




The water is now darker

Comparison of sea floor area within photic zone pre- and post-1950 for PMX and EAP during 
summer (May–August). The dark areas indicate part of the sea floor which were in the photic 
zone in summer pre-1950 and in post-1950; lighter areas used to be within the photic zone in 
summer pre-1950 but not in post-1950; very light areas of sea floor were not in the photic zone 
in summer pre-1950 nor in post-1950



Production is now lower



Causes of North Sea change



Developments in satellite mapping of the 
intertidal zone and coastal seas  
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Remote sensing of phytoplankton

Observing and modelling phytoplankton community structure in the North Sea 
Ford et al. (2017) Biogeosciences 14: 1419-1444. 



Routinely in use for marine assessment and policy purposes: 

•  is easy to download and use 

•  has a harmonised time series since 1997 

•  has 1 – 4 km spatial resolution 

•  correlates well with in situ measurements in offshore waters

Satellite ocean colour



Complex coastal waters



Validation versus in situ



Validation versus in situ



Understanding coastal ecosystem response 

Can remote sensing be of use? 

Problems:  wide range of habitats to sample 
  access can be difficult 
  traditional monitoring programmes are expensive 



Designing 
effective 

monitoring  
 programs and 
guiding best 

practice

Intercalibration

RS and GIS tools

New methods

Site studies



Tidal flat

Spectral image

Remote sensing of the Westerschelde estuary

Deronde, Kempeneers, 
Forster 2006



Sentinel satellites + in situ component

Sentinel-2 for inshore waters

HIGH spatial and temporal Resolution Ocean Colour products and 
services (2014-2017)

S2A June 2015 

S2B March 2017



Intertidal sediment surfaces



Time series of NDVI for The Wash



Sentinel-2 RGB



Sentinel-2 IR false colour



Satellite revisit time for Landsat and 
Sentinel-2



Download 
module Formatting

Pre-processor 
IDEPIX

Adjacency 
correction 

SIMEC

Atmospheric 
correction 
ACOLITE

L2W

Automated processing chain

On demand processing
Download 

module
Atmospheric 

correction 
ACOLITE

Products for 
user



Atmospheric correction



Parameter (units) Symbol Type
Remote sensing reflectance spectrum (sr-1) at water 
level Rrs L2R

Aerosol reflectance spectrum RHOa L2R (aux)
Aerosol reflectance Angstrom exponent ANG L2R (aux)
Aerosol optical thickness AOT L2R (aux)
Suspended Particulate Matter (g m-3) SPM L2W/S
Turbidity (FNU) TUR L2W/S
Particulate backscatter at 555nm (m-1) bbp555 L2W/S (aux)
Chlorophyll a (mg m-3) CHL L2W/C
Algal pigment absorption coefficient at 443nm (m-1) apig443 L2W/C (aux)
Diffuse attenuation coefficient spectrum (m-1) Kd L2W/K
Diffuse attenuation coefficient of PAR (m-1) KdPAR L2W/K
Euphotic depth (m) Ze L2W/K
CDOM absorption coefficient at 443nm (m-1) aCDOM443 L2W
Secchi Depth (m) SD L2W
RGB Image (Rayleigh corrected) RGB L1

L2 Products 



Turbid wake formation downstream of wind turbine monopiles

Sentinel-2 case study – offshore wind



L2W product for 
 Suspended Particulate Matter



Environmental Impacts 
Assessment 

legal obligation for offshore wind 
farm construction

LANDSAT-8 … Sentinel-2 and high spatial resolution 
=> new Environmental Impacts visible

[Vanhellemont Q & Ruddick K (2014). Turbid wakes associated with offshore wind turbines observed 
with Landsat 8. Remote Sensing of Environment, 145, pp. 105–115. Open Access]

Sentinel-2 case study – offshore wind



Chlorophyll detection 
in situ observation 



Red / NIR Bloom detection

5th May 2017



Gons, 1999 RED/NIR algorithm

Red / NIR Bloom 
detection

Download 
module Formatting

Pre-
processor 

IDEPIX

Adjacency 
correction 

SIMEC

Atmospheric 
correction 
ACOLITE

L2W

Work in progress: (1) test R/NIR algorithms (2) incorporate into processing chain (3) 
develop user case studies 



Darss-Zingst bodden chain



Processing to estimate chlorophyll 
concentration (mg m-3)



5th May 2017

Build confidence in ocean colour

HIGHROC user case studies: offshore wind, 
dredging, aquaculture, water quality



In Situ measurements for 
Validation

Significant contribution to Validation of Sentinel-3, Sentinel-2 
(and Landsat-8, MODIS, PROBA-V, etc.)

Ferryboxes

R/V Belgica

Smartbuoy 
network

Mesurho 
Buoy

AERONET-OC 
(Thornton)

AERONET-OC 
(Zeebrugge)

AERONET-OC 
(Blyth)

Reflectance Validation

Reflectance, CHL-F, etc.

Cruises/Experiments: 
AOP+IOP

Turbidity 
Kd 
CHL-F



Ocean colour validation



Haile Sand, Humber

Tower Roughs, 
Thames

Search for a UK site (1)



NOAH met mast, off Blyth, Northumberland 

Detailed wind measurements for OWF  

Deck at 21 m 

24V power supply 
Internet comms 

Search for a UK site (2)



Panel PC

Control box

UPS 12V 
battery

U.P.S.

12V battery 
for 
AERONET

robot

Layout



Maintenance



First data at NASA GSFC



Surface reflectance



Thank you!

HIGHROC: www.highroc.eu 

New H2020: DSC4COP – I need a postdoc 
(datacubes, Jupyter notebooks, HPC…)  

Sentinels: 
About: http://www.copernicus.eu/main/
sentinels  
Viewer: http://apps.sentinel-hub.com/eo-
browser/  

http://www.highroc.eu/
http://www.copernicus.eu/main/sentinels
http://www.copernicus.eu/main/sentinels
http://www.copernicus.eu/main/sentinels
http://apps.sentinel-hub.com/eo-browser/
http://apps.sentinel-hub.com/eo-browser/
http://apps.sentinel-hub.com/eo-browser/

