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Overview 

• Challenges of ocean research 
• Observing the ocean 
• Break 
• Satellite-Oceanography 
• Ocean Colour Remote Sensing 
• BEAM: Tool for the analysis of Satellite data 
• Film: The Science of Ocean Colour  
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The Blue Planet 

photo: NASA 

 70% of the earth 
surface is covered by 
ocean 

 determines the 
atmosphere and 
climate and life 

 main component of the 
global ecosystem, food 
web, bio-geochemical 
cycle 



Why are we interested in Ocean? 

• Important role in climate 
• Biodiversity and living resources -> food 
• Ressources: minerals, oil, gas, wind energy, tidal enegy 
• Traffic: waves, currents 
• Coastal protection: waves, tide and floods, sea level rise 
• Recreation 
• Sink for wastes 



Sunlight heats the Ocean 

The ocean drives the atmospheric circulation by heating the atmosphere, mostly in the tropics.  
Heating of earth's surface by solar radiation, in W/m2,  
calculated from the ECMWF 40-year reanalysis of atmospheric data.  
Notice that most of the heat absorbed by earth goes into the tropical ocean.  
From Kallberg et al 2005. 



Ocean drives the Circulation in the Atmosphere 

Rain in the tropics warms the 
atmosphere and drives the Hadley 
circulation. 
Image from The Why Files. 

The Hadley cells (circulation) 
are a major part of the climate 
system.  
Image from NASA Earth Observatory, 
Fewer Clouds Found In Tropics.  

http://whyfiles.org/174earth_observe/4.html


NASA, http://en.wikipedia.org/wiki/Image:Mass_balance_atmospheric_circulation.png 



Energy transfer 

Zonal average of heat gained from 
the sun (red line) and lost to space 
by emitted infrared radiation (green 
line).  
Image from Lyndon State College Survey of 
Meteorology course by Nolan Atkins. 
 

Zonal average of heat transported by the 
atmosphere and the ocean in units of 
petawatts (PW = 1015 Watts) (solid black 
line), by the ocean (red dashed line), and by 
the atmosphere (blue dashed line), 
averaged along lines of constant latitude. 
The ocean is important for carrying heat out 
of the tropics, and the atmosphere is 
important at latitudes greater than 20°. 
From Wunsch (2005). The Total Meridional Heat Flux 
and Its Oceanic and Atmospheric Partition. Journal of 
Climate, 18: 2374–2380. 



Atmosphere Ocean interaction 

25-year average of 
heating of the 
atmosphere  

25-year average of 
rain rate.  
From Japan 
Meteorological 
Agency, Japanese 
25-year Reanalysis 
(JRA-25) Atlas. 
 



Conveyor Belts in the Ocean 



Hannes Grobe, Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany 



Film: Light the Ocean 

http://www.youtube.com/watch?v=9zck4C9DzUM 



Climate change – global warming 

 

Source: IPCC AR4 / P. Lemke 
100   0.074±0.018 

  50    0.128±0.026 
Period      Rate 
 
 
Years  °C/decade 



Meeresspiegelanstieg nach der Eiszeit 

figure by Robert A. Rohde 



Anstieg des Meeresspiegels 



From satellite data 

http://www.cmar.csiro.au/sealevel/sl_data_cmar.html 



Sea Level trends 

http://ibis.grdl.noaa.gov/SAT/SeaLevelRise/LSA_SLR_maps.php 



The marine foodweb 



The Ocean and Ocean Life Strongly Influenced Earth's Climate 
Over Billions of Years  

• Over millions of years, the concentration of gases in the atmosphere is 
determined by life, in particular in the ocean 

• On a deeper level, oceanic microbes irreversibly altered the geochemistry of 
earth and the biogeochemical cycles of H, C, N, O and S 

• The evolution of photosynthesis remade the Archaean Earth 
• Photosynthesis: O2 and CO2 -> life on earth, climate, geochemical cycle 
• Stratospheric ozone layer which protects all life from solar ultraviolet 

radiation 
• Oil shale, coal, oil, and natural gas 



Phytoplankton strongly influence cloud formation  

• Phytoplankton in the ocean 
produce dimethyl sulfide (DMS) 
that is converted to sulfate 
aerosols (SO4), which influence 
the amount of sunlight reflected by 
clouds. 

• Because about one-third of the 
sunlight reaching earth is reflected 
back to space by clouds, any 
process that influences cloudiness 
also influences the amount of 
sunlight that is absorbed by earth.  
 

• From Oceanic Dimethylsulfide (DMS) and 
Climate by the Atmospheric Chemistry 
Program at the National Oceanic and 
Atmospheric Administration's Pacific Marine 
Environmental Laboratory. 



Essential Climate Variables of the Ocean 

• Surface 
– Sea-surface temperature 
– Sea-surface salinity 
– Sea level 
– Sea state 
– Sea ice 
– Surface current 
– Ocean colour 
– Carbon dioxide partial pressure 
– Ocean acidity 
– Phytoplankton 

• Sub-surface 
– Temperature, Salinity 
– Current 
– Nutrients 
– Oxygen 
– Tracers 

 
 



Present hot topics of ocean environment 

• Warming 

• sea level rise 

• sea ice retreat 

• acidification 

• oil pollution 

• Change in species composition and distribution 

• coral bleaching 

• overfishing 

• plastic wastes 



Acidification of the ocean 



Acidification 



Acidification of the Ocean 

Portion of a Pacific atoll (Yap) showing two 
islets on the ribbon or barrier reef 
separated by a deep pass betwen the 
ocean and the lagoon (NOAA) 

Under certain conditions, en:Emiliania 
huxleyi can form massive blooms which 
can be detected by satellite remote 
sensing. What looks like white clouds in 
the water, is in fact the reflected light from 
billions of coccoliths floating in the water-
column (Steve Groom, PML, Landsat 
image 24th July 1999, Wikipedia) 



confluence.furman.edu 



Ocean garbage, trash islands 

The remains of dead baby 
albatrosses reveal the far-reaches of 
plastic pollution on Midway Atoll, 
2000 miles from any mainland. 
Credit: Chris Jordan, from his series 
"Midway: Message from the Gyre." 
Used under Creative Commons 
Attribution-Noncommercial-No 
Derivative Works 3.0 United States 
License 



Garbage Patches in the Pacific 



Overfishing 

Doomed by a gill net, a 
thresher shark in 
Mexico's Gulf of 
California is among an 
estimated 40 million 
sharks killed yearly for 
their fins. They add to 
the devastating global 
fish catch: nearly 100 
million tons 

National Geographic, Photograph by Brian Skerry 







Oil pollution 

m.upcscavenger.com 

• accidences 

• war 

• tank washing 

• oil production 

• burning 

• diffuse sources 

 



Coral bleaching 
Coral bleaching is the loss of 
intracellular endosymbionts 
(Symbiodinium, also known as 
zooxanthellae) through 
either expulsion or loss of algal 
pigmentation.Coral bleaching is a 
generalized stress response of 
corals and can be caused by a 
number of biotic and abiotic 
factors. 
 
Bleaching occurs when the 
conditions necessary to sustain the 
coral's zooxanthellae cannot be 
maintained. Any environ-mental 
trigger that affects the coral's 
ability to supply the zooxanthellae 
with nutrients for photosynthesis 
(carbon dioxide, ammonium) will 
lead to expulsion. 
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