Mothy — Oil and object surface drift

Cedre Information Day
27 March 2013,
Direction de I'Eau et de |la Biodiversite,
Paris la Défense.
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Forecasting drift at sea at Météo-France
MOTHY system (Modele Océanique de Transport d’Hydrocarbures)

Forecasts:
Surface/subsurface oil drift (since 1994), 19% of total
Drift of containers, cuboids (since 1998), 5% of total
SAR targets - Search and Rescue (since 2009), 76% of total

Constraints:
emergency response service
response time < 30 min (Search and Rescue) < 2h (oil)
24h availability
worldwide response capacity (French overseas territories + French Navy)

real-time access to forcing data (winds, currents)
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Met-ocean support & drift forecast

A system in place since 1994

A tried and tested organisation: Polmar
Maritime Prefects / MRCC / Cedre / Météo-
France

POLMAR instruction: "to implement pollutant drift
forecasts, in relation with CEDRE, and provide the human
expertise required for their interpretation”

Two major spills:

»Erika 1999: 2 weeks of drift, 400 km of
coastline oiled.

»Prestige 2002: several months of drift, 3000
km of coastline oiled.



International

-jcommC

MPERSS (WMO I0C)

Support provided by Méteo-
France

+ National meteorological services (Bulgaria, Greece, Portugal, Morocco,
Qatar ) & MRCC (Romania)
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Attention : document technique de prévision de dérive d’hydrocarbure, réalisé & partir d'un seul point choisi dans un ensemble complexe de nappes lobse
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: Prévision pour le 20/08/2008 a 18 utc
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Position initiale :
le 20/08/2008 & 13h45 ute ‘ O nte Xt
Latitude : 50° 54,00

Longitude : 001° 39,00'
Polluant : Brut lourd
Masse volumique : 930 kg/m3

Around 500 requests a year

object
4%

dead whale
1%

container

Golfede Bascogne et Man
Résolution: 5 (minute)
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eographical distribution of drift forecast
requests
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Bathymetry

Tide
tide gauges

Winds
atmospheric
models

Low frequency currents
ocean models

MOTHY system

MOTHY

2D+1D model

High frequency currents
Wwind, tide

Forecasts
Images, GIS, Google Earth
Internet, email, fax

MOTHY
3D model
Drift calculation

Observations

Cedre, MRCC,
PREMAR METEO FRANCE
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The key element: wind forecast and its use

=» Use of most recent g*};
and most appropriate "
forecasts.

=» A marine forecaster

| "'“"Gmg[e‘"

A FAYA
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Ocean currents

Operational ocean forecasting systems:
Mercator: global | e
MFS: Mediterranean
HYCOM (scheduled)

Source: Mercator Océ

A challenge for drift forecasting in certain regions
example in Medlterranean strong currents, high varlablllty small structures

DATA SET: curl_NEATL12 : 31052160 DATA SET: curl_MEATL3!

MERCATOR *"
operatlonal

METEO FRANCE
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MOTHY, oil version

reproduce the high velocity gradients near the sea surface
represent the elongation of slicks in the wind direction with an accumulation at

the head of the slick

Spot spillage: wind nil to very light
Thick

.
Medium ZZZ
Thin —/

Wind =

Current >—
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."""W //2’4///

‘“-’40' 2

Spot spillage: strong wind
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MOTHY, container version
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63 classes of objects have been
compiled by the U.S. Coast
Guards during field campaigns.

COSARCOS antennze

Allen A. and J. Plourde, 1999:
Review of Leeway: Field
Experiments and Implementation,
Technical Report CG-D-08-99, US
Coast Guard Research and
Development Center, USA.

MOTHY, SAR version

Person-in-water

unknown state [mean wlues)

(PIW)

vertical

=itting

horsomtal

survival st

scuba suit

deceased

LIFE-RATT-NBI

LIFE-RAFT-REBZ

LIFE-RATFT-NE3

LIFE-RAFT-NBE

LIFTE-RAFT-RNED

LIFE-RAFT-5B6

LIFEERATT-EBT

LIFE-RATT-5BE

LIFE-RAFT-5BY

LIFE-RATT-DET0

LIFE-RATT-DBI1

LIFE-RAFT-DETZ

LITE-RATFT-DBI3

LIFE-RATFT-DEI4

LITE-RATT-DBEI;

LITE-RATT-DETG

LIFE-RAFT-DBTY

LITE-RATFT-DBEIS

LIFE-RAFT-DETY

LIFE-RATFT-DEZ0

LIFE-RATT-DBE2I

LIFE-RAFT-DEZZ

no ballast (NB) system

general (mean values)

0 CANORY, 10 droge

no canopy, with drogue

with canopy, no drogue

with canopy, with drogue

shallow ballast (SB) system
AND canopy

general (mean values)

ng drogue

with drogue

capaimnd

deep hallast (DE] system

general, unknown capacity
aml loading (mean values)

4-f person capacity,
deep ballast system

general (mean values)

no drogoe

no drogue, Iight Toading

no drogue, heavy Toading

with drogue

with drogue, Tight Toading

with drogue, heavy Toading

15-75 person capacity,
deep ballast system

general [mean values)

no drogoe, Tight Toading

with drogue, heavy Toading

deep hallast system
general (mean values)

capsieed

swampad

LIFE-=CAPSULE

Life capsule

USCG-RESCUE

TSUG Sea Hescue Kot

AVIATION-1

Lifo-raft, 4-6 person capacity, no ballast, with canopy, no droguoe

AVIATTON-2

Evacuation shde with Tife-ralt 4-0 person capacity

SEA-KAYAK

Sea Kayak with person on aft deck

SURFBOARD

Surf hoard with person

WINDSURFER

Windsurfer with mast and sail in water

SATLBOAT-T

Mono-Inll full keel, deep draft

SATLBOAT-2

Mono-hull, fin keel, shoal draft

SEITFF-T

SEIFF-Z

SKITTF-J

Skiff

Hat bottom

W -Imll

V-], swamped

SPORT-BOAT

Spaort boat, no canvas, modified V-hull

SPORT-FTSHER

Sport fisher, center console, open cockpit

FISHING-VESSEL-1

FISHING-VESSEL-Z

FISHING-VESSEL-3

FISHING-VESSEL-4

FISHING-VESSEL-G

FISHING-VESSEL-6

Fishing vessel

general (mean values)

Hawaiian Sampan

Japanese sidestern frawler

Japanese Longliner

Kaorean fishing vessel

Gillnetter with mar reel

COASTAL-FREIGHTER

Coastal freighter.

FV-DEERIS

Fishing vessel delfris

BAIT-BOX-1

BATT-BOX-Z

BATT-BOR-3

Bait/wharf box

holds a cubic metre of ice

mean values

Tightly Toaded

Full Toaded

REFUGEE-RAIT-1

REFUGEE-ITAFT-Z

Tmmigration vessel

Cuban refugee-raft

no sl

with sl

SEWAGE

Sewage Hoatables, tampon applicator

MED-WASTE-L

MED-WASTE-Z

MED-WASTE-]

MED-WASTEA

MED-WASTE-

MED-WASTE-G

MED-WASTE-Y

Medical waste

mean values

vials

| Targe

| small

SYTinges

| Targe

srnall



MOTHY, SAR version

The object's initial position determines the drift to the right and

left of the wind.

Wind to

Leeway Drift i 'y Leeway Drift
Direction Direction

2 search areas

La = -25° La = +25°

RWD = -135° & é RWD = +135°

Wind Wind
Direction Direction fgald
From From I
. Initial search kom0, Breivik
in

to area, t=0 personal communication

*Breivik O. and A. Allen, 2008: An operational search and rescue
model for the Norwegian Sea and the North Sea, Journal of

: METEO FRANCE
Marine Systems, Volume 69, Issues 1-2, pp 99-113.
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MOTHY, SAR version

MOTHY/CEP MERCATOR  Prévision pour le 21/09/2008 a 19 utc

B2 30'W B2 00W B1°30W Position initiale :
le 18/09/2008 & 18h07 ute
Latitude : 15° 08,23’
Longitude : -61° 33,54

1600 % o0 EAVANME - o - 16"00'N
N RO N o - A - g ‘ Voilier
3, R ' : e a - — - Mono-hull full keel, deep draft

15°45'N

Prévision déterministe:

2 points noirs

Probahilité de présence:
50%: rouge
68%: rouge+orange

1515N it S : I+ 1515N  95%: rouge+orange+jaune

99%: rouge+orange+jaune+blane

15'00'N —— = : = L . — 15°00'N _ o
B : | e = g Extraction GEBCD 5 minutes

Résolution: 5 {minute)

Toujours un j=mpsd avancs

I
B2'30W

Systéme péodésicque: WGES 84

* 14°45'N

'
i
S |
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MOTHY, SAR version
Fishing boat drift (Sitrep N° 195)

Fishing boat OMAR 3, with two people on board,
suffered engine failure.

Two and a half days of drift before being
successfully rescued in the Caribbean Sea.

MOTHY/CEP MERCATOR  Prévision pour le 3. MOTHY/CEP MERCATOR  Prévision pour le 31/03/2009 a 22 utc

Position initiale :

le 30/03/2009 4 16h42 ulc
Latitude : 13° 28,22'
Longitude : -61° 08,51

Sport_fisher,
center_console,
open_cockpit

Prévision déterministe:
2 poinis noirs

Probabilité de présence:

50%: rouge
68%: rouge+orange
95%: rouge+orange+jaune

99%: rouge+orange+jaune+

Extraction GEBCO & minutes

Bézalution: 5 iminute)

Syateme géodésique: WGES 84




4 Drift backtrack (available 24h)

MOTHY/ARPEGE,DIRECT : Prévision pour le 19/09/2002 a 12 utc

Main applications:
. . ) ) ] ) ) ) ) MOTHY/ARPEGE,REBOURS : Prévision pour le 14/09/2002 a 12 ute
Oll (Search for pol | utl ng FOW TN TOW W ZoW  TEW oW vaw smw e row raw oo

50 45N = LA T T 045 Position initiale :
V e S S e | S ! gl i ]I le 19/09/2002 & 12100 ute
50°30N " 301 - 301 Latitude : 49° 46,00'

bundles of cocaine (drug e A!!!!!lllll o dll.llllll'l L even
trafficking) |!!!l!!ll!lll| o IIIIIII!IIIII e s
9 N i!!ll\ o T L 11T
human bodies |!!I!.l!l5' Il . I!IIIIE_HII
A7 e 1PUResops. ™

130w 1 00w " " " 30" " 1 30W 1 oW

Debris of the Air France Airbus in
the tropical Atlantic.

METEO FRANCE

Marinha do Brasi ) METEO FRA ;T Toujours un temps d'avance




EDF CNPE: Protection of nuclear power
plants on the coast

EDF Corsica: assistance in case of an
Incident at the oil terminal that supplies
the Lucciana plant.

Qatar: Qatar meteorological service

Dedicated mini-sites

wviE 11U rcANCE
Toujours un temps d'avance



Various studies (dev mode)

MOTHY/ARPEGLE

: Prevision pour le 06/02/2008 a 12 utc

Examples: s Nl
: R 4 B
continuous leak from SN Iy e
NCEEN e,
- 3 Azt TR
a wreck PECE QO NIERY-T G
j U %‘5{\; .
T = s
LA 51°N
-tﬁn?’$< h:% BN “"L“\»ﬂ* -
Rt e 8 (S NN s B
P O erormance|
Temps gcoulé dlepmalle déhlut de!la fuite en semaines !

Shoreline Impact Analysis : if oil is spilled at a
given spot, what shoreline locations are likely to be
affected?

Methodology 1 : Simulation based on the
assumption of X years continuous release from a
fixed location.

Methodology 2 : Definition of a classification of
weather patterns (determination of standard
situations with frequency of occurrence) from the
analyzed data of X years.

0il spill forecasts based on scenarios derived from
the above classification.

\\".- A ot
e L e |

The color indicates how long the oil is
present at a given location (in percent).

Scénario de fuite continue
& pariir du 15/01/2008 & 12h ulc
Un laché toutes les 30 minuties

Latitude : 50 10,00'
Longitude :-2° 02,10

Polluant : Fuel numero 2

Masse volumigue : 960 kg/m?3

Durée du déversementi: 2460 heures

Systéme péodésique: WES 84

I Produit issu de la R&D de Météo-France b—

le.eu.org/mothy/consulting/

How do I develop a plan that protects my area against likely spills?

Additional features :

» Response Time Analysis : how quickly
a response must be mounted at a
location of concern to precede the
arrival of the oil.

s Site Oiling Analysis : visualize how a
location of concern would be likely to
be oiled by a spill at a given
location.

e s g e e


http://www.meteorologie.eu.org/mothy/consulting/

Drift of beet seeds at sea

Laboratory of Genetics and Evolution of Plant Populations
Lille University O O

ouvre:
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| | 4—“l—G nd fort Philippe
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Drift of cetaceans

Marine Mammal Research Centre
La Rochelle University

Cetaceans washed up on the shore: determination of the
origin of the mortality of small delphinoids by backtrack
modelling their drift.

@ Animaux retrouvés frais

@ Animaux retrouvés putréfiés

$ METEO FRANCE
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Adapting to customers' needs

Formats: images, GIS, Google Earth
Distribution methods: mini-sites, email, fax

¥ Diift model MOTHY - Mozilla Firefox
Fichier Edition  Affichage  Allerd  Marque-pages  Outils
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A regularly assessed
system

By CEDRE
trials at sea
comparison with other models

During international exercises

Eastern Mediterranean, with the release of 3
buoys, 17 September 2007:

UCY, Met.no, Météo-France, HNMS

l VENDEE

. - l I.\'
Western Mediterranean, with the release of nzss \ L

8 buoys, 10 October 2007 \ [ oiwaP |
Cedre, IFREMER, Météo-France, Met.no, '

KIDOUR 3 KIDOUR 3

4" oW 3 48 33 " 12 4" D0wW 3 48w



An evolving system

Version 2.0 (July 2007):

Forcing by operational ocean
forecasting systems: Mercator

Version 3.0 (September 2009):

SAR version, 63 classes of floating
objects

Version 4.0 (scheduled for April 2013)

Estimate the uncertainty due to
forcings: atmospheric and ocean
multi-forcing ensemble forecasting

METEO FRANCE
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Modéle MOTHY: version 2.0
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Modéle MOTHY: version 2.1

29 février 2008
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Modéle MOTHY : version 2.2

Une montée de niveau du systéme MOTHY a été réalisée le 29 octobre 2008
La wersion bénéficie des améliorations du téme d'océanographie
opérationnelle Mercator, avec notamment une meilleure fiabilité et une plus
grande précision des prévisions de courant, tant au niveau global que
régional.

Pour en savoir plus :

Mercator O cure sa production npnratmnnelle sur les deux fronts du
global 1/4° et du régicnal 1/12° sur I'Atlantique et la Mad

Sur tout le globe
me global au 1/ avec modélisation de la glace de mer aux deux
pdles et assimilation des données in situ, est maintenant plus robuste et plus fiable,
qualifié par I ie d'une simulation d'un an et demi. La version '-\ctuelle
offre d'ores et d ] ons d'une précision jamais atteinte & Mercator

Zoom sur |'Atlantique et la Méditerranée

Pour le systéme haute résolution sur I'Atlantigue et la Méditerranée,
non seulement qualitatif mais quantitatif, i
I'équateur et modélise l'océan Atlantique ju au paralléle 20° sud. Ce sy
comporte comme un zZoom haute résoluti du systéme global au 1/
modéle, ilation, méme période de qualification que pour le global L/4°.
Les de ystémes montrent un comportement trés proche, la haute résolution en
plus. Ce dernier point est trés important: le systéme haute résolution décrit des
tourbillons non représentés par le modéle global et on connait lmportance de ces
tourbillons pour uns dérive.

Le sne internet de Mercator Océan
¥ n.fr/ pourra satisfaire les plus curieux.



..

Barycentre of slick
heads:

black dots: PEARP
red dot: ARPEGE

Winds:
red: ARPEGE
black: PEARP

Probability of the

presence of oil:
green <25%

25%<yellow<50%
50%<orange<7/5%
red>75%

Ensemble forecasting




Ocean tri-forcing

In the Mediterranean: Mercator, MFS, Clim.

In the North Atlantic: Mercator 1/12°, Mercator V4°

MOTHY/ARPEGE MULTI2

a1'00W  90°30W  S0'00W  89°30W  8S'00W 88°30W  83'00W 87 30W

31°00N X T N T N T N
30°45'N
30°30'N
30°15'N
30°00'N
29°a5N
29'30N
29'15N
29°00'N
28'45N ’_
28'30'N

Illiullil

28°00'N

CNT T N T N7

iR
5 0 0 e I
ﬂl | U R — 28 00'N

a1'00'W  90°30W  S0T00W  89°30W  8S'00W  88°30W  83'00W 87 30W

Attention : document technique de prévision de dérive d’hydrocarburs, ré

Caution: Technical suppeort for cil drift forecast from a single point out

= a partir d'un seul point
omplex set of alicks {observed or nat).

: Prévision pour le 29/05/2010 a 04 ute

Position initiale :

le 21/04/2010 a 04h00 ute

Latitude : 28° 44 20'

Longitude : -88° 23,23/

Polluant : Petrole brut leger
Masse volumique : 820 kg/m3
Duree du deversement : 942heures

WVent-zeul

MERCATOR PS
MERCATOR PS5

Exiraction GEBCO 5 minutes

Reésalution: 5 {minute)

Systéme géodésique: WGS 84

cizi dans un ensemble compless de nappes (obhssrvées ou non).

- wind alone

METEO FRANCE

Toujours un temps d'avance


http://previmar.meteo.fr/glenan/pollution/deepwater-horizon/arpege/anim.gif

MOTHY/ARPEGE MULTT1 REBOURS Prévision pour le 05/12/2010 a 07 ute

6'30'E TO0E 7T30E &'00'E

Conteneur
43'30N )‘J‘/ 43'30N
- E Position initiale :
le 07/12/2010 4 12h35 utc
15N ’(_\/L 5 43'15N Latitude : 43° 0,0/
Lon.gitude : 7° 0,00
| "‘xfd__ s fo
- . soon Lt 0] ﬁ:; > agooN o tmmersion 20%
Ocean tri-forcin i b mmerson 0%
g 4 : immersion 40%
[\ 5 : immersion 50%
"45'N 7 i ._ 15 42'45N 6 : immersion 60%
8 7 : immersion T0%
5| 34 8 : immersion 80%
30N & \ 430N 9 : immersion 90%
AN AY Y 0 : immersion 100%
5 |1
' .
MOTHY/GFS MULTI2  Prévision pour le 09/12/2010 a 11 415N 4215N CLIM -+ MES + MERCATOR
2
2
63'30W 63 00W 62'30'W 6200V ' Cote d Azur
. Résclution: 1 {min wba)
o METEO FRANCE
‘ 42°00'N | Tonp el e 42'00N Systéme geodésique: WGS 84
6.30'E TO0E
18'30'N — — % 18'30'N
Skiff
flat bottom
15N g s a 18'15N
1815 ﬁ;, \
-
. Q:} L _ Prévision déterministe:
18'00N Y TN N 180N 9 boints noirs
. bele 176181 N/ 62°48,63W 17°41,12N / 62°59,65W
gl 17°67,19'N /62°44, 0°W 17°44,37N / 62°653,67W
B 17°66 58N /653°08,58'W 17°39,94N / 63°04,62W
17°45N Sk, 17°45'N el .
3 l‘ - Probabilité de présence:
o '-\. 50%: rouge
68%: rouge+orange
17'30'N 17°30'N 95%: rouge+orange+jaune
KB g nge-+]
R N N 99%: rouge+orange+jaune+blanc
Qk\ Vent-geul
1715N 1715N MERCATOR PSYsV2
*""O MERCATOR PSY2Va
3 Extraction GEBCO 1 minute
N I METEO FRANCE
1700N () METED FRANCE = N 17°00N Toujours un temps d'avance
Syatéme géndéaique: WGES 84
3 30W I 0W A2 30W &AW



-'_ 5
Projects in progress

MOST
MASCOTH
MEDESS-4MS
SHOM

METEO FRANCE
Toujours un temps d'avance



E'ODE

E'30E

MOTHY/ARPEGE MERCATOR

700E

MOST (Mapping Oil Spill drifT)

: Prévision pour le 01/09/2007 a 12 utc

7'30E

v T

=

43°30'M

43°00°'M

Fﬂﬂi

42°30'N =

(b METE

~ Toujourg un

=0 FRANCE
temps d avapce

BE'O0E

Project duration: 9 months

B'30E

7O00E

730E

Funding: GDF Suez, Entrepose Contracting

43'30'N

43'00'N

5
5
=

42°30°N

Attention : document technique de prévision de dérive d’hydrocarbure, réalisé & partir d'un seul point cheisi dans un ensemble complexe de nappes lobservéss ou non).
Caution: Technical suppert for oil drift forecsst from a single point out of 2 complex set of slicks {observed or not).

Position initiale :
le 01L/09/2007 2 09h36 ute

Polluant : hydrocarbure
Masse volumique : 985 kg/m3

B J

-

NYMPHEA

NNNNNNNNNNNNNNN

FRANCE

-LYOTECH
METEO FRANCE

Toujours un temps d’avance

Cote d Azur .
Résolution: 1 {minute) . ﬁ -
Cedre

Systéme géodésique: WES 54

METEO FRANCE

Toujours un temps d'avance
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MASCOTH Meéteo-France / SHOM / ONERA

SHOMY|
Bouées"|
Océanographigues-
SLDMBY

Trajectoires-RY
ATS/GPS-des-bouées”
(Vérité-terrain)¥
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=510 720 B30 540 —450 =360 =270 -1&n

Météo Franceq
Logiciel MOTHYY
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Mesure-Radar-
NOSTRADAMUSY

Mesures: de- la
direction-du-ventq

Trajectoires-MNoY|
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mesures-de-direction-de-
vent-Nostradamus)q
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Main aim: to provide an integrated drift forecast service

Interoperability of drift forecast systems

terranean Decision Support System for

Marine Security (MEDESS-4MS)

with existing national systems

connected to observation platforms (EMSA

CleanSeaNet)

using environmental data (winds + currents) from

European and national systems.

MEDESSAMS Downstream Service

Lea Wave
previders

GMES -
MyOCEAN

WMICOMN — D05

MEDESS4MS /
External

MODN-DO5

Schematic of the MEDESS-4AMS integrated service

Llser
Interfaces
for
REMFEC
EMEA
& Public

Project duration: 02/2012 — 01/2015
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=< SHOM research contract

2012-2014.

Aim: to interface MOTHY with the hydrodynamic model HYCOM operated by
SHOM.

Two methods:

MOTHY current + HYCOM current at the base of the Ekman layer filtered of
the tidal signal.

HYCOM current to replace MOTHY current

METEO FRANCE
Toujours un temps d'avance



Prévoir le déplacement des pollutions marines accidentelles & Métio- France
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http://www.meteorologie.eu.org/mothy/
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