
 

 
 

 

Topic 2d - Significant wave height 

 

Now you study something which is very close to my heart, and that is wave heights. Tell me how you 

use satellites to study wave heights. 

 

Well, we have, in our operational system, a wave model which is predicting wave parameters. So this 

model is using five differential equations. And we need to correct some uncertainties from the model, 

and the satellite data is very useful to correct these uncertainties. So then we are assimilating this 

satellite data often in the system, every six hours. 

 

So this is very important for our system to make sure with a reliable wave forecasting parameters. 

And also reliable ways of measuring built-in for security of people on the coast, and also for ships, 

and for the navigation. 

 

So this is all to do with the shape of the surface of the ocean. And we know that when the wind blows 

hard across the surface, it blows the ocean up into waves. And that's important if you're out in a boat-- 

you want to know what sort of waves are coming towards you. 

 

So what sort of range of wave heights do you see in the ocean? 

 

You have very high waves, starting from 6 metres. And also you have average waves-- less than 5 

metres. So in very strong low pressure system, you have strong winds which are generating waves. 

And then the waves that are generated, depending on the fetch-- the fetch is the distance of the 

blowing, distance of the wind. 

 

And if the distance is very large, so then you have very high waves is growing up. So it can be maybe 

more than 15 metres sometimes. We captured a wave height in the North Atlantic, for instance. 

 

And it's important to have forecasts, because a sailor would know, for example, that the wind is 

blowing hard now, but they might not know that yesterday 500 miles away the wind was blowing 

very hard. And those waves are still travelling. So this is a mixture of weather and also the actual 

surface of the ocean. 

 

Of course, yeah. This is very important, because we have a memory of the wave model, depending on 

the weather conditions. For instance, if you have low pressure system blowing in the North Atlantic 

area-- so this will generate swell, which will propagate until the western coast of Europe. And also, 

the western coast of Africa. 

 

In this example, we show here, very strong propagation from a swell to the western coast of Morocco. 

 

So we've got Europe. So Britain's up here-- Spain, and Portugal, and Morocco, and then America is 

over here. 

 

Yeah, so the low-pressure system is here, which generates a very strong wave height, very high wave 

height, which will propagate until the western coast of Europe. And also hit the Moroccan coast with 

8 metres of wave height. 



 

 
 

 

So if you know that there's 8-metre waves coming towards you, you want to know, today, so you can 

prepare for tomorrow. 

 

Of course, yeah. This is really-- we have to catch the right conditions at the beginning, and the model 

will play and we'll propagate the information until the coastal areas. 

 

So, if you're a sailor in a boat on the sea, and your boat is going up and down by 10 metres, it's very 

easy to know what the wave height is. But how does a satellite, that is far up in the sky, make that 

measurement? 

 

So the satellite has on board a radar altimeter which sends signal to the surface. And the surfaces 

backscatter the signal. 

 

So if this the wave, you should have the signal coming down, it hits the surface, and it goes back. 

 

Yeah, and very important for the process-- it's very small wave. So because it's a very small wave, 

they're backscattering very well the signal to the satellite. And from this information, we have 

algorithms to retrieve the wave height. And also the sea surface height for ocean circulation. 

 

So this is a very important process. And this is a novelty technique developed 20 years ago, and it's 

started from Topex/Poseidon and also improved after with the Jason series of altimeter. 

 

Now out for Sentinel Three, there is another algorithms called the SAR mode-- so it's a different way 

to catch the sea surface, but it's same process. 

 

So when we have a curvy wave surface like the, what we want to know is the distance between the 

troughs of the wave and the peaks of the wave. And that's a measure of wave height, and then you get 

a significant wave height from that. So what does the satellite signal look like-- if it comes down it 

bounces off this bit, bounces off that bit? 

 

Well, the satellite is sending a very high frequency signal, so it's very-- I think it's 500 microseconds 

signal. So then he can move on the waves and to backscatter all the signal, and we can retrieve the sea 

surface by using an average of all the signals, for instance, 10, or 100 of signals. So then we make an 

average, and then we get the wave height. 

 

So lots and lots of individual signals can be combined together to get this distance between the trough 

and the peak. 

 

Once you have collected the data of the current sea surface height range, and the current waves, you 

then add that data to a model which has not only the current wave height, but also yesterday's and the 

day before's, and the weather. And all of this works together to produce this. 

 

Yes, the wave model can give a first guess-- a wave parameters by using the forcing from the winds. 

And these wave parameters are not perfect. So then the satellite data will provide us a perfect 

observation for the wave height. So we will correct the wave height from the models by this 

information, and propagate this information in the model. So all the grid points of the domain. 

 



 

 
 

And for our purpose, it can be global scale. 

 

Maps like this look very familiar to me, because I've spent time out on research ships in there. And 

you sit there, and it can be a calm day, no wind, and you are told-- you look at these and you can see 

something like this is coming, but you have some hours of warning to strap everything down before 

these enormous waves appear. And so this is a very practical thing, if someone is out at sea on a ship, 

or they want to avoid this, or they want to go fishing, perhaps. This is really information they need to 

know. Who's using this? 

 

Ship navigation are using information from our operational system. Fishermen, and also the crews 

who are travelling from US to the European coast. And many other applications, like defence 

application. So we have a very large and diversity of users. 

 

And there's also things like, for example, oil platforms-- you know, if you build a structure in the 

ocean. 

 

Of course, the oil platform are very important for industrial applications. So then they need sometimes 

a building to protect their platforms, and also to continue or to stop the production of oil-- to not make 

pollution induced by the oil. So sometimes, they need forecasting built-in, and we have in many 

places in western of Africa and the Gulf of Guinea, we have a contract with Total, which is a 

company. And we provide them with forecasting built-in. 

 

Satellites are getting much better very quickly, and there's new satellites in the sentinel system coming 

on board. How much is that improving things, like wave models? How much is it improving life? If 

you're in the middle of the ocean there, how are these new satellites making a difference? 

 

So if we have many satellites-- so then we will correct the area used in the model many times a day. 

So this is very important-- the coverage is very important. And these days, we have I think three or 

four satellites are flying. So then, this is very good for our operational system-- it makes it very sure 

and reliable wave parameters. 

 

We will have also a satellite providing-- like Sentinel 3-- providing wave spectra, which means that 

this provide the energy of the spectrum with the frequency of waves and the direction. This is also 

another wave observation which is important in our operational wave forecasting system. 

 

So the wave spectra-- that gives you the shape, whether you've just got single smooth waves, or lots of 

waves if lots of different sizes and types. 

 

Of course, you're right. So the wave spectra can give you many wave system combined in the same 

place. So sometimes we will have one, two, or three wave systems coming from different directions. 

This is very important. And this has to be implemented in the wave model in order to improve the 

wave forecasting system. 

 

And it's lovely, isn't it? Because the atmosphere is massive-- the ocean is massive-- and there's this 

thin boundary layer between them, and yet it changes shape. And this is how you watch those shape 

changes, and watch the shape changes coming towards you. It's a lovely idea that the surface of the 

ocean is like a sheet, and there's all of these complicated things going on. And yet, using satellite data 

integrated with models, you can't change what's going to hit you, but you can know it's coming. 



 

 
 

 

Yeah, this is very important. At the interface, you have the atmosphere and the ocean, and you have 

the waves between. And the waves is a very important process in order for a coupling-- so there is 

exchange between the atmosphere and the ocean. And if you have the right sea state, improved by the 

satellite data, then you will improve your ocean circulation. 

 

And then you will improve also your sea surface temperature, and also improve your velocity of wind 

at the sea surface. It's a complex system, and also carbon system. We have to get this in mind. It's very 

important-- the waves are very important on the sea surface. 


