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Oil drift service at MET

-Spill trajectory forecast within 30 minutes at real events 24/7
‘Forcing data from ocean, atmosphere and wave models
‘Most important users: NOFO and Kystverket
‘Research&Development

-Staff of 400 (90 scientist) — 50 in Bergen (8 scientist)




National reponsibilities of MET Norway

Provide forecast of the transport Provide forecast of the transport of
and fate of oil in case of a objects (person-in-water, life raft,
spill/accident boats, containers...) to support

search and rescue operations

30 minute response time, at any time
- operated by forecasters on duty

NOFO



Norwegian Clean Seas Association
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Input from general forecast models

Atmospheric model (AROME)

Wave model (WAM)

Ocean model (ROMS)

Trajectory models

M
)'WIM.‘lkm maximum_wave_height (+66) 2013-11-21 06 UTC
\MM.‘lkm mean_wave_direction (+66) 2013-11-21 06 UTC
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Nesting of models
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Onsdag 2013-08-21 12 UTC
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- EC.GEDQ.0.25.18 MSLP (+18) 2013-08-21 12 UTC
AROME-Morvway. 2.5KM. 08 MSLP (+6) 2013-08-21 12 UTC
AROME-Morvway. 2.5KM. 08 WINDL10M [+6) 2013-08-21 12 UTC
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Waves
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Wave models
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Stokes drift, up to 1 m/s
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Probability forecasting

Wave Ensemble Prediction System (EPS) Ekofisk 2016-01-08 08:57 UTC
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Ocean models (ROMS)
Arct|c20 + Nord|c4 . Norst800

Torsdag 2013-02-21 12 UTC

‘,v

S DAY o
ok 2 N s
Arctic-20krn. 24h_avg Current_speed rn (+24) 2013-0221 12 LTS
Nordic-4kmizeh. avg Current_speed 3m i+24) 2013-02-21 12 UTG
Norkyst-800rm. 2dhavg Current_speed S (+0) 2013-02-21 12 UTC
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NorKyst800

Daily mean speed at 3 m depth: 2013-02-27
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Trajectory models at MET Norway

- OD3D (oil)

- Martinsen et al., 1994: The operational oil drift system at
DNMI. Technical Report No. 125, Norwegian
Meteorological Institute, Oslo, Norway, 52 pp.

- Wettre et al., 2001: Development of a 3-dimensional oil drift B Evaporation Oxidation  Spreading
model at DNMI. Research Rep. No. 133, Norwegian E“’“‘*‘"""“""‘n
Meteorological Institute, Oslo, Norway, 50 pp. Dispersion

Biodegradation

=y

Dissolution

- Leeway (objects, persons and small boats) S—

- Allen, A. A. and J. V. Plourde, Review of eeuay spesdlemis] and dvergence st 10 mis wind i efror elfpses
leeway: Field experiments and implementation.
USCG RD center technical report
CG-D-08-99. (1999)

- Breivik . and A. A. Allen, An operational search
and rescue model for the Norwegian Sea
and the North Sea. J. Mar. Sys., 69, 99-113
(2008) doi:10.1016/j.jmarsys.2007.02.010
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Downwind leeway [cm/s]

PIW survival suit ) 2,

- ShipDrift (larger ships) 0 S5 ) K SO S S o

Crosswind leeway [cm/s]



Downwind leeway [cm/s]

Leeway of various object categories

Leeway speed [cm/s] and divergence at 10 m/s wind with error ellipses
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Crosswind leeway [cm/s]
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Downwind leeway [cm/s]

Leeway of various object categories

Leeway speed [cm/s] and divergence at 10 m/s wind with error ellipses
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Downwind leeway [cm/s]

Leeway of various object categories

Leeway speed [cm/s] and divergence at 10 m/s wind with error ellipses
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Downwind leeway [cm/s]

Leeway of various object categories

Leeway speed [cm/s] and divergence at 10 m/s wind with error ellipses
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Jibing probability: 4% per hour

55-gallon Qil Drum, PVD of Down and Croswind Components of Leeway
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Generic trajectory model

Generic, reusable core

OpenDrift
Oil module Search and Rescue module Biological module
- oil transport processes - different object categories - biological transport
- oil weathering processes | | (lifeboat, man-over-board, - biological processes
(evaporation, container...)
emulsification, with specific, tabulated drift
dispersion...) properties

23 Norwegian Meteorological Institue

Purpose specific modules



OpenDrift - summary of features

- A new modular open source framework for lagrangian particle tracking
- Written in Python solely, using only standard libraries

- clean code, following PEP8 style conventions

- No installation necessary, platform independent

- Good performance, due to economical use of disk/network access

- Robust for operational use (priority list of input data)

- Simple to implement and improve models/modules

- may focus on the physical/chemical/biological processes

- Can use input data (wind/waves/currents...) from any file format
(including online/remote), in any map projection

- no need to preprocess input data

- users may run model locally without needing to download
current/wind/waves

- May run forwards and backwards in time
- e.g.: «which ship did release the oil?»

24 Norwegian Meteorological Institue



Avoid preprocessing of input data

Output from
ocean/atm/wave
model

Data conversion/
preparation

Output from
ocean/atm/wave
model

Specific
input format

Reader

|

25

(filter)

L

Old
Lagrangian
models

OpenDrift
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Horisontal and
vertical interpolation
(bilinear)

Horisontal and
vertical interpolation
(bilinear)

Linear interpolation
in time

26 Norwegian Meteorological Institue



Oil drift simulation

water _content [fraction]
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OpenOil 2010-04-21 06:00 to 2010-06-22 18:00 (500 steps)
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OpenOil 2010-03-23 06:00 to 2010-03-31 14:00 (800 steps)

initial (1000)
active (107)
evaporated (332)
stranded (561)




Leeway simulation with «Life raft»

Leeway 2010-03-23 06:00 to 2010-03-31 14:00 (800 steps)

: «*, jnitial (1000)
HE &1 e+ active (229)
&\ e+, stranded (771)

................




GlobOilRisk — initialisation from
remote sensing

OpenOil 2015-06-08 17:14 to 2015-06-13 22:14 (250 steps)
’ =%+ injtial (1008)

v % active (907)

! s+ dispersed (22)

«*s stranded (79)
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iSphere and CODE drifters 2010-2014




.fﬂ fﬂ I-]J ﬂgl[‘ﬂ Forsiden Nyheter 5 Kultur Battrafikk Webkamer. Bildeserier Eiendomsnett MNeaeringsliv

Foto: Benn Stale Johnsen

Hva er dette?

Ame Johnsen fra Svolvear fant denne «beya» duppende i sjeen ved Risvaer. Na vil han gjerne vite hva det
er!

Gullik Maas Pedersen o Tweet |0 g+ 0 Ei Anbefal © 0 ket Skrivut | [ Tips envenn
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fllflllpﬂﬁl[‘ﬂ Forsiden Nyheter ] rie Eiendomsnett Maringsliv

Forsiden |

N

Mysteriet oppklart

Beyen som Arne Johnsen fant utenfor Rivaer er en del av et forskningsprisjekt,

Sullik Maas Pedersen W Tweet < 0 g0 EiAnbefal 0 ket Skrivut | [ Tips en venn

Etter at Arne Johnsen torsdag spurte Lofotpostens lesere
hviken funksjon baya han fant ved Risvaer i pasken hadde,
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Drift «amodel»

v = model_current + stokesdrift + a*wind

Norwegian Meteorological Institue



NOFO experiment June 2015: drifters
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Modelled with wind drift only

OpenOil 2015-06-10 05:15 to 2015-06-12 07:15 (200 steps)
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Modelled with currents and wind drift

OpenOil 2015-06-10 05:15 to 2015-06-12 07:15 (200 steps)
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Testing GlobCurrent input

OpenOil 2010-04-08 00:15 to 2010-04-15 00:15 (672 steps)

i bbbt i i eee initial (7)

.........

bbbt @ @ 0 @ctive (7) 1170 sen

No windage
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i ’ 67°N
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http://tds0.ifremer.fr/thredds/dodsC/CLS-L4-CUREUL_HS-ALT_SUM-V01.0_FULL_TIME_SERIE




Testing GlobCurrent input

OpenOil 2010 04 08 00 15 to 2010 04 15 OO 15 (672 steps)

S T Y acnve(7)§

] 705 O N

ioptl 70°N

+ 3.5% of wind
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http://www.github.com/knutfrode/opendrift

knutfrode fopendrift - Mozilla Firefox

marks

frift v C ||C-9hovedredningssentralen -)| B U ¥ A O

o This repository Pull requests Issues Gist Q. &~ B'

knutfrode / opendrift @unwatch~ 6 Hstar 5 ¥Fork 2

Open source framework for ocean trajectory modelling — Edit
<> Code

D 133 commits ¥ 2 branches > 0 releases 7 1 contributor
@ Issues 7
Branch: master ~ = opendrift / + =
11 Pull requests o
Also environment variables (wind, current etc) are now also recorded ...
Wiki
B knutfrode authored 7 days ago latest commit 69e290Tf4s EX
Bl configobj Added module six for python 2-3 compatibility of configobj 2 months ago A ilea
Bl doc Minor update of UML diagram. 8 months ago
il Graphs
Bl elements Fixed exported datatype of netCDF flag attributes. Clea 2 months ago
B export Also environment variables (wind, current etc) are now also 7 days ago L} Settings

current etc) are now also record

Bl models Also environment variables (wing

HTTPS clone URL

Bl readers i_point() function to take vector of lon/lat paris as inpu...
https://github.cc B
Il scripts Plotting function for readers may now show one of the variables. Util... 22 days ago
You ¢ & with HTTPS, SSH,
= . § : or Subversion
Bl test_landmask Made LagrangianArray an Abstract Base Class 2 years ago or Subversion. @
E) .gitignore 2 years ago &> Download ZIP

E) README.md

t etc) are now also record

E example.py curm

@ example_backandforth. py

tion on flags in netCDF export. Status co... 2 months ago

[E) example_fake.py bj for user (and web interface) configuration. Star... 2 months ago
B example_import.py functions which return number of elements to be mor.. 18 days ago
[E) example_leeway.py First leeway commit. Running with fake values a month ago

E) example_macondo.py Status now follows CF convention on flags in netCDF export. Status co... 2 months ago




The Offshore Sensing SailBuoy

 GPS tracking and two way Iridium communication
Navigates to GPS way points with 1-2 knots speed
Measures waves, T, S, Oxygen

* www.sailbuoy.no

* www.deep-c.org



http://www.sailbuoy.no/
http://www.deep-c.org/

2 Google Earth
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Wave measurements at Ekofisk
-November 2015

— ‘Wave rider
+  SailBuoy
+  Hmax SailBuoy

11/06 1115
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Controlled Meteorological Balloons
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Arctic-Circle

DatajS10, NOAA, U.S. Navy, NGA, GEBC!
Image |BCAC
Image © 2011 TerraMetrics
Image & 2011 Lantmateriet/Metria
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Comparison of CMET and WRF Profiles
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Flight 2011-05-10
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Troll Antarctica 2012
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Antarctic Balloon Campaign 2013

Longest Polar Flight of a Controlled Meteorological Balloon - Launched from Aboa Station (13-01-18)

Farticipants: Lars Hole, Paul Voss, Tjarda Raberts, Timo Vihima, Aurora Stenmark, Lingyl Wu, Mika Kalakoskl, Petri Heinonen, FINNARP Team

FAE

Spesific Hurmidity (gh)

=2

Altitude [km)]
™

=i

2.5

Days in Flight
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Possible student projects

* GUI for OpenDirift (python)
* Qil/lce module for OpenDrift (python)

* Analysis tools for SailBuoy or CMET Balloons
(python/matlab)

 Statistical tools — capacity building projects in Vietham or
Myanmar (R/python/matlab)

* Contact: Irh@met.no

Norwegian Meteorological Institue



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57

