
A webcam for the entire North Sea?
Daily gap-filled 1km2 resolution images &
the international trend towards hourly geostationary images

image credit: NASA MODIS
http://www.spaceref.com/news/viewsr.html?pid=23750

Gerben J. de Boer (Deltares, TU Delft)
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Ocean color principle
http://www.ioccg.org/

Passive multi-spectral remote sensing:
receival of reflected and emitted 
radiation (light + IR + UV). False colour image

MERIS 
2002
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Ocean color processing

• Extracting 5% water leaving radiance from signal is expert work.
• Default NASA/ESA processing only for open ocean, case I.
• All turbid water require dedicated local algorithm.
• Standard products only useful for qualitative fumata bianca mode
• We now get images from

VU-IVM / WaterInsight
• MUMM, Belgium is

recognized world
leader on ocean color



A typical year: NOAA SST and SeaWiFS color

SST
Sea Surface
Temperature

Entire 1998

NOAA satellite
KNMI processed

SPM
Suspended
Particulate Matter
Entire 1998

NASA satellite
Atmopsheric
processing myself
with MUMM tools.
Conversion to SPM
from M. Eleveld.



Why I need temperature, salinity and ocean color
coverage 100-1000km, resolution 100m-1km 



State-of-the-art temperature, salinity and ocean color
Liege colloquium may 2012

Alas, not for North Sea:
±0.1 psu for 10 day,200km
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Polar orbiting satellites: where and when

Polar orbiters have inherent trade-off between
• temporal vs spatial resolution.
Ocean color: passive sensing of light: only daytime
• SeaWiFS 1day 1.1km 1500km swath
• MODIS 2days 1km 2330km swath
• MERIS 3days 300m 1150km swath
NOAA SST: 4 to 8 times per 24 hr
• Night time images too: passive IR radiation
• Multiple airborne satellites: 2 platforms
Receiving stations determines resolution too:
• GAC data: stored onboard, kept, sent down ‘at home”
• LAC data: satellite immediately broadcasts data: 

local receivers can store it, otherwise lost, e.g.
Dundee, Scotland. KNMI stopped SST after 15 yr.

Polar orbiting
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SEVIRI - full disc on Meteosat Second Generation (MSG)

Limited spectral resolution, back to emperical pre-CZCS
Limited digitization
But, unprecedented temporal resolution
But, 1 x 2 km spatial resolution

geostationary
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GOCI - Korean Geostationary Ocean Color Imager

Y.-J. Park @ Liege

500 m resolution
2500 x 2500 km2

hourly daytime data
6 visible bands
60 million euro
free ride spy satellite

geostationary
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Geo-Cape: ocean color for Americas

BAMS, DOI:10.1175/BAMS-D-11-00201.1

geostationary



and geostationary in Europe …

GOCI Korea was 60 million, incl. development.
9 countries around turbid North Sea, Irish Sea, Channel:
7 million each, + one military platform with 1 m3 free.

geostationary



but there’s a trick to get close: DINEOF gap filing

One year of SPM data processed with Hydropt,
Purchased bij Rijkswaterstaat . Gap-filled with DINEOF
Package from University of Liege.



On the use of a basic arithmetic, harmonic or EOF modes for 
comparison of ocean colour SPM imagery and low-frequency 
situ data in the southern North Sea

Gerben J. de Boer (Deltares, TU Delft)
Meinte Blaas (Deltares)
Loana Arentz (Deltares)
Niels Kinneging (Rijkswaterstaat WaterDienst)
Ackowlegdements: Liege GHER group for DINEOF

• North Sea physics: how I entered remote sensing
• Web cam: polar orbiting vs geostationary
• Assessing use of remote sensing vs DONAR MWTL data



1 year of ocean color vs DONAR: data amount

# pixels in 1 year of MERIS data
(binned to curvi-linear model)
50 to 80 good images per year

# pixels in 25 years of in situ data

max. 26 good samples per year



EOF analysis in situ data & remote sensing data

EOF1 EOF2 

time

space

EOF3 



EOF analysis in situ data & remote sensing data

Satellite EOF1 Satellite EOF2 

Harmonic reference



EOF analysis in situ data & remote sensing data

Donar EOF1 + 2 Satellite EOF1 Satellite EOF2 

Information content:
Objective method to 
find smallest algorithm
to describe data.

Rest of data is random/
Noise/uncertainty/….



1 year of ocean color vs DONAR: information

SPM

log(SPM)

Arithmetic mean A0 harmonic analysis Meanx,y,t+ EOF1



Conclusions

… a different monitoring strategy might be required. Deployment of a 
few semi-permanent moorings such as SmartBuoys … Ocean 
colour RS can be matched more easily against these mooring 
series which can serve as the linking pin between sea truth data 
and overpasses. …To get the most out of the expensive remote 
sensing missions, the prevailing belief that in situ monitoring 
provides the target truth might need some rethinking.


