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Meteo-France’s road weather specific prediction systems




= Metéo-France operational system
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ISBA-Route/CROCUS model

Coupling of the road model

with a detailed snow model
to simulate with accuracy the
!’ ki e %* % k snow behaviour on the road :
/ /! / * * % -holding of snow
! J Turbulent fluxes _hei P
. Downward s / / (sensibleand latentheat) height and density
“flax longwave -liquid water content (freezing)
x radiation Road

I Longwave
Reflected radiation
solar flux I 1
Absorbed radiation
Conduction flux

Water and ice
on road surface

&,
Surface road layer - Subsurface lateral flow
Impervious layer - i-
Road structure mpervious lay ] Multi-layer temperature and

water transfer resolution

—) Outputs : road surface temperature, ice and water height on raod, snow hei
and type on the road....
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The PEIR forecast system principle

All Models (ARPEGE,AROME, ECMWEF, UK...)
Observations, ensemble forecasts. ..

:

Human forecasters national & local expertise
—lIntegrate all the improvements concerning
numerical weather prediction

: ! 8

ISBA-Route model ISBA-Route/CROCUS model
Hourly road surface Temperature Hourly road surface conditions
forecast up to 3 days forecast up to 24H

4 runs / day : 0, 6,12 and 18 UTC O]
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Last version: PEIR2 forecast system

= 1 km resolution, 96h range, France scale
= Use since 2016 by forecasters and road managers for decision-
making

=  Significant improvement of the quality of the forecast due to the
introduction of human expertise (vs direct forcing with NWP
models), example for 2018/2019 winter (1st night):

— 1.7° of root mean square error (vs.2.3° root mean square error for the numerical
AROME-ISBA-Route system)

—  Large bias reduction (from 1.5 to 0.5°)
« negative road surface temperature » : Detection 70 % and False alarms 30 %

Example of vizualisation within the
forecaster tool

:
:

i
4
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O]

METEO
FRANCE

HHI

EEEESEE

Page 6 ( .

4

L




Adaptation of the system

=  Adaptation of the operational system for specific uses :
— Bridge temperature forecast
— Shadow roads forecast

— Local use with integration of road weather information
stations
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P ag e’/ g!EALEc%



OPTIMA: decision-making tool for road manager

= Use of road model forecast within the OPTIMA decision-making
tool for road managers

= Temp. Air O
Trongon n®: 12137105 = Temp, Rosée A

14# = Temp. Chaussée tr
100
]
@
e
N A s A, T ©
5 “A-. . '
& e o e
E osc.
¥ 5
NIR -
Troncor: 73257100 - Route: D117
Attucs ; 1410m =
4 07-Jan 07Jan 0BJan 08Jan 08Jan OB 08lan 0Blan 0BJan (BJen 08Jan 0BJan
Mardi 5 & 18:00 i 20000 2200 000 200 +.00 600 800 10:00 1200 1400 1600 18:00
h - - -
Pas dorage ] Py Trengen ne: 73257100 Cumul polentel de o
Potentiel de neige sur heure . s ur : m’:‘.‘;mmrmm &

4 passée:0.5om
5 Total potentiel de neige du 5 &
oo LT00auG A LT:00:E

h & Temp. air : 0.7 °C
R T . point de rosée : -0,

emp
Linite plube-nepge : 900 m
’ ent : Nord-Cuest - 18 kmfh
. Rafales:6l
N Wisibilitéd : >200 m
& sem
E
¥
3 3
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m Perspectives : Ensemble road forecast
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Ensemble forecast AROME-EPS/ISBA-Route

Implementation (end of 2018) of a high resolution (2.5km) ensemble
forecast system for road weather based on convection-permitting
ensemble prediction system AROME-EPS :

— 2.5 km grid, 45 h range
— 2 runs/day with 12 members at 9 UTC and 21 UTC
— Extension of the ensemble : use of 2 consecutive runs (2x12

members)

altitude (m)

Operational grid
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Ensemble forecast AROME-EPS/ISBA-Route

=  Example for the 26/02/2018 9 UTC run ( forecast for the 27/02
6h)

Prevl J+1 Proba Troute 6h J+1 <0. run 26/02/2018 r09 Previ J+1 Proba Hglace>0.05mm 6h J+1 run 26/02/2018 r09

BB 8Rss8RaRaan8R8R8

#'i||||||||!"md

#.Illlllllllm

we o BNE8KE5888R3808888

B -F-6-5-4-3-2-1"0 1" 2 3 44 5 5 77 B 8 10°11"12 8 T _F 5 -4 -3 _2°_1"¢ {" 2 3 &4 5 6 7' 8 @ 10 11" 12"

Probability of negative road surface temperatur®robability of ice presence on road surface

Significant differences between probability of negative road surface temperature and ice presence :
use of water/ice content permits better discrimination of icing events than the only use of road

surface temperature -
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Test (not operational) : use of ISBA-Route/CROCUS for
sSnow events

Sravill 54 Hrobe HEN moute SV co, run B/ORBOT B el Previ pour 01/03 a 09 Proba HTN P365>1cm run 27/02/2018 r21

T T T T T T
.
o

oo SN EHE58383830ER888

Wﬁllkllllli

B 7" B -5 -4"-3"-2"-1"0" 1" 2° 3" 4" 5 &5 7 B & 10°11"12° B R - T i AL U R S S M - - S~ A LOR B A

Example of possible use: forecast of probability of snow presence on road
(height>1cm) for 2 significant events during the 2017/2018 winter in France ( 6/02/18
and 1/03/18)
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Example of possible exploitation

Page 13

Risks computation dedicated to road managers : computation
on customers areas (ex road districts) and only with grid points

containing the road

Example : forecast for the 2/10/2018 at 6 UTC ( 24 members
from 30/09 runs) on fictive road districts
]]75%;100%

‘

125%;50 %]

] 10%;25 %]
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Results of internal tests during 2018/2019 winter

= The system is too alarmist

= Cold bias associated to this system : the raw ensemble could not
be used directly

= Require further works dedicated to the calibration of the
ensemble:

— Easier for road surface temperature (many road surface
temperature measurements available in France)

— Harder for road water and ice content
= Need for objective evaluation: require water and ice height

measurement : quite rare. Could require specific experimen
METEO
FRANCE
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Meteo-France’s road meteorological web sites with a
specific part for winter maintenance

=  Automatic alarms based on customers’ criteria

= Specific road weather bulletins

= Road weather stations’ observations visualized on :
= Chart
= Map

= A Road Weather Information System (RWIS) : Optima

" Focus on snow parameters

O]
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Example of automatic alarms : various types of representations

H—BI.EMI DE SURVEILLANCE MONDE
[

Mize  four ; 1B0SI092 & 18008

I Du 16/05 au 1905

I @ @

&
]
®

Condtions mété optimales |

Condtions métdo mdes |

f
Condtions météo oéfavorokies [ ] ‘ EMBRUN (B68m - 44 6°N - 6 5°E) Données Prévues,  Mize 3 jour - 02052013 & 10033
WEILLANCE 1
e - ‘ o —
T2 = samaenta ' o g -

s : 7 " 7 . : : : 3 " a Mewre loc.
; Drectioncuvert . o ¥ K € € € € & 4+ 4+ A K ¢
2 2 2 1 1 1 1 :| 1 2 2 2 s 2

Foroe du vent [mis)

W Frécisitatios fotes

Rafales (kmh)
Tempérabure ['C) 14 17

Tamps sensitle ¢ —;}

Fluie mm) 0 0
Breulllards lecalisés T Maox [°C)
Broulllards gindralisks T Min 'C) 8
Précipitations sur 24H [mm) 123

Il vert > 20km/h

T2t

-]
0 Precipitations
]

Forte Chalewr T »26°C

Email or SMS towards customers 0]
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Specific assessed road weather report

Forecaster’s text for

NN MétéoSurveillance Bulletin each phenomena
MetéeoSurveillance Bulletin FRANCE Bulletin de suivi de risques météorologiques
METEO
FRANCE Bulletin de suivi de risques météorologigues

Département de la Haute-Saéne
cm}

.

Details on the
ﬂ Département de la Haute-Saéne next 24h

Réigh le 28 Fivrins 2097 3 15:30 g =]

Récicd s 28 Février 2017 & 15:30 e, ==
Relief
e
=} Situation pour les prochaines 24 heures :E::E“W"'I Heige se-deams de 300 . La b el de e s entre 5 e2 16 om sur les srechai
Temps enCore agité aVeC aVErses, Drages, vent et neige 3 basse altitude. La limite pleie-neige remante demain aprés-midi. vent fortf== 60km/h) Vet vialent Juseu'en Fin de st pracheine. Rafules d 100 km/h
orages g | Risgue dlorages jusmeen sine
Rizquez métée  Hiveaude B
surveilles rizque Pl

Vent fortf== 60km/h)

ine Rafalesa T a 30 /b vaire S0 vers Belfare

orages

Congelation d'eaw

We monitore the meteorological phenomena
-- - - that impact roads : : ,

* black ice (hoar frost, rime, freezing of pre-

existing water)

Snow, freezing rain

Snowdrifts

Heavy rain

Rainon frozen road

Freezing fog that precipitates

Dense fog

Wind

Thunderstorm and hail

i
L'analyze détaillée 3¢ trauve en page suivante —>

-} Phénomenas dangereux du 81/03/2017 a 15h30 aw 03/03/2017 3 15h30

Temps pluviews et venteux jusqu'a la Fin d2 nuit dz mercredi & jeudi. Enswite, temps plus calme avec le retour du soleil.

Trend : up to D+9

Bulletin résctualize 3 Bh et 3 15h30, ou &n cax de dérive : l'éwolution du temps &t lax previsi

Bulletin régigé par le Centre Météarologique de Besangon. Assistance téléphonique 03 8147 9617

-3 Legende : Vios niveaux de risque

- ' '"§ Ligem!e :Vos niveaux de risque
ol nige -~ 3omy24) S I I s=drmf2sh F I . .
Flute an mrfimian RS ] lacaament gendeabee 3 o - | S - t.“ 1. - "?’.’ o 1. A_' '°.°"' e - - .
Fluie ar sl geid BAS i Iocaement qendrabne ﬁ —r
Congiation d e préextante RAS i/ locaement Qendcabet 3 r
adte anche A I locatement qendrabse — e
it . : s e MEETEEO
Fartes phutesi~=10mn/Sh S I I senmih
= R T it Color/level of alert chosen by the customer for FRANCE
ﬂ" each phenomena
-
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OPTIMA

OPTIMA (Road weather informations dedicated to road
sections), is a global approach of data fusion and
specific road weather algorithms implementation, to
obtain the best road weather information, according
to the state of art, at 5 km resolution, on the road
network.

OPTIMA is a 1h (next year 3h) nowcasting application of
data fusion: link between in-situ reality and forecast
It is completed with standard road weather forecasts
on road sections from H+1h to D+3
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OPTIMA : real time analysis and nowcasting of weather for the
next hour

Human
forecasters
expertlse }
Al el [

Numerical Radar data Méteo-France
Prediction (Observation & weather stat|ons
models nowcasting) Tee

Road weather
stations

- OPTIMA Nowcasting
L 122 Computation (5 minutes frequency) on
- each road segment (5 km)

Precipitations (type Road surface Other parameters: wind, air
and intensity) temperature temperature...

—Same product for 3 days forecasting without the use of radar and
observation data




Optima : nowcasting

Discriminated radar and road surface

_temperature superposition

OPTIMA H/J3 + POINTS FIXES

[=]

15h15 - 16015

ASF

160 -19n 200 - 01h 02h - 07h+1)

i
@
- =
ASF =
Température de chaussée & passage a 0 °C gy
Type de précipitation

Tempeérature de chaussée & passage a 0 °C
Prévisions commune

Bid

.’ ‘ .ﬂ,‘?

ENNERXC

Légende

TEMPERATURE DE CHAUSSEE &
PASSAGE A0 °C
5 -3 4 1 3 XM 0 C
Températurs

TYPE DE PRECIPITATION

D4 06 1,2 65 20 65 365 mm/h
Pluie
3 4 6 8 10 cmh

as 1

. Pluie et Neige

W e

Fable Modiske Fete py e oy sirfusion

(non dsCTmings en mer
et hors métropole)

= lun. 18 mars

35 14:40

lun. 12 mars

14:55

lun. 15 mare

14:45

lun. 19 mars

15:00

04h - 1602 16h - 06hi1+3) 07h - 0hi+2)

Ms 4 jourle 19 mars 4 15:24 @

’E..Jk & Lat: 41.1891 Lng: 2.
Y
m. 19 mars 12:25

lun. 19 mars 15:00

o l-
4408 &

lun. 19 mars 16:15 |
b |

Vitesse 2x . -
Pas 1 “ »
>3
. 19 maErs un. 13 mars lun. 15 mars |ur. 12 mars wn
15:05 15:10 15:15 15:20 T
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Detailed forecasts on each 5 km road section (1)

OPTIMA [H-3h --» J3)
Risgion Occitanie  [x]
Vs 1

+O%®

RECIPTATIONS

mardi 5 févr. 02:00 GMT+0100
Réseau: Région Occitanie  Trongon: D902 N°: 12197111 Altitude: 423m

Précipitations: pluie en surfusion(faible)
Pas d'orage

Potentiel de neige sur I'heure passé: -
Total potentiel de neige: -

T°de la chaussée: 1.4°C

T°del'air: 0.3°C

T° point de rosée: -0.3°C

Limite pluie-neige: 1700m

Vent: 4 MNord-Ouest - Skmih

Rafales: 11km/h

Visibilité: =200 m

Graphe températures Atmogramme
~

wam mar 0516w mam  wan

0108 02:00 380 00 a0 e _ ~ we oson a0t - ~
~
e — L I S,
Optima détais gl x
Trongon W™ 12197111 Route: DA02 Altitudes 423 m e
Temp. Chaussée @ Temp. rosée @ Temp. air & o '111 Route: D902 Altitude: 423 m
. = = Temp dir O
e com 05 12187141 0 = Tomp. Rostt & un. 4 Wn4  Wnd4  Wnd4  nd lun 4
16:00 1700 18:00 19:00 20:00 21:00
10 T 56 4 35 32 29 22
38 31 24 17 18 18 15 1
32 -28 28 23 -14 -05 03 o
. = 700
A Mord-Ou... & NosdOu.. | »Ouest  »=Ooest & NordOu.. & NordOu.. & NordOuw.. & Nord-Ou
8 T T T &
18 17 16 14 14 14 14 13
=200 m *200m | *200m  *200m  >200m =200 m *200 m =200 m

Hebulosite

o e

mar. 5 mar. 5 mar. § mar. §
05:00 06:00 o700 08-00
02 02
18 14 14 15 16 18 2 23 25
0s ] 03 08 09 13 1.7 22 24
0.3 247 €43 01 0E 1 15 19 22
700 700 1700 1700 1700 1600 1600 1600
4 NordOu_. 4 NordOu... 4 Nom-Ou_. 4 Nord-Ou_. & Mord-Ou_. 4 Nomd-Ou._ & MordOu._ | yNomd & Noed-Ou.
B 5 5 5 5 3 2 2 3
12 11 1} 10 10 8 8 T 8
=200 m =200 m =200 m =200 m =200 m =200 m *200m | 2200m ;| *200m

Tooltip : detailed
forecasts for one step of
time and one road
section
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28
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27

4

9
=200 m

=
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Detailed forecasts on each 5 km road section (2)

Temp. rosbe B Temp.

Alarm when road surface temperature drops below 0°C with the pictogram A T e S

/ / Tooltip
" B e\‘la!.ons I.IJIIl‘!III.IIIE i

OPTIMA HIJ3 + POINTS FIXES / Jauge x

ASF [=]

08h - 13044+ 4401 - 4951+ EMPERATURE DE CHAUSSEE & PASSAGEA D °C
mardi 20 mars 01:00 GMT+0100
Réseau: ASF Trongon: A839 PR344-348 Route: AS9

Altitude: 560m
Précipitations: Aucune

Pas dorage

Potentiel de neige sur I'heure passé: -
Total potentiel de neige: -
Etat de la chaussée: -

T* de la chaussée: 0°C

T* de l'air: -2.1°C

T° point de rosée: -2.4°C
Vent: & Nord-Est - 17km/h
Rafales: 36km/h
Visibilité: >200 m

Y P ——

Graph of temperatures
and forecasts chart for
each 5 km long road
section

Graphe températures Atmogramme

PREVISIONS COMMUNE

o - Manzat
Dir du vent: Est Nord-Est
Vent: 15 km/h

) =
= N— . - _"5'

2 i R
| Légende x fmr‘?'a"‘“" S Optima détails x
| mpersiure de clansde: 4 °C Trongon N': ABS_PRIEMS Route: AB9 Akitude: 850 m
i = = Temps sensible: Nuageux
TEMPERATURE DE CHAUSSEE & Pot. neige: 0 em il o ol
2 s 50 0 400
PASSAGE A D C Pat. neige: bem Pricipitations
ol 5 3 41320304 ‘C —_— e ; S S ST : s
- ._ _r i i :::I::a]usm 152 148 N9 87 48 28 19 0. 05 0 03 08 o8
- - AR Temg. de Fair = == = = = z e = % = = - - =
"\ Lat: 45.3900 Lng: 2_5452"‘_\: bz 1 i a4 28 of {0z | w3 @@ a3 bz i owi | e loar | es
Is_ v - . ¥ 3 L Mo 28 22 23 24 23 21 2 21 23 24 27 3 33
¥, - : e de rosée (T) ’ o ) ) :
o 1 A 20 o1 OD;E;. 22 mers 13:00 L‘ Limite Phuie
/ % mar. 20 mars 01: Hoige gm)
- Fi Vet it
Ea iy | ¢ ) | —_—
: £ Vitesse 2 x ' ‘ l‘::l::L im)
= f | 20 km-—— = Pas 1 “ » k Mébuosid
¥ 10 mi_~ w 0
=
I 15 s on 19 s o g mars me.xmms  mar. 20 mars  sw.2mn mox, 20 mars . 20 are . 20 - T
21:00 2200 23:00 00:00 01:00 02:00 03:00 04:00 05:00
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Parameters are displayed with a colour
code

Le 18.01.2013 & 1B:40

Snow

Ei—bhlEE‘QlLLE-HEIEFLE
S P s oy
:- R:!F_lEI.EEI’:!
3@ -__‘-'-.—_
% JE!Z T -
LENRISK SARREBOLAG =sy :
e £ : .
ey - TonT i
'E'E.E-T!} i i LT FSTHAS HELEG
.":--"‘-3‘ 2 = EPINAL e
S CHALMONT,.
-\_:I:'BFL.I_ENT ' TMaLHOLEE !
| -b .. .
e 3 BELFORT
I.'n’- b 1ILE i -:_ -
reezinqg r L Pt
5 e 2 - i EEancon
=T 2 E . _cnar.'ﬂm-su a]
Lu.l;a-:HE..s_unmu -t- 3 L H"g {
a : ; g ,.lﬂns'lis.a;wlsa.
~o Mok , G nilth
I AECHEdEn = E c

; 7 o - 1-1¢.tmsq 11‘9
A 3 =]
o S ERES
(2]
RAS bruine
pluie &t neige

. . pluie

-
BASTIE,
Ll
i
] | L&
. . . pluie en surfusion

BECEE,
Page :24 ..omgeou gréle




Zoom on snhow forecasts

* We defined 5 different qualities (density) of show depending on air
temperature forecasts : Powder, dry, moist, moist to wet, wet.

« Snow potential : It represents the potential snow height on the road without
accounting for melting, metamorphism or mechanical effects ...

— AII_o_ws to identify
Critical snow events
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Resean | CNIR
Trowcar 7BLE0100 - Route: D13
Aftituds : 134m

Mercredi 8 a4 14:00

[
3

Orage : non renseigne
| Total potentiel de neige sur
I'heure & venir: 4 cm

Temp. chaussée : 1.6°C (if : 2/4) |
. Temp. air : -0.1 °C {if ; 4/4) (origine ;
Ohservation M.F)
Temp. point de rosée : -0.9 *C {if :
314} {arigine : Observation M.F)
Limite pluie-neige : O m {if ; 2/4)
¥Yent : MNord - 18 kmjh (if @ 3i4)
Rafales : pas de rafale (if : 3/4)
Yisibilité : =200 m (F ; 2/4)

RAS bruine
pluie et neige
..pluie

...neige
!..pluie verglacants
PR craoe ou gréle

Atmogramme - Graphe



Road network monitoring : automatic alarms

Based on criteria defined on each specific part of the road network

] DIR_Est District_Metz
el

11HO5-12H0s  13EE19H 11H05-12Hos 3TN
wesor) I I
Raoute

— = s

7] Sujvi temps réel
Aftichage des risques " £ el tu

|E-‘||In|:|iquer le n® de la route re

v

Ndemmedi 30 Memmedi 30 Nemmedi 30 hercredi 30 hercredi 30 Mercredi 30 e
EIE I 18 I 1= Ll 11h05 I 115 I 11h25 I

hfeny carte

f?_"_.ﬂt_ritéres: f :
. Type de precipitations : Meige ettemp. chaussee == 0°C
Cumul neige HH1== 4cm

Farce rafales = 80kmih

E e

| RETHEC

Can be changed b ~
road opergtors V' {*’#E

(8
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Perspective : use of vehicle data

= Commercial collaboration in aim to develop an embedded alarm
system within vehicles, using in real time data from all vehicles

= Long-term project with a faisability step (2016-2017) which treats
separately the 2 data fluxes : upstream and downstream

= R&D project : ~450 instrumented vehicles
Diffusion of alarms

and forecast within
the vehicle

Use of vehicle
data in Météo-
France systems

Downstream :

Upstream :
Vehicle as a sensor
Vehicle as HMI

O]
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Perspective : use of vehicle data

=  The experience with the living-lab allows us to conclude on :

— A good guality of vehicle air temperature for a road weather
use

— Difficulties to get the information « precipitation/no
precipitation » or « slipperiness/ no slipperiness » only with
wipers and ESP data when there are just a few vehicles

=  The downstream flow sending meteorological alarms already
exists but without the use of data vehicles : The first version of
these embedded vocalized alarms on itinery was computed
with mean path and mean speed on 30 mn range ;

=  Work in progress for the construction of reference data fusion
products integrating data vehicles : precipitation, state of road.

O]
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Perspective : use of vehicle data

Human Radar data
forecasters NWP & (observation & Meétéo-France Customers Embedded

expertize road models nowcasting) observations  observations data

OPTIMA
5 minutes and 1 km
computation

Road surface
temperature parameters

(wind, Tair..)

Precipitations (type
& intensity)

csssssssssmsmsmmmeeeeed ... -
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Thank you for your attention
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