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ABSTRACT 

For several years the Marine Forecasting Centre at 
the Norwegian Meteorological Institute (met.no-MFC) 
has delivered weather routeing services to the merchant 
fleet. In recent years the service is further developed in 
cooperation with C-MAP Norway, to increase 
functionality and presentation quality. The resulting 
presentation tool opens for distribution of newer 
findings that will help improving safety and economy at 
sea. For example: forecasting of probability of freak 
waves (results from the EU-project MaxWave), 
improved ice-information given from earth observing 
satellites (ESA project ICEMON). These two projects 
are shortly presented herein. 

INTRODUCTION 
Transport of goods by ship is the most effective 

way (in cost per ton and per mile) and takes about 95% 
of total transport worldwide. Increasing demand in 
developing countries will only increase the need of sea-
transport. There were about 18000 ship accidents world 
wide counted during a 20 year period. Only a small 
percentage occurred in bad weather. Even though this is 
not a high number, one loss of life at sea is always one 
too much. How many are lost per year worldwide due to 
bad weather is an uncertain number, but total number of 
losses is certainly large enough to make this conference 
of interest.  

The losses occur despite improvements within 
forecasting and communication technology.  

One may ask if the available information is really 
available onboard. Traditional distribution of weather 
forecast has been over radio or radio-fax. Newer ships 
are well equipped and can even log onto internet, but 
there is a large amount of information to chose from, 
and it is, mostly, time consuming to download. Also, 
many kinds of navigational data (weather included) are 
spread over different platforms on board. Heavy work 
load on officers doesn’t always allow for enough time to 
check all systems for information. And this information 
is also not always useful or updated.  

There is no tradition to consider weather routeing 
tools (or weather information systems) as essential 
safety equipment on board. This may be due to earlier 
uncertainty in forecasts that lead mariners to rather rely 
on own experience and knowledge of local weather. 
Availability is another factor. But forecast reliability has 
improved considerably as well as availability over the 
last two decades and it may be time to reconsider these 
traditions.   

Cost effectiveness of weather information is 
difficult to evaluate, but from a meteorologist point of 
view it may appear that weather information has too low 
rank in priority. Downloading weather information is a 
low cost affair compared to many other investments 
performed. We see ships with state of the art equipment, 
but no priority on weather information. Communication 
costs may sometimes hinder downloading of essential 
information.  Communication effectiveness is of course 
something to improve. 
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 The information to be distributed (weather 
forecast) has been subject to a constant development 
also. The way meteorological phenomena are 
mathematically modeled has improved, and 
computational capacity seems never to stop increasing. 
Therefore wind and wave forecasts have become quite 
reliable even for up to 5 days, and forecasts up to 10 
days are available globally, though with more 
uncertainty.  

Use of weather satellites started in the early 60’s. 
Today there is a strong dependence on satellite data in 
the ECMWF (European Centre for Medium range 
Weather Forecasting) system and the influence of other 
data types are becoming less important for atmospheric 
modelling and forecasting.  

In the next sections we present some of the latest 
results within this technology that is waiting to be used 
by mariners for better safety and planning of operations 
at sea. There are many projects that could be mentioned, 
spanning over a large variety of topics. We here 
concentrate on reporting from one project dealing with 
freak (or rogue) waves: The EU project MaxWave: 
“Rogue waves – Forecast and Impact on Marine 
Structures” (for partner list, see acknowledgement) and 
another project ICEMON (Sea Ice Monitoring and 
forecasting in the polar regions), funded by ESA 
(European Space Agency) and EU.  

 

NOMENCLATURE 
· Hs: significant wave height: the average of the one 

third highest individual waves in a time series of 
f.ex. 20 minutes (can be 30 min also).   

· Hmax: Maximum individual wave height in a 20 
minutes time series  

· Individual wave height: height from trough to crest 
· Crx: Maximum crest height (from mean sea level to 

top of crest) 
· Freak wave: no definition is determined exactly, but 

these 2 criteria are working criteria:   
o Hmax/Hs > 2.2  
o Crx/Hs > 1.2 

· ALS: Accidental Limit State: corresponding to 
ability of the structure to resist accidental loads and 
to maintain integrity and performance due to local 
damage or flooding  

· CEA: Cost effectiveness Analysis  
· ESA: European Space Agency 
· ECMWF: European Centre for Medium range 

Weather Forecasting.  
· ESA: European Space Agency 
· ETMSS: Expert Team on Maritime Safety Services 
· ETWS: Expert Team on Wind Waves and Storm 

Surges 
· IACS: International Association of Classification 

Societies. 
· IMO: International Maritime Organization 
· IOC: International Oceanographic Committee 

· JCOMM: The Joint Commission for Oceanography 
and Maritime Meteorology 

· GMES: Program for Global Monitoring for 
Environment and Security   

· GMDSS: Global Maritime Distress and Safety 
System 

· MMMS: Manual of Marine Meteorological 
Services 

· ULS: Ultimate Limit State: corresponding to the 
maximum load carrying resistance 

· WMO: World Meteorological Organization 

FREAK WAVES – ARE THEY OUT THERE? 
The notion of freak waves has been used for a long 

time among sailors. It is a fact that sailors have reported 
extraordinary wave stories, but it is also a fact that 
during the first 15-20 years of instrumental wave 
measurements, eventual occurrence of freak waves were 
handled as noise and simply filtered out from the 
records. Quality control in those days removed noise 
and only filtered data were stored. But still after a 
philosophical change in quality control of wave 
measurements, it took about a decade before the famous 
Newyear wave at Draupner (see figure 1), a North Sea 
platform operated by Statoil, was measured. Crest 
height above mean sea level Crx=18.5m, Hs=11.9, so 
the crest to height factor was Crx/Hs= 1.55. Water 
impact at recorded height could not disqualify the 
measurement. The wave has intensified research on the 
topic.  

 
 

Figure 1 The Draupner wave (or Newyear wave), 
measured 1.january 1995 at the Draupner platform, 
58.2°N, 2.5°E. Crx = 18.5m, Hs=11.9m. Hmax = 
25.8m.  

 
The topic of maximum crest height had already 

been of concern for some offshore installations for a 
number of years. At Ekofisk, a platform complex 
operated by ConocoPhillips in central north sea, 
subsidence was evidenced in 1984 and actions were 
taken, like extension of platform legs by 6 m, to reduce 
danger of wave impact above ‘bottom of steel’. But the 
biggest storm ever measured in the North Sea, 12. 
December 1990, made a lot of damages at levels higher 
than the maximum crests reported by the waverider 
buoy nearby. After that storm a special wave warning 
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system provided by met.no (EXWW, Ekofisk eXtreme 
Wave Warning) was established to ensure that safety 
measures are taken in time in case of a new strong 
storm. The Ekofisk complex is now instrumented with a 
number of wave recorders to ensure good surveillance 
and background for wave analysis (see Figure 2). Data 
are sent in real time to met.no. Some of the storm 
measurements have been chosen as analysis basis in the 
MaxWave project [2].  A few waves satisfy the criteria 
for a freak wave. Values up to Crx/Hs=1.4 have been 
recorded.   

Statistical evaluation of the data has been 
performed in the MaxWave project (Bitner-Gregersen, 
2003) and, so far, it can be stated that the waves 
recorded at Ekofisk are predicted with 2nd order 
statistical models (Forristal, 2000). The Draupner wave 
on the other hand is not, and a question remains if there 

exist waves that don’t belong to the standard population 
of waves that is used for design of ships and offshore 
structures.  

Studies on the mathematical and dynamical 
description of these waves are being made by several 
groups (see Janssen, 1991, 2003, Onorato et al, 2000, 
Dysthe and Trulsen, 2003). From the simulation of sea 
surface using integration of the non-linear Schrödinger 
equation, some relations are found between parameters 
that can be calculated from the wave spectra and 
probability of occurrence of rogue waves. These 
parameters are tested against measurements in 
MaxWave and no direct correlation is found, but there 
are indications that the large crests occur at smaller time 
scales than those used to evaluated these parameters. 
The project is not yet ended and further results are 
expected within the end of the year.  

 
 

 
 

Figure 2 The Ekofisk complex, central North Sea (56.5N,3.2E) operated by ConocoPhillips. There are now 5 different 
wave measuring systems on site: 2 downlooking radars/lasers, one waverider buoy, one WAMOS (marine radar) and an 
array of 4 downlooking lasers. The last one is situated on the bridge connecting the 2 platforms (2/4-K to 2/4-B) seen 
north in the picture. 

 
A group from DLR (Deutsches Zentrum für Luft 

und Raumfahrt e.V) has in MaxWave developed 
routines for extracting local wave height information 
from SAR images from satellites. Results are 
remarkable and the method opens for making new wave 
databases for open ocean areas or polar areas where 

traditionally data are unavailable. Figure 3 shows the 
time series extracted (lowest panel) from an image with 
the highest maximum height (central panel) found 
among all images recorded during a 27 days period 
from the ERS-2 satellite. This maximum wave height is 
29.8m high and has a height factor Hmax/Hs = 2.9. The 



1st International Marine Weather Conference, October 14-15, 2003, London, UK           4 

uncertainty in these figures is being analyzed. The 
results obviously open for improved knowledge on 
waves globally. Similar observations can be obtained 
from marine radars. One such (a WAMOS) is placed at 
Ekofisk. The data gathered from this system and from 
ERS-2 imagettes have been analysed for correlations 
between spectral parameters and occurrence of extreme 
waves. Here too, as in in-situ data, direct correlations 
are not found.  

 

 

 
 

 
 

Figure 3 Top panel: Hmax values for each imagette 
(SAR image 10x10km) observed by ERS-2 during 27 
days. Central panel: retrieved sea surface elevation in 
the imagette with highest Hmax. Lower panel: Sea 
surface elevation on the line traced in central panel.  

 

One purpose with MaxWave was to promote the 
use of sea-sate related parameters and in particular to 
introduce new warning criteria for rogue waves and 
dangerous sea-states. The joint WMO/IOC Technical 
Commission for oceanography and Marine Meteorology 
(JCOMM) is the intergovernmental body of technical 
experts in the field of oceanography and marine 
meteorology, with a mandate to prepare both regulatory 
(what Member states shall do) and guidance (what 
member states should do) material. JCOMM is the 
reporting and coordinating mechanism for all 
operational marine activities in both WMO and IOC.  
During MaxWave, major updates of MMMS (Manual of 
Marine Meteorological Services) have been performed, 
including sea-state as a mandatory parameter in MSI 
(Marine Safety Information) and a potential criterion for 
warning of dangerous sea-states/rogue waves. These 
updates have been agreed by JCOMM Expert Team on 
Maritime Safety Services (ETMSS). This Team includes 
representatives from U.K., France, Greece, USA, Brazil, 
Argentina, South Africa, Mauritius, India, Pakistan, 
Australia, Japan, China, Russian Federation, New 
Zealand and Chile. The updates will be presented for 
formal adoption by the next plenary session of JCOMM, 
planned in June 2005 in Halifax. ETMSS and ETWS 
(Expert Team on Wind Waves and Storm Surges) will 
continue to work together to take into account the future 
research results, in particular to include the future 
specific thresholds.      

The impact of freak waves on ship design practice 
is also discussed in MaxWave, see Bitner-Gregersen et 
al (2003). These waves represent operational risks to 
ship and offshore structures, and are likely to have 
caused a number of accidents. At present (October 
2003) it is recognized that the project has made 
significant contributions to the understanding of freak 
waves, but more research is still called for before these 
waves can be introduced in ship design practice. 
Particularly, consensus should be reached about the 
probability of occurrence of freak waves.  

It is put forward that although the existing safety 
level for global loads seems to be satisfactory (based on 
available global data), some revision of the ULS 
(Ultimate Limit State: corresponding to the maximum 
load carrying resistance) maybe considered depending 
on the probability of occurrence of freak waves. Based 
on current knowledge, it is suggested to introduce ALS 
(Accidental Limit State: corresponding to ability of the 
structure to resist accidental loads and to maintain 
integrity and performance due to local damage or 
flooding) for ships accounting for rogue waves with two 
scenarios: structural overload and flooding of holds. 
Cost effectiveness Analysis (CEA) will be used when 
possible inclusion of freak waves in current design 
practice will be considered. 

Warning criteria against freak waves are welcome 
by the shipping industry to be introduced in ship 
weather routing services (Serviceability Limit State 
(SLS).  
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The above issues are discussed by DNV operative 
units and DNV -IACS and -IMO representatives.  

EARTH OBSERVATIONS FROM ‘OUT THERE’- 
ON YOUR DESK IN REAL TIME 

Weather satellites have for long been used in 
forecasting. Figure 4 shows how cloud and moisture 
information evaluated from satellite information can be 
used as additional information during monitoring of the 
weather systems. 

 
 

 
 
Figure 4: Cloud information retrieved from 

METEOSAT superposed on isolines of atmospheric 
pressure (red lines) resulting from the atmospheric 
model run at met.no.   

 
Satellites carry different types of sensors. From 

some one can retrieve wind speed and direction 
(scatterometers), other give significant wave height 
(altimeters), and infrared sensors give sea surface 
temperature, among other. The SAR (Synthetic 
Aparature Radar) is used over the ocean to measure 
wave spectra, and ice information such as cover and 
thickness.  

ESA and EU are co-funding the GMES programme 
(Global Monitoring for Environment and Security) for 
an initial period of 2 years (2003-2004). 10 projects are 
running with the aim of building up services that are 
based on satellite information such as SAR. One of 
these projects is ICEMON (Sea ice monitoring for 
marine operation safety, climate research, 
environmental management, and resource management 
in polar region), see [3], which goal is to establish an 
operational sea ice monitoring capability of using SAR 
as a primary data source and with support from other 
satellite systems and other relevant data. Furthermore, a 
goal in ICEMON is to build a high resolution sea ice 
forecasting capability based on sea ice analysis and 
operational sea ice modeling. Figure 5 shows examples 
of products available from the Finnish Ice Service for 
the bay of Bothnia. This implies integration with 

operational weather and ocean forecasting services. 
Such capabilities do not exist today in Europe. 
ICEMON will plan, develop and implement an ice 
monitoring and forecasting service chain over the next 5 
years (until 2008) in an open service partnership of key 
European institutions. The ICEMON service network 
will be readily accessible to users according to user-
defined quality and standards.  
 
ICEMON will support several user segments:  
· Near real-time service to support sea transportation, 

fisheries, and other marine operations as well as 
weather services at high latitudes, 

· Offline data products to support climate 
monitoring, design of ships and offshore 
constructions, safety regulations and management 
of marine resources and environment 

 
 

 
 
 

 
 
 
Figure 5 Different ice and navigational information data 
are available. Here example of products available for 
end users. Top left: ice cover from satellite with traffic 
information. Top right: gray scale: high resolution 
satellite image. Color scale: Ice deformation chart. 
Bottom left: High resolution ice thickness map. Bottom 
right: Routine ice chart. Examples are kindly provided 
by the Finnish Ice service (a partner in ICEMON). 
 
Ice monitoring and forecasting services need to be 
closely integrated with corresponding services for 
atmosphere and ocean. The key ice centers in Europe 
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including Russia and Canada are members of the 
ICEMON consortium and user groups will support the 
implementation of the proposed ICEMON services.  

The long-term objective (5 – 10 years) of ICEMON 
is to deliver operational monitoring and forecasting 
services of sea ice conditions as part of an integrated 
network offering atmospheric, sea ice and 
oceanographical services at high latitudes for the benefit 
of Europe’s citizens. 

The short-term objective (1 – 2 years) is to 
demonstrate operational capability using SAR and other 
microwave satellite observing systems for ice 
monitoring in key areas of the Arctic Ocean and 
surrounding seas. The monitoring shall support climate 
research, environmental management, resource 
management and marine operation safety in Polar 
region in support of European policies on environment 
and security.  
 

MARINE FORECASTING IN RECENT YEARS   
In recent years the Marine Forecasting Centre at the 

Norwegian Meteorological Institute (met.no-MFC) has 
established relation to strategic partners, governmental 
and commercial, to find win-win relations by making 
enhanced products available through new or existing 
distribution channels. This strategy has given rise to 
several new services for the marine end users, i.e.: 
· Ship routing (weather routing) program presented 

on top of electronic sea charts (MFC + C-MAP 
Norway [1]). 

· An operational 3D oil drift model, calculating spill 
from deep site sources taking into account the 
current and density from a 3D current model (MFC 
+ SINTEF Marintek). 

· Search and rescue ( SAR) model. By help of US 
Coast Guard’s empirical SAR model, met.no’s 
forcing fields and a new way of handling 
uncertainties, this approach has proven to reduce 
searching time at sea. The model may be accessed 
from outside MFC, and results are i.e. sent by e-
mail (MFC + US Coast Guard). 

· Model for shipdrift, taking into account the most 
energic waves influencing the actual ship (MFC + 
Det Norske Veritas).  

· Current measurement from a HF radars on the coast 
of western Norway (Fedje), located at the fjord inlet 
used by oil tankers going to Mongstad, Norway’s 
most busy oil raffinery (MFC + Codar, [4]) 

 

DISTRIBUTION METHODS   
As mentioned, the mariner of today is faced with a 

variety of weather-information sources. As for many 
things onboard a high-tech ship, focus should be kept on 
honouring the old maritime acronym “KISS” Keep It 
Simple, Sailor.  

No doubt, it is possible to drown any officer with 
information and fancy gadgets. Suppliers should keep in 
mind what is essential for maintaining a safe and 

economic voyage. By taking a broader approach, it is 
possible for suppliers of different information to 
interact, putting their information together and act as 
one source of information to the benefit of the mariner. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Tracking the Hurricane “Isabel” in the C-Star 
Weather Routing System. White circles: Historic track ; 
Black circle : Latest observation;  Red circles:  
Predicted track  
 
      As an illustration can be mentioned that today there 
is no single source for reliable information on tropical 
storms around the world. This has been taken into 
account in the new C-Star Weather Routing System [1]: 
tropical storm information is collected from various 
sources around the world and presented as one possible 
layer on the ECS (Electronic Chart System).  
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Example of real time study of the Hurricane 
“Isabel”s vital numbers as she was in the latest actual 
observation (Black circle) Note: Exact position seen 
lower left corner of picture 
 
In the future we must allow ourselves to think the same 
way about presenting potential danger areas, for 
example areas with higher probability of occurrence of 
freak waves. For the Mariner it is essential that the 
warnings are presented in an integrated system, and as 
with weather, it is beneficial to present the information 
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as one of several possible layers in an ECS. The same 
principle is also true for displaying other geographical 
information. If we let our thoughts stray off for a 
second, it is clear that modern chart systems can be 
utilized for far more than just displaying chart 
information, and are ideal for handling and displaying a 
wide array of data. ECS systems can be turned into a 
source for many types of information i.e.: weather, 
weather routeing, hurricanes, ice, satellite observations, 
Search & Rescue (SAR) or drift of oil spill. As such the 
display systems can turn into being an efficient 
contingency planning tool and an everyday decision 
support system onboard. 

MARINE FORECASTING IN THE COMING 
YEARS 

In the next years the information flow will increase 
rapidly, feeding another challenge: how to extract the 
most relevant met-ocean information, integrating it with 
other relevant geographical information and presenting 
this in a most synergic and proper way? As we see it 
today, the answer depends on the end users. 
 
On board 
      Most probably there is more than enough 
information systems on board. Adding additional 
screens may be a safety risk and is generally not 

desired. The best is to get condensed new information 
presented in the main information system on board, for 
example the navigational system. MFC has taken this 
into account, and has together with C-MAP Norway 
developed an information system on top of the 
electronic navigational chart. In the first phase weather 
and sea state information, cyclone warnings and weather 
routing are presented on top of C-MAP’s sea charts. In a 
second phase, improvements can be done in adding on 
all kind of relevant information for mariners as possible 
layers, and also look into better distribution solutions. 
 
On shore 
     If the connection to internet is a cost effective high 
speed communication system, a taylor-made internet 
service may be profitable: a ‘GIS (Geograpichal 
Information System) – on web – solution’, see figure 8. 
MFC now develops, together with expertise in web 
presentation, a web-map-system which will allow 
everyone with a proper internet connection to download 
all relevant information through their web browser. 
Effort has been made to make this system as easy as 
possible, only making use of a web browser (like 
Microsoft’s Explorer). This web-map service may be 
further built out with functionality depending on the end 
users needs.  

 
Figure 8 Example of today’s common metoc information flow (black lines) 

and possible future information flow (red lines). 
 
On board:          Onshore:  
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CONCLUDING REMARKS – END USER 
DEFINED PRODUCTS AND EDUCATION OF 
MARINERS 

Marine weather forecasting is under strong 
development. Improved forecasts of the standard wind 
and sea state parameters have opened for new and more 
specific parameters to be forecasted or used in end-user 
defined products. The amount of data available is 
considerable and may in fact be a threat for safety at 
sea. It is important therefore to follow up this 
development into education of mariners. Simulators can 
be developed further in this respect. Standardization in 
end-user products is needed. All this relies on good 
collaboration between earth observing groups, weather 
forecasting groups and engineers. Newer projects seem 
to follow that thought.  
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