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Overview
Forecasting trajectories and waves

Observations

Autonomous platforms

Possible collaboration
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Norwegian Oil Fields



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)
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National reponsibilities of MET Norway

Provide forecast of the transport 
and fate of oil in case of a 
spill/accident

Provide forecast of the transport of 
objects (person-in-water, life raft, 
boats, containers...) to support 
search and rescue operations

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



Norwegian Clean Seas Association
for Operating Companies



Input from general forecast models

Trajectory models

Ocean model (ROMS) Atmospheric model (AROME) Wave model (WAM)



Nesting of models
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Waves
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Wave models



Meteorologisk institutt



Meteorologisk institutt

Stokes drift, up to 1 m/s
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Probability forecasting



Ocean models (ROMS)
Arctic20 + Nordic4 + NorKyst800



Norwegian Meteorological Institue15

NorKyst800

Daily mean speed at 3 m depth: 2013-02-27



Simulating drift of a large number of particles (Lagrangian elements)



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 
model at DNMI. Research Rep. No. 133, Norwegian 
Meteorological Institute, Oslo, Norway, 50 pp.

· Leeway (objects, persons and small boats)
- Allen, A. A. and J. V. Plourde, Review of 

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

· ShipDrift (larger ships)



Leeway of various object categories 

10 m/s



Leeway of various object categories 

10 m/s



Leeway of various object categories 

10 m/s



Leeway of various object categories 

10 m/s



Jibing probability: 4% per hour
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Generic trajectory model

          OpenDrift

Oil module

- oil transport processes
- oil weathering processes
    (evaporation,
     emulsification,
     dispersion...)

Search and Rescue module

- different object categories 
(lifeboat, man-over-board, 
container...)
with specific, tabulated drift 
properties

Biological module

- biological transport
- biological processes

Generic, reusable core

Purpose specific modules
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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?»
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Avoid preprocessing of input data

Output from 
ocean/atm/wave 

model

Old 
Lagrangian 

models

Specific 
input format

OpenDrift

Output from 
ocean/atm/wave 

model

Reader 
(filter)

Data conversion/
preparation
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t
before

t
after

Horisontal and 
vertical interpolation

(bilinear)

Horisontal and 
vertical interpolation

(bilinear)

t
1

Linear interpolation 
in time



Oil drift simulation

Trajectories/fate
Temporal variation of 
element properties
(e.g. oil chemistry)
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1000 particles released at the 
position and time of the 
macondo acident: 88.4E, 28.7N, 
21 April 2010

Stranding (red markers) is seen 
mainly along the coasts of 
Lousiana.

Forced by global HYCOM 
(current) and scatterometer 
(wind) datasets available 
through remote Thredds servers
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Leeway simulation with «Life raft»



Norwegian Meteorological Institue31

GlobOilRisk – initialisation from
remote sensing
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iSphere, 0 m

CODE, 0.7 m

Holey Sock, 15 m
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iSphere and CODE drifters 2010-2014
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Drift «model»

v = model_current + stokesdrift + a*wind

a = 0.02 a = 0
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NOFO experiment June 2015: drifters 
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Modelled with wind drift only

drifters

modelled
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Modelled with currents and wind drift

50 hour simulation

Using NorKyst800 and Arome
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Testing GlobCurrent input

http://tds0.ifremer.fr/thredds/dodsC/CLS-L4-CUREUL_HS-ALT_SUM-V01.0_FULL_TIME_SERIE

No windage
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Testing GlobCurrent input

+ 3.5% of wind
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http://www.github.com/knutfrode/opendrift
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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/
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SST
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Wave measurements at Ekofisk
-November 2015



Norwegian Meteorological Institue48

Controlled Meteorological Balloons
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Comparison of CMET and WRF Profiles
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Troll Antarctica 2012
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ABOA campaign January 2013
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CMET hourly data
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Possible student projects

● GUI for OpenDrift (python)
● Oil/Ice module for OpenDrift (python)
● Analysis tools for SailBuoy or CMET Balloons 

(python/matlab)
● Statistical tools – capacity building projects in Vietnam or 

Myanmar (R/python/matlab)
● Contact: lrh@met.no
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