshelft zeer
veel regen.

Tussen woensdag 9u en donderdag 20u verwachten we per provincie een
accumulatie van de volgende grootte- orde :

- Antwerpen : 10-40 mm

- Brabant : 10-40 mm

- Henegouwen : 0-30 mm

- Limburg : 30-100 mm

- Luik : 60-150 mm

- Namen : 30-100 mm

- Luxemburg : 40-110 mm

Lokaal kan er soms ook onweer voorkomen waardoor plaatselijke afwijkingen
mogelijk zijn. Omdat er meer dan 65% kans is dat over minstens een kwart van
de nrovincie | uik meer dan 100 mm

22/12/2023

Jusqu'a jeudi soir, un front occlus, trés actif et quasi- stationnaire sur certaines
régions du pays, provoquera d'abondantes précipitations, surtout sur la moitié
(sud-)est du pays.

De ce mercredi 9h a jeudi 20h, les cumuls pourront atteindre, par province, des
valeurs généralement comprises entre :

- Anvers : 10 et 40 mm

- Brabant : 10 et 40 mm

- Hainaut : 0 et 30 mm

- Limbourg : 30 et 100 mm

- Liége : 60 et 150 mm

- Namur : 30 et 100 mm

- Luxembourg : 40 et 110 mm

Des orages pourront également se développer par endroits, ce qui pourrait donner
lieur 3 des différences parfois significatives entre régions. Puisqu'il y a plus de 65%
de chances aue les auantités de nrécinitations dénassent 100 mm en 24h sur

Cancel
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2. Nowcast warnings

If there is an active orange or red warning for slippery conditions (only
with snow or freezing rain) or thunder, nowcast warnings are produced:

Rapid updates (hourly or shorter if needed) of the situation, with
enhanced spatial detail (scale of municipalities (~50 km?) instead of
provinces (~3000 km?))



2. Warnings: example nowcast warning interface

Region 0
Maaseik(72021)

+ e Load kst nowcast | Prefill with Forecast Database and meteo g
flashes
! j Add region = Remove current region Reset current region q Undo
° :

Nowcasl waming region

_1Lock region (it won't be erased by the drawing of other region)%

Boundaries

Provinces
‘Wezt Viaazderen = Oost Viaandsren|| Antwesrpen Limburz Viaams Brabaze Druszel Wazls Brabaot ‘ [ieaegouwen
Flazdre occidectale. Flazdre onentale Anvers Limbourz | Drabaze Flamaod|| Druxelles |[Drabaze Walleo||  Hainae
Namen Laik Luxemburg
Nz Ligps Taeembewsg

Lamgs de Franse gens
Lu kmyg de b Goabére frangase

Geographical reglons

Lamps de Nodalands: grens
L long de Ja Gootiize des Paye-Bas

Langs de Duats-Lussembungse grens

Le kmg des fcamizes allemande ef lavembow geos:

Ardennsn Kempen Hege Venen Kuzt | Belzisch Lotharingen|| Tea moceden van Samber en Maas || Eoox Dalme
Ardeanes Campine Ilautes Fagnes Litmocal Locraine belge Au need du silloa Sazobre et Mewsze | |Haote Delgiue
Elevation

hoogte > 300m | | heogte = 400m | | hoogte > S00m
altirods > 300m| | altinade > 400m | | akinde > SC0m
Er ontwikkelen zich meerdere (soms Plusieurs cellules orageuses 2
hevige) onweerscellen op een lijn (parfois vigoureuses) se sont
Doornik - Sint-Truiden. Deze développées sur un axe Tournai -
Letzebuerqg cellen ontwikkelen zich op een Saint-Trond et s’organisent
1ijn en zorgen voor 16 tot 3@ mm progressivement sous la forme
neerslag in een uur tijd en lokaal d’une ligne plus structurée, Elles
" ook wat hagel. dennent parfois 10-3@ 1/m? en
moins d’une heure de temps et
Een onweerachtige regenzone trekt localement de la gréle.
vanuit Luik het land binnen en v v
zorgt voornamelijk ten zuiden van Par ailleurs, une zcne pluvio- %




2. Warnings: RMI and its partners

N - Fire
Civil protection %departments /

Meteorology

R

eteo Wing (mil)
+ Skeyes (civil
aviation)

national +
international
authorities

Crisis provinces,
center municipalities

clients:
outdoor events,
municipalities,

private sector

hospitals,
rescue area, ..

Public Health




2. Warnings: some statistics

Miss | Hit ' Miss
Event , Statistics (POD, FAR, ...) depend on
threshold ; . type of warning and geography
Non-event ; Falsealarm  Non-event
Waming
period ~
i T T S
Time

Issue time start time End time



2. Warnings: some statistics (example 2022)

Waring matrix 2022




2. Warnings: OMS

* Bulletins and warnings at sea (Thames & Dover) and the Belgian coast
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2. Road monitoring (not a warning)
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@r;\w Florenville

Dumie on wakeree

ast update of forecasts : 16/12/2023 19:22 £3) Archive date

(Z} Last precipitation 1day ago (15/12/2023 10:00) according to the radar forecast of RMI

16/12/2023 2100
Lane 1 (for)Lane 2 (for)

Florenville - Temperature (1 - Dry

ety g

® Temp. (for): 2.3°C

@ Road temp. {for). 3.6°C

| @ Road temp.(2) (for): 3.7°C
| @ Dew point (for) 2.1°C

® Rel. hum, (for): 98.6%

0 0 Q ’ Q @ Road temp. (for) - uncertamty. [ 1.8°'C , 4.1°C ]

14.00 15:00 16:00 17:00 18:00 18:00 20:00 21:00 22:00 23:0¢ 17 | ® Road temp.(2) (for) - uncertainty: [ 1.7°C | 4.2°C]

Temperature
Q)

Dec
“&- Temp. (obs) -#- Road temp.(1) (obs)
-8 Road temp.(2) (obs) =+ Dew point (obs)
-®- Depth temp. 5cm (obs) -+ Rel. hum. (obs)
‘& Temp. (for) -@ Road temp. (for)

L2V
www.meteo.be




Road monitoring - Difficult situations

Add a warning

Add a warning message to the road monitoring interface if no model adequately represents the expected future development.

Warning valid for the next hours.

Text NL : Text FR :

evolutie van de wegsituatie in de komende uren... évolution de la situation des routes dans les
prochaines heures ...

4. 4.

| Send warning to road monitoring interface | | Replace texts by last texts |




2. Warnings: special warnings

* CO-intoxication and pollen (appear on our website — no colour scale)
e Underground parking lots in Brussels (only for client)

Last issued warning:
Issue date: 14/11/2023 07:44:07
Initial date: 14/11/2023 07:00:00
SNCB Forecast

=0 -+12 +18 +24 +30 +36 +42 Detection of large rise in temperature with condensation - No risk detected

ECMWF lorecast - Egtimated maximum cendensed waler (gim3)

Commentaire (en francgais): Un couloir d'averses intenses et orageuses semble se former sur notre pays cet aprés-
midi, touchant le centre du pays. Deux scénarios entrevoient + de 40 I'm* en 6 h. during the period from 161212023 1o 2111202023

* Rail service: snow or condensation

Your text {FR and NL): Text of the previous run:
Ho elerl hus been swveuled by e sodel.

COMDEMEAT LERARSEAMING  woor
1 -




3. Flash warnings: what are they?

IH

* Not like “normal” warnings
* Automated, limited influence of the forecaster
» Small spatial scale (municipality; ~50 km?)

* Small temporal scale (nowcast range)
* Next 10-30 minutes
* Next 20-80 minutes

* Like traditional warnings, they come in 3 classes (assigned to a color, in increasing
intensity) : yellow, orange and red

* There are, for now, 3 types in production:
* Heavy rain (with possibility of thunder and/or hail)
e Snowfall
* Freezing precipitation

* Distributed via the app (users can select if they wish to receive notifications), since
14/01/2020



3. Primary data source => INCA-BE nowcast

INCA = analysis + forecast (using ALARO or INCA-BE
AROME-BE) on 1x1 km? grid cells e o

 Basic field (12 h forecast — 1 h resolution)

* 12,TD2, RH2, U10, V10, GUST10, ZFREEZ,
ZSNOW

* Precipitation field (4 h forecast — 10 min
resolution)

* TP (10min accum), PTYPE, LIGHTNING, SWI

* Cloudiness field (no forecast — 10 min
resolution)

* TCC, VIS

Vo

Vo
+
5]
[ +1]
[ +2)
[ +3)
|+
[ +5)
| +6]
| +7]
KD
[ +9)
[ +10)
[ +11]




3. Additional processing

* Average temperature for freezing precipitation must be <0°C and for snow <0.5°C

* Long term:
* Precipitation is accumulated between +20’ and +80’

e Short term:
 Maximum of 10’ precipitation intensity between analysis and +20’
* Maximum value for hail and for lightning between analysis and +20’

 Post processing (influence of the forecaster) :

* The forecaster can choose to set all precipitation to O for a time window (e.g. when radar
shows a lot of false echoes)

* The forecaster can choose to force a certain precipitation type for a time window (e.g. when
observations and analysis/inca/model does not correspond)

* |f at least 33% of INCA grid cells that fall within a municipality meets a criterion =>
flash is generated



3. Criteria flash warnings: existing
parameters

Rain Yellow >= 3.3 mm/10min and < 6.7 mm/10min >= 20 mm/h and < 30 mm/h
Orange >=6.7 mm/10min and < 13.3 mm/10min >= 30 mm/h and < 50 mm/h
Red >=13.3 mm/10min >= 50 mm/h
Show Yellow >=0.14 cm/10min and < 1 cm/10min >=1cm/h and < 3 cm/h
Orange >=1cm/10min and <2 cm/10min >=3 cm/h and < 6 cm/h
Red >=2cm/10min >=6 cm/h
Freezing precip  Yellow >= 0.2 mm/10min and < 1 mm/10min >= 0.5 mm/h and < 2 mm/h
Orange >=1mm/10min and <2 mm/10min >=2 mm/h and < 6 mm/h
Red >=2 mm/10min >= 6 mm/h

For the short term warning flashes for rain, the flash sentence (not the color) is also determined by:
- Presence of lightning
- Presence of small / large hail




3. Example: interface for RMI forecasters

Tongeren
E Heawy rain (z00n)
‘ Rain rate (max ) 8 72 mm/10mn

, Lamrirg

XNy o b

Ervan whie gerssalivgg descriplion

Létzebuerg

22006 13:20

22[06/7023 @ ZTF 3 — : A v
00-00 D Ri 220 22106

. Luxembour

| eafiat | @ CpenMapTies & OpenSireatidap cantriutorns



14:48

3. Example: push
notification on smartphone [EES

Auto. &8

| 7] IRM Météo - A linstant A
IRM Météo

i, Om 14:50 uur in Ukkel grote kans op onweer
met extreme neerslag en hagelstenen




3. New type: gust flash warning

* A new type of flash warning was developed and will be added this year, to
warn for severe wind gusts

* Data source:

* INCA-BE: wind field

e Radar: SWI (Severe Weather Indicator) = a phenomena detection product derived
from radar volume data (Z, reflectivity; V, radial velocity; W, spectral width)
(products as delivered by Rainbow software — Leonardo, Germany)

e Severe Weather Indicator Algorithm detects :
e Storm cells
* Mesocyclone
* Con-/divergence



3. Radar network in Belgium (RMl, Skeyegs, VMM)
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3. SWI product from Wideumont radar

: SWI ; ; : '
12:45:18 ] 22-Jun-2023 Symbol / Shape | Severe Weather Phenomena
Wideumont shape Storm
Pdf Hla oWl
?’:l:?:r Filter: l})i?l,' E;'m Shape Stonn Core
Time sampling:Variz .
PRF: 00 Hz / 960 Hz . =
S II_.} Y _.-:' Mesocyclone (northern hemisphere)
{'_ ) Anti-Mesocyclone (Northern hemisphere)
I'r-:_-1'l
—Pp ) Convergence
- I'.r;::‘.'l i
: Lk Divergence
Microburst

Microburst Precursor

BWER

Royal Meteorological Institute of Belgium

Hail

Rainbow® LEONARDO Germany GmbH



3. (same) SWI attributes (zoomed in)

e
Storm core

.. | “—— ' | Storm
| L Divergence

A | Convergence

Mesocyclone




3. Flash warning algorithm

* For each different SWI class (storm, mesocyclone, div/conv ...) from the
composite radar image, the “raw” SWI product data (latitude, longitude,
polygon data) are extracted and interpolated to the INCA-BE grid

* 4 classes are determined (green = no warning), with:

YELLOW

* The intersection of the storm polygon with the INCA-BE wind field where the wind
speed >= 7 m/s is considered (to decrease the false alarms)

* There need to be at least one mesocyclone or div/conv class in this intersection




3. Flash warning algorithm

ORANGE
* A storm polygon that has as least one storm core polygon within
* There need to be at least one mesocyclone or div/conv class in this polygon

* No restrictions from INCA-BE wind field

RED
* The intersection of a storm core polygon with a storm polygon
* There need to be at least 2 mesocyclone or 2 div/conv classes in this polygon

* No restrictions from INCA-BE wind field

* Only the short flash warning is considered

* These set of rules are based on the product experience, but can be adjusted in the
course of time



3. Some examples...

* Relatively few (convective) wind cases are available of this spring &
summer 2023

* Severe wind cases from ESWD:
1 tornado on 22/06/2023 in Bouillon (near France)
* Frontal system on 04/07/2023 in western part of Belgium
e Storm (Poly) on 05/07/2023 mainly in northern Belgium
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SWI clgss at 2023-06-22 11:00

SRI (dBR)
11:00:18 / 22-Jun-2023
Wideumont

*  50mmh

20 mmh

» 10 mmh



3. Frontal system 04/07/2023 (evening)
(storm Poly)

* Maximum wind gust of 73 km/h =
in Zeebrugge (coast)

* Some (limited) damage reported

* Not a typical convective
situation; no SWI signal

Analysis for Wed 05 Jul 2023 00 UTC
Issued at 05-07 / 00:30 UTC




SWI clgss at 2023-07-04 15:00

SRI (dBR)
15:00:03 / 04-Jul-2023
Jabbeke

100 0 merch
500 menh

200 et

* 50 s

+ 20meh



Conclusions...

* Warning system: threshold-based

* But: good contacts with other fields of expertise that are responsible for
taking correct measures to limit impact

* Communication in our warnings are important

* Fixed spatial and temporal scale
* Administrative reasons (civil protections/gouvernors/...)
 But: flash-warning system gives higher detail



Thank you for your interest!



