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ABSTRACT 
 
During the last decade, the performance of wave models 
has significantly improved in term of wave analysis and 
forecasting, thanks to a better quality of the wind 
forcing fields, to the refinement of numerical wave 
model and to the assimilation of satellite altimeter data. 
Today, four satellite altimeters are in operation and the 
positive impact of altimeter data assimilation in 
numerical wave models at global scale has been proved 
and estimated by several authors .  
Data assimilation at regional scale is presently an issue 
of interest and the knowledge of spatial correlation 
functions for prediction errors have to be derived for 
small basins where complicated structures are expected 
due to very high time and space variability of wind 
speed. 
Altimeter data are the only observation providing us 
with spatial distribution of wave properties  that can be 
used to derive the required error correlation functions. 
Because of their global coverage, altimeter data are also 
very valuable for assessing the impact of other satellite 
data for wave analysis and forecasting. In particular, the 
usefulness of Advanced Synthetic Aperture Radar 
(ASAR) for such purpose has been recently investigated  
by using altimeter data. 
Buoys data are mainly located in the Northern 
hemisphere and in coastal areas while altimeter  data are 
uniformly distributed over the ocean making them very 
useful to locate wave model errors in order to improve 
wave model parameterization of source terms and wave 
model numerical aspects.   
 
1. INTRODUCTION 
 
Wind waves affect human activities and have great 
geophysical significance. Therefore, their study, 
observation and prediction are crucial to satisfy the 
various needs such as the security of people and goods, 
by issuing warnings, the structure design by providing 
climatological data, and rescue with dedicated 
assistance. One other important need is related to the 
management of activities at shore and off-shore, 
fisheries, ship routing and naval operations. Finally, 
consultancy activities also require wave information,   
in particular for accident reports. To satisfy those needs, 
several means have been developed such as 
observations from in situ measurements or from space, 

modelling of winds and waves, data assimilation 
techniques and climatological data sets.   
During the last decade, the performance of wave models 
has significantly improved in term of wave analysis and 
forecasting, thanks to a better quality of the wind 
forcing fields, to the refinement of numerical wave 
model and to the assimilation of satellite altimeter data. 
Today, two satellite altimeters are providing real time 
wind/wave information and the positive impact of 
altimeter data assimilation in numerical wave models at 
global scale has been proved and estimated by several 
authors (Lionello et al., 1992; Skandrani et al, 2005) .  
 
2. OBSERVATIONS AND DATA ASSIMILATION 
 
Visual observations of wind and wave properties from 
ships have always been of great importance, and will 
continue to be important. However by their nature these 
observations are subjective, and whilst useful in 
assessing marine forecast products, the data are not 
sufficiently precise to permit assimilation or direct 
application in numerical wave models. Moreover, there 
are large unsampled areas over the oceans due to 
missing ship routes. Instrumented observations of wave 
height, wave period wind speed and direction are 
available from a network of moored buoys operated by 
National Agencies, or by the offshore oil industry. 
However this network of buoys that are routinely 
available via the GTS is too sparse to give anymore than 
a local impact from assimilation into a global wave 
model (figure 1). 
 

 
Figure 1. Fixed locations (red dots) for ocean wave and wind 
data regularly available on GTS in 2005 



Many of the buoys are in coastal waters, and the 
network aims to sample “incoming” waves for coastal 
applications and any impact in model assimilation will 
therefore be short-lived. A revolution for observing 
waves in quasi real time happened with space 
instruments with the launch of ERS-1 in 1991. Then 
observations were made available with ERS-2 en 1995 
and Jason-1 in 2002. The availability of such high 
accurate observations with global coverage (figure 2) 
has stimulated the development of data assimilation 
techniques. Since then, many studies have shown the 
positive impact of assimilating such data in numerical 
wave models (Lionello et al. 1992, Skandrani et al. 
2003) and most of meteorological centres that operate 
global wave models are now using altimeter data either 
for validation purposes or for data assimilation purposes. 
For instance ECMWF, Meteo-France and the Australian 
Bureau of Meteorology are currently assimilating  data 
from Jason and Envisat altimeters. The impact of 
assimilating several altimeters ( Skandrani et al. 2003) 
at the 51001 buoy (Hawaii) is shown on figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. significant wave height from Jason-1 and Envisat  
altimeters over a 6-hour time windows. 
 
 
Also, altimeter data are used to derive the error 
correlation functions from observations at global scale 
(Greenslade and Young 2004) and regional scale 
(Skandrani et al., 2005). Those functions are essential to 
spread observation information over space in the data 
assimilation schemes. The impact of altimeter data can 
be increased by using spectral information derived from 
other type of sensors. The Envisat Advanced Synthetic 
Aperture Radar delivers in quasi real time wave spectral 
information mainly for swell components of the sea 
state. Aouf et al. (2006) have shown that  the impact of 
satellite data assimilation on wave analyses and 
forecasts, both in term of magnitude and duration, is 
increased by combining altimeters with ASAR data. 
When assimilating only altimeter data, the impact after 

3 days is very limited compared to the case where both 
altimeter and ASAR data from ENVISAT have been 
assimilated in the wave model as shown of figures 4 and 
figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. time series for the significant wave height at buoy 
51001 location from buoy measurements (brown curve), from 
model without assimilation (black curve), from model with 
assimilation of one altimeter (red curve), of two altimeters 
(green curve),of three altimters (blue curve). The assimilation 
period endeds after 19 days (black vertical mark). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Significant wave height difference in meters between 
a wave model run with assimilation of altimeter data (Envisat 
RA) and without any assimilation, 3 days after stopping the 
assimilation. 
 

Séries temporelles de hauteur de vagues issues de m odèle et de la bouée 51001 (Hawaii).
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Figure 5. Significant wave height difference in meters between 
a wave model run with assimilation of altimeter data (Envisat 
RA) and without any assimilation, 3 days after stopping the 
assimilation. 
 
3. MODEL VALIDATION 
 
Buoys data are mainly located in coastal areas of  the 
Northern hemisphere while altimeter  data are uniformly 
distributed over the ocean making them very useful to 
locate wave model errors in order to improve wave 
model parameterization of source terms and wave 
model numerical aspects. In some areas, altimeter 
measurements data are the unique source of data for 
model validation. For instance, offshore wind and wave 
data from Jason and ERS-2 have been used to validate 
several numerical weather prediction models and wave 
prediction model over the Mediterranean sea (Ardhuin 
et al. 2006). An example of such validation is shown on 
figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Scatter diagram of the model significant wave height 
versus the Jason altimeter significant wave height for a one- 
month period over the Mediterranean sea.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Five years of ship accidents due to bad 
weather. It includes total losses to all propelled sea-
going merchant ships in the world of about 100 ton and 
above (Bitner-Gregersen)  
 

 
 
Figure 8. Scatter diagram of model data against 
altimeter data for some of the accidents  conditions.  
 
The Lloyd’s Marine Information Service (LIMS) 
operates a ship accident database. From it, about 650 
incidents for ships above 100 tons due to bad weather 
were extracted during a 5 years period (Figure 7). In the 
framework of the “MaxWave” project (EC project) , 
sea-state conditions associated with the ship accidents 
were investigated in order to better understand “freak 
waves” occurrences.  To do so, wave spectra from 
numerical model have been collocated to the ship 
accidents. The altimeters data have been used to assess 
the first moment of the wave spectra , which are related 
to the significant wave height (figure 8) . For instance, 
thanks to altimeters data, it has been confirmed (Toffoli 
et al. 2006) that most of the accidents occurred in 
relatively low sea state (below 4 m). 
 

0 2 4 6 8 10 12 
0 

2 

4 

6 

8 

10 

12 

H m0  [m] - Radar Altimeter 

H
 m

0  [m
] -

 E
C

M
W

F
 

ERS-1 
ERS-2 
TOPEX 



4. CLIMATOLOGY 
 
Long term climatological data over the sea are very 
important for several reasons, ranging from scientific 
knowledge to crucial applications such as safety at sea 
and the design of sea structure. Till the 90’s, the only 
source of  data required for such statistics was the 
collection of  visual observations  with their limitation 
as mentioned above. The launch of ERS-1, ERS-2 and 
Topex-Poseidon offered an unprecedented continuous 
flow of wind and wave measurements. At the same time 
the improvements in computer power and numerical 
modelling led to a continuous synoptic description of 
the description of wind and wave characteristics at sea.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. cover of the Medatlas electronique wind/wave 
Atlas.. 
 
However, numerical models often fail in describing 
accurately strong events, especially in areas where 
strong spatial gradients are due to a complicated 
geometry of the basin, as in the case of the 
Mediterranean sea. The satellite measurements are 
hopefully very useful to correct such model data. 
So, these two sources of data have been used to derive a 
wind/wave atlas of the Mediterranean  (MEDATLAS, 
Stefanakos et al., 2004). 
This atlas is made available by most of the partners of 
the Western Europenan Union and Western European 
Armaments Organisation Research Cell Project 
MEDATLAS. 
 
5. CONCLUSIONS 
 
The positive contribution of altimeters for wind/waves 
applications has been clearly established and most of 
meteorological centres that operate global wave models 

are now using altimeter data either for validation 
purposes or for data assimilation purposes. In order to 
better benefit of altimeter data availability, the use of 
improved parameters such as the mean period or wind 
speed has to be investigated. The accuracy and the 
spatial resolution of altimeters allows to validate today’s 
regional models. Finally, the impact of satellite data 
assimilation on wave analyses and forecasts, both in 
term of magnitude and duration, is increased by 
combining altimeters and ASAR data.  
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