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The current state of affairs
What, where, how and why?



Accurate bathymetry is 
essential for many applications. 
◉ Ocean Modelling

◉ Shipping

◉ Coastal Management

◉ Flood Defence



A method was developed by  
Bell, Bird & Plater (2016) to use 
X-band radar to obtain 
intertidal bathymetry. 

This method uses the strongly 

returned intensity signal from the 

waterline, compared with a tidal 

signal, to obtain a full intertidal survey 

every spring-neap cycle.



Paul S. Bell, Cai O. Bird & Andrew J. Plater (2016).
A temporal waterline approach to mapping intertidal areas using X-band marine radar.
Coastal Engineering, Volume 107, pp. 84–101
http://dx.doi.org/10.1016/j.coastaleng.2015.09.009

http://dx.doi.org/10.1016/j.coastaleng.2015.09.009


Where are we looking at? 

Bell, Bird & Plater 

applied their method to 

the Dee Estuary, 

between the Wirral and 

North Wales.



So where do I come in?
Well, there’s room for improvement!

?



The current method applies a 
spatially uniform tidal signal 
over the entire domain.

This means that differences in tidal 

phase and local variations in water 

level will affect the accuracy of the 

generated bathymetry.

?



One method to try and fix this is 
using models.

Using the DELFT3D-FLOW coastal 

model and the SWAN wave model, 

with bathymetry from the current 

method, I will aim to get a unique tidal 

signal for each 5m grid square.



Then, iterate the methods.

Interim 
bathymetry 

from 
current 
method

Use these 
signals to 
get new 

bathymetry

Obtain 
tidal 

signals 
from  

model



Another method uses the radar 
signals directly.

Taking the cross correlation of the 

intensity signal of each pixel with the 

tidal signal, we can estimate the lag 

between the two signals. This gives 

local differences in tidal phase.

𝜒𝜂,𝐼



𝜒𝜂,𝐼
◉ Pixel time series 𝐼𝑡

𝑟,𝜃

◉ Tidal elevation 𝜂𝑡

◉ Cross-covariance at lag 𝑇:

𝜎𝜂,𝐼 𝑇 =
1

𝑁−1
σ𝑡=1
𝑁 (𝜂𝑡−𝑇 − 𝜇𝜂)(𝐼𝑡

𝑟,𝜃 − 𝜇𝐼)

◉ Cross correlation is then

𝜒𝜂,𝐼 𝑇 =
𝜎𝜂,𝐼(𝑇)

𝜎𝜂,𝜂(0)𝜎𝐼,𝐼(0)

◉ Then, find peaks in 𝜒𝜂,𝐼(𝑇)





◉ Buoys show up as strong returns 

on the radar plot.

◉ We can then track the buoys 

moving on their moorings, to get a 

time series related to tidal 

currents.

◉ Then, apply the same correlation 

method as before.





Is it any good?

?



Validation
Compare 
buoy and 
raw data 
methods

Current:
POLCOMS

180m 
Liverpool 

Bay

Compare 
phase 
with 

model 
results

Future:
DELFT3D-
FLOW at

~5m 
resolution

Compare 
with 

ADCP or 
elevation 

data

Time 
series do 

not 
overlap Apply 

method to 
areas 

with more 
data



Conclusions
◉ These methods could provide a way 

to determine local tidal phase 

differences.

◉ This would have a direct effect on 

the accuracy of the waterline method 

for bathymetry estimation.

◉ However, more validation is needed 

to determine the true accuracy of 

the method.



Any questions ?

Thanks!


