


biography of the artist

Glynn Gorick, a former school teacher, investigates the complexity of eco­
systems in his art through variations in scale. By adapting the scale to fit 
the subject, "I can draw molecules, cells, individuals, communities, ecosys­
tems, and the biosphere in a way that may illustrate levels of organization," 
he says. Go rick's work often depicts Earth as a series of layers, beginning 
w ith the physical world and then adding different living systems, which, in 
turn, build upon each other. Humanity's part in these systems is regarded 
from a holistic perspective demonstrating through art how humans depend 
on and interact w ith the planet they call home.

Gorick's plan for this GOOS image started as a "simple flow  diagram" from 
temperature measurements of the ocean using Argo floats (lower left in 
the image) to  scientists constructing models of temperature changes (up­
per right). "This is possibly a picture of induction, where facts are built into 
theories of how things work," Gorick says. To complete this view of science 
in action and show the deduction that happens in science, "I imagine a line 
from top right to lower left, where the model is used to calculate future 
temperatures. If the prediction proves to be false, the model is modified, 
retested, and improved." Other themes in the image include the coastal city, 
"a picture-graph, where each part is scaled to its C02 emissions," explains 
Gorick. "I suggest that it is important for the city to  be informed of its impact 
on the ocean, to  fund the science, alter its strategy, and be able to  observe 
how the ocean responds."

The GOOS office commissioned Gorick's artwork for this collage. He has 
also created images for the Natural Environment Research Council and 
International Geosphere-Biosphere Programme. Glynn Gorick's web page: 
http://www.gorick.co.uk/

http://www.gorick.co.uk/
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Glenn Gorick's artistic depletion of the Global Ocean Observing System, and the ocean that It 
serves to monitor, plays freely w ith  spatial scales. The work  sweeps effortlessly from the vast 
realm of the global oceans, through the human scales of oceanographic equipment and marine 
animals, to molecules. Fitting this range of scales on a single tableau required quite an artistic flight 
of fancy -  but at Its core, the work  Is not fantasy. In fact, the global ocean observing system Is 
operating today, In the real world, across this same enormous range of scales.

While the artwork manages to beautifully capture many of the diverse elements of the observing 
system and the ocean, what unfortunately cannot be depicted, even w ith  plenty of artistic license, 
Is the dally delivery of societal benefits that routine ocean observations underpin. The system 
facilitates sustainable use of the many resources found at sea. From coast to coast, 70 percent 
by volume of the world trade moves across the surface of the ocean. The 100-bl 11 Ion-dol lar-a-yea r 
fisheries Industry supplies protein to millions of communit ies and Is an essential export of many 
economies. Energy extraction f rom off-shore oil fields, as well as the advent of extensive off-shore 
wind turbines keeps the world's machinery moving. These Industries depend on a robust ocean 
observing system In order to operate efficiently and sustainably.

A  w ide range of valuable predictions depends on ocean observations. These Include for example 
forecasts of hurricane Intensity and landfall, related storm surge heights, tsunami propagation and 
run-up, and seasonal climate variations such as the tim ing and strength of monsoon rains, and El 
Niño related seasonal droughts and floods. The oceans are both driving and responding to global 
anthropogenic change. Sea level rise, ocean acidification, ecosystem changes, and the Impacts of 
pollution are all monitored by the system, and It Is only by keeping this watchful eye on the chang­
ing ocean that humanity can mitigate and adapt to these dramatic changes.

Keith Alverson
Director, Global Ocean Observing System Secretariat, 

and Flead of Ocean Observations and Services Section, 
Intergovernmental Oceanographic Commission of UNESCO
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The Global Ocean Observing System

Monitor ing and observ ing the  global oceans re­
quires an International e f fo r t  and broad co­

operation. The In tergovernm enta l Oceanographic 
Com m iss ion  (IOC), the  W orld  Meteoro log ica l Or­
ganization (W MO ), the  United Nations Env ironm ent 
Program m e (UNEP), and the  International Council 
fo r  Science, (ICSU) sponsor and manage the Global 
Ocean Observ ing System (GOOS) to  provide a coor­
dinated approach to dep loym en t of observation tech­
nologies; rapidly and universally d issem ina te  data 
f lo w s  and delivery of marine Information; to Inform 
and aid marine m anagem en t and decis ion makers; 
and to Increase the  appreciat ion of the general pub­
lic of our changeable oceans.

The Global Ocean Observ ing System w as originally 
envis ioned In 1999 to serve the wor ld  th rough a uni­
fied global n e tw o rk  tha t provides the Information 
governm ents ,  Industry, science, and the  public need 
to deal w i th  marine-re la ted Issues -- Including en ­
v ironm enta l Issues and the Inf luence of the  ocean 
upon climate. Oceanography has advanced f rom  a 
science dealing m os t ly  w i th  local processes to one 
tha t Is also s tudying ocean basin and global p rocess­
es. As a result, researchers and a w ide  spectrum  of 
users depend crit ica lly on the  availabil ity of an Inter­
national exchange system  to provide data and Infor­
mation f rom  all available sources.
Today GOOS Is more than a v is ion. Dozens of obser­
vation sys tem s using sophist icated Ins trum entat ion , 
Imaging the  global oceans In dozens of ways at hun­
dreds of locations across thousands of k i lom ete rs  of 
oceans operate as GOOS. This booklet Is a guide to 
these  sys tem s tha t  marine Illustrator Glynn Gorick 
e legantly  portrayed In graphic design. The com plex­
ity of the  Image Is a ref lection of the  com p lex i ty  of 
the system s, but taken tog e the r  w e  see that the re  Is 
a f lo w  of Information, wh ich  starts as observations 
of nature and Is t rans fo rm ed Into unif ied know ledge 
about the  global oceans.



Carbon Flu Carbon C hem istry  at Sea Surface

A f t

The in teract ions of a tm ospher ic  molecu lar c o m ­
pounds w i th  the  uppe rm os t part of the  ocean's 

surface have repercuss ions th rou gh ou t  the  ocean 
and a tm ospher ic  system , as dep ic ted here In this  
Image. Indeed, the  surface w a te rs  of the  ocean 
have the  greates t  e f fec t  on contro l l ing global cli­

m ate  change. A lready the  ocean has absorbed 82 
percen t of the  tota l additional energy accum ulated 
In the  planet due to global warm ing . The ocean sys­
te m  also receives one-third of the  Industrial CO, 
em iss ions  tha t humans produce. The added heat 
Is w a rm ing  the  ocean w h i le  the  added carbon Is 
turn ing It m ore acidic. Coral reefs are the re fore  
under doub le threat. W arm er  w a te r  causes bleach­
ing events  tha t  rem ove the  colorful t issues  of the 
animals  f rom  the ir  s tructures, turn ing a reef Into a 
grave of w h i te  skeletons. Acid ic  w a te rs  d issolve 
the skeletons.

GOOS Is engaged w i th  the  task of delivering best 
possib le data for the  d i f f icu lt  science of 'ocean car­
bon tracking'.  The ocean's abil i ty  to chemica lly  ab­
sorb carbon dioxide f rom  the a tm osphere  Is t igh t ly  
coupled to  the bio logical uptake of dissolved car­
bon In seawater. As organ ism s uptake dissolved 
Inorganic carbon f rom  the ocean, the  surface w a te r  
d raws m ore carbon dioxide f ro m  the a tm osphere  In 
order to mainta in chemical equi l ib r ium. These bio­
logical and so lub i l i ty  pum ps  how ever have feedback 
m echan ism s tha t  are com p lica ted  by the  Increasing 
CO, In the  a tm osphere .  As seawate r absorbs more 
carbon dioxide to mainta in equi l ib r ium  w i th  the  at­
m osphere  It Increases the  num ber of f ree hydrogen 
Ions In the  ocean, and, as a result , Increases the 
ocean's acidity. Calc ium carbonate buffers acidity 
and helps the  ocean mainta in chemical equi l ibr ium, 
but at a cost to  the  skeletal s tructures of organ ism s 
tha t  rely on calc ium carbonate and cannot easily 
take advantage of the  additional hydrogen Ions.
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O ther feedback m echan ism s of the  carbon cycle 
Include ocean tem pe ra tu re  and circulat ion. Sinking 
w a te r  In the  high la ti tudes t ransports  CO,-rich sur­
face w a te r  Into the  deep ocean. But w ind  can cause 
upwe ll lng  along the coasts tha t  bring these  deep, 
cold, nu trien t-enriched w a te rs  to  the  surface. The 
t ransported  nu tr ien ts  are Im portant  for phytop lank­
ton g row th ,  but som e t im e s  these  upwe ll lng  events 
lead to vast, albeit  short- l ived, algal b loom s w h ose  
plant-11ke cells bacteria consum e In a feeding frenzy 
tha t  leaves the  w a te r  co lum n dep le ted of oxygen. 
For example, changes In w ind  patterns In recent 
years off  the  coast of Oregon have caused an In­
crease In the  ex ten t  and f requency  of apt ly -named 
dead zones w h e re  schools of f ish turn belly-up and 
crabs Ile dead on the  seafloor. In o ther regions 
around the  wor ld  the  dead zones are the  result  of 
algal b loom s and bacteria tha t pro li ferate due to an 
abundance of nu tr ien t discharge f ro m  rivers laden 
w i th  human pollut ion, sewage, and fertilizers.

Scient is ts  have com e to g e the r  to s tudy these 
large-scale and com p lex  processes th rough global 
research program s such as SOLAS and IMBER, and 
are coord inat ing the ir  observation p la t fo rm s to de­
velop a global observ ing  n e tw o rk  th rough the  Inter­
national Ocean Carbon Coord ination Project (10 C- 
CP). Ocean carbon stud ies require a m ult i -p la t fo rm  
approach, Including t im e  series stat ions, decadal 
and h igh-frequency repeat hydrographic surveys, 
and surface observa tions made f rom  ships of op­
po r tun i ty  or dr i ft ing floats. N e w  techn iques such as 
gilders, wave-r lders, and profi ling f loats are needed 
to provide spatial and tem pora l coverage not yet 
possib le w i th  existing techniques.
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Coastal Ocean Observational Needs

From the population of nearly th ree  billion w h o  will  
live w i th in  50 km of the coast w i th in  the  next 15 

years to those  fu r the r  Inland w h o  rely on the coastal 
services, the  wor ld 's  g row ing population Is putting 
a great strain on existing coastal Infrastructure and 
coastal marine ecosys tem s. The Global Ocean Ob­
serving System serves an Im portant  role In managing 
marine and estuarlne resources. The GOOS coastal 
m odu le  p rom otes  the  needs and products  required 
by coastal appl ications and m e m b e r  state's regional 
requests. The coastal m odu le  develops an Integrated 
and holist ic  approach to addressing six goals for  the 
health and p rosper ity  of coastal com m un it ies :

•  Improve the capacity to detect and predict the effects 
of global climate change on coastal ecosystems;

•  Improve the safety and e ff ic iency  of marine op­
erations;

•  Control and mitigate the effects of natural hazards 
more effectively;

•  Reduce public health risks;
•  Protect and restore healthy ecosystems more effec­

tively;
•  Restore and sustain living marine resources more 

effectively.
The backbone of the GOOS coastal module are the 
GOOS Regional All iances, groups of m em ber states 
that share a strong Interest In their  shared part of the 
ocean. This regional Interest emphasizes coastal pro­
cesses and products which aid marine shipping In­
dustries, coastal development and sustainable use of 
coastal marine ecosystems. Through the alliances and 
their association w ith  GOOS, national and regional ob­
serving networks are encouraged to adopt global stan­
dards for ocean observation methods, data storage 
and ocean product Interoperability.
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Oceanographic

Marine research has always Involved going out to 
sea, s om e t im es  for m on ths  and even for  years, 

as w as  the case w i th  the  19th-century  sailing voy­
ages of the  C hallenger and the  Beagle. In spite of 
technolog ical advances In robotic Ins trum ents  and 
sate ll i te observations, the  pr im ary  m easurem en ts  
of ocean propert ies  m us t still be made by lower­
ing equ ipm en t over the  side of a vessel.  The POGO 
Ocean Going Research Vessel Database lists more 
than 100 Research Vessels be tw ee n  60-90 m In 
length and 48 vesse ls  over 90 m. The f lee t  Includes 
Ice-breakers capable of conducting  stud ies In polar 
seas, deep-sea dri lling ships wh ich  conduct geo­
physical s tud ies of the seabed and tenders  of the 
research submers ib les , wh ich  take sc ient is ts  d irec t­

ly to  the  ocean floor. Many ships are occupied w i th  
conducting  acoustic  hydrographic surveys and are 
equipped w i th  com p u te r  sys tem s capable of produc­
ing updated charts w h i le  still at sea. In addition to re­
search vessels, many ships of oppor tun ity  vo lun teer  
to conduct research during the ir  t ransits  across the 
ocean. Together these  vesse ls  are essentia l for  the 
dep loym en t of many of GOOS's buoys, f loats, and 
Argo dri fters, and for  obta in ing high accuracy calibra­
t ion data to  ver i fy  the  robot ic  sys tem s and ground 
truth satell ite missions.

I I ,M .S .  C eíALLKÜCH í ! I’ llKTMFtlNO TO SOL’ M i,  187^-

T h e  H M S  C h a lle n g e r  p r e p a r in g  to  s o u n d  in  1872. ( N 0 A A  P h o to  L ib ra ry )
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The direct sampling of ocean 
w a te r  by lowering bottles 

f ro m  a ship and return ing w a ­
te r  samples shipboard for 
analysis remains one of the 
fundam enta l too ls  of ocean 
observations. The w o rkho rse  
of hydrography Is the  NI ski n 
bottle wh ich  Is o ften deployed 

In c lus ters  on an Ins trum ented rosette, wh ich  re­
cords Conductiv ity, Temperature, and Depth (CTD). 
The CTD rosette Is lowered to Its deepest po in t and 
then as It Is w inched up to the  ship the  bottles are

closed, one at a t im e, capturing a profi le  of the  w a ­
te r  co lum n along the  way. The w a te r  can be f i l tered 
and sampled for C O „  chlorophyll,  m icroorgan ism s, 
b logeochemlstry ,  and a w id e  var ie ty  of o ther uses. 
The IOCCP and CLIVAR organize and coord inate hy­
drography cruises and mainta in databases of tens  of 
thousands of hydrography profi les taken th roughou t 
the  world 's  ocean. This program Is an essentia l c o m ­
ponent of the ocean observ ing sys tem  as It Is the 
only w ay  to  d irect ly  m on ito r  the  ocean's take-up of 
CO, and changes In ocean acid ity  levels caused by 
c l imate change.
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Sea-level M onitoring

The Global Sea-Level Observing System, GLOSS, Is 
an International program me overseeing the coor­

dination of a ne tw ork  of sea level monitor ing gauges 
Installed along sea shores In over 70 countries. Each 
station Is capable of accurately monitor ing sea level 
changes w i th  high accuracy and many are able to 
t ransm it Information In real t im e  via satelli te links. The 
GLOSS ne tw ork  Is Incorporated Into Tsunami w a rn ­
ing systems. Real t im e m easurem ents  of w a te r  level 
changes can provide tsunami warn ings for locations 
surrounding the affected sea basins. Sea-level obser­
vations are also useful for local navigation and cont in­
ual re f inem ent of t ide table predictions. Tide gauges 
measure rising w a te r  levels f rom  s torm s and extrem e 
tides wh ich can be responsib le for billions of euros In 
damages and lost productiv ity  every year. Sea level 
Is rising as a consequence of melt ing glaciers and 

warm ing ocean tem peratures due to 
climate change. W ith  higher sea level 
com es an Increase In the severity 
and frequency of f looding f rom  storm 
Inundation.

T h e  O tt R a d a r  U n it  re c o r d s  s e a  le v e l b y  a c o u s t ic a lly  
m e a s u r in g  th e  d is ta n c e  fro m  th e  t r a n s d u c e r  h e a d  
to  th e  w a t e r  s u r fa c e . (P ro u d m a n  O c e a n o g ra p h ic  
L a b o ra to r ie s )
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Profiling Floats

The Argo f loats are au tonom ous ob­
servation sys tem s wh ich  drift  w i th  

ocean currents  making detailed physi­
cal m easurem en ts  of the  upper 2 km 
of the w a te r  column. Every 10 days 
an Argo f loat changes Its buoyancy by 
pum ping f luid Into an external bladder. 
During Its journey th rough the w a te r  
co lum n, It records the  conduct iv i ty  
of the seawater, Its tem pera tu re ,  and 
depth pressure. Once at the  surface 
the Argo finds Its geographical posit ion 
via GPS and t ransm its  Its recordings 
by satell ite to A rgo data cen ters  w here  
the Information Is jo ined w i th  data f rom  
over 3 ,000 o ther Argo f loats to  fo rm  a 
synopt ic  3-D v ie w  of the ocean In near 
real t ime.

This remarkable system  has revo lu tio­
nized oceanography since Its Inception 
In 1998 through the  Climate Variabili ty 
and Predictab il i ty  (CLIVAR) program 
and the  Global Ocean Data Ass im i la ­
t ion Exper im ent (GODAE). Argo floats 
n o w  num ber m ore  than 3,000 and take 
m ore than 100,000 salin ity and te m p e ­
rature profi les each year, more  than 20 
t im es  the annual hydrography profi les 
taken f rom  research ships. The Argo 
array Is tru ly  an International program 
w i th  m ore  than 23 d iffe rent countr ies 
con tr ibu t ing  f loats and ship t im e  for  de­

p loyments. The pro ject Is overseen by 
the  International A rgo Steering Team 
and opera tions are overseen at the 
Argo In form ation Center, a part of the 
JC O M M O P S .

Argo data has t rans fo rm ed ocean cir­
culat ion studies. Today Argo data Is 
routine ly  ass im ila ted Into global circu la­
tion m odels  giving accurate and t im e ly  
global v ie w s  of the  circulat ion patterns 
and heat d is tr ibu tion of the  ocean. This 
product has becom e an essentia l e le­
m en t of a tm ospher ic  forecast m odels 
and great ly  Improves seasonal c limate, 
m onsoon, El Niño forecasts, as we ll as 
tropical cyclone simulations. The value 
of subsurface heat con ten t  m easure ­
m en ts  to  the  study of global w arm ing  
and c l im ate  change has made the  Argo 
an Invaluable com p on en t  of 21 st cen tu ­
ry env ironm enta l observation systems.

©  J C 0 M M - 0 P S



Buoyancy-Driven Gliders

The Argo profi lers have been a great 
success and have revolutionized our 

3D v ie w  of the ocean. However, as drift­
ers they can only take data w here  the 
ocean currents take them. An abili ty to 
contro l the location and sampling of data 
Is needed for researchers to Investigate 
specif ic  oceanic phenomena, such as the 
downwe l l lng  of cold ocean water, the for­
mation of ocean fronts, and the evolution 
of oceanic eddies. Today a ne w  genera­
tion of Argo f loats Is In demand, ones that 
glide horizontally under control of c om ­
puter guidance systems w i th  tw o-w ay  
com m unica t ions f rom  the m ost remote 
parts of the ocean to land-based laborato­
ries. The gilders adjust the ir  buoyancy to 
sink and rise, just as the Argo floats, but 
by using w ings  and rudders the gi lders 
can fly horizontally, turn, and control their  
posit ions In the w a te r  column. Recently, 
c lassrooms In Rutgers University had 
the opportun ity  to guide a gilder across 
the At lantic  Ocean. The dally updates on 
the gi lder's posit ion com bined w i th  the 
course alterations the students made 
based on antic ipated and measured cur­

rents and eddies, provided a unique 
learning experience to see the 

dynamic physical Interactions 
occurring w ith in  the A t lan­

tic Ocean. Following

the loss of the f irst trans-Atlantic  gilder 
In 2008, the students successfu lly  guided 
a gilder across the At lantic  to Spain In 
2009. A  dramatic  dem onstra tion that this 
technology Is maturing and will  soon be 
a basic com ponent of the Global Ocean 
Observing System.
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Drifters

/

to use 1,250 buoys to  cover the 
oceans at a reso lu tion of one per 
5° X 5°. The surface tem pera tu re  
data have been used to calibrate 
satell ite tem pe ra tu re  Imagery, 
br inging bias errors dow n  f rom  0.7 
degree Celsius to less than 0.3 
degree, a l low ing accurate c l imate 
change mon itor ing . A long w i th  the 
Argo profi le rs  the  surface dri fter 
p rogram m e has con tr ibu ted to the 
success of a real- t ime m on itor ing 
system  of the oceans, a l lowing 
much m ore accurate w e a the r  and 
c l imate forecasts.

The J C O M M  and A tlan t ic  Oceanographic and M e ­
teoro logica l Laboratory Global Dri fter Program 

manages the  dep loym en t of drift ing buoys around 
the world. These s im p le  buoys take m easurem en ts  
of surface seawate r tem pe ra tu re  and salin ity and 
marine m eteoro log ica l variables tha t  are te le m e ­
tered In real t im e  th rough the W orld  M eteoro log ica l 
Organization's Global Te lecom m unica t ions  System 
(GTS) to support  global m eteoro log ica l serv ices as 
we ll as c l im ate  research and m onitor ing. The dri f t ­
ers are a f lexib le com p on en t  of GOOS and can be 
deployed quickly  fo r  such tasks as m on ito r ing  an 
approaching typhoon. The global array Is designed

12 © A t l a n t ic  O c e a n o g r a p h ic  a n d  M e te o r o lo g ic a l  L a b o ra to ry



M oorea Buoys

Moored Buoys provide con t inuous m on i­
tor ing of the  ocean and a tm osphere  in 

locations far f rom  land. A  research vessel 
deploys and anchors the buoys at f ixed loca­
t ions .The  buoys regularly  col lect observations 
f rom  many d iffe rent a tm ospher ic  and oceano­
graphic sensors and usually  supply the ir  own 
pow er th rough the  use of solar cells and re­
chargeable batteries. Because they  provide 
the ir  ow n power, the  moored buoys can sam ­
ple data at greater f requenc ies  and can c o m ­
mun ica te  longer s tream s of data to satell ites 
and shore, than can the  free-f loating drifters 
or A rgo profi lers. M oored  buoys are usually 
deployed to  serve national forecast ing needs, 
m ari t im e safety needs or to observe regional 
c l imate patterns.

The Global Tropical M oored Buoy Array (GTM- 
BA) Is a multi-national e f fo r t  to mainta in a lar­
ge system  of f ixed buoys for  c l imate research 
and seasonal forecast ing . C om ponen ts  of the 
global array Include the  Tropical A tm osphere  
Ocean/Triangle Trans-Ocean Buoy N e tw ork  
(TAO/TRITON) In the  Pacific, the  Prediction 
and Research M oored  Array In the  Tropical 
A t lan t ic  (PIRATA), and the Research Moored 
Array for  Afr lcan-Aslan-Austral lan M onsoon 
Analysis and Prediction (RAMA) In the  Indian 
Ocean. The array ta rge ts  tropical phenom enon 
tha t Impact the  c l imate and seasonal variabi­
lity, Including:

El Niño/Southern Oscillation (ENSO) and the 
Pacific Decadal Oscillation (PDO) In the Pacific 
The meridional gradient mode and equatorial 
wa rm  events In the Atlantic 
The Indian Ocean Dipole and the Madden- 
Jullan Oscillation In the Indian Ocean 
The mean seasonal cycle, Including the Aslan, 
African, Australian, and American monsoons

©  P a c if ic  M a r in e  E n v iro n m e n ta l L a b o ra to r ie s 13



Deep Sea M oorinqs and Acoustic  Doppler Current Profilers

14

Beneath the moored buoys, and som e tim es  de­
ployed w i th  no surface signature at all, are the 

observing Ins trumentation of the taut- line moorings. 
C om m only  deployed In wate rs  of more than 4 km, 
the moorings provide detailed data about the  te m ­
perature, salinity, dissolved oxygen, chlorophyll, and 
w a te r  ve loc ity  changes through the w a te r  column. 
Dozens of ye l low  "ha rdha ts "  wh ich contain ho llow 
glass spheres, provide flota tion to keep the mooring 
line tau t and upright even In strong marine currents. 
Instruments such as the rm is to r  chains, and conduc­
t iv ity  and tem pera ture  sensors, are located along the 
line be tween the hardhat floats. The Acoust ic  Doppler 
Current Profiler (ADCP) measures the speed of the 
current as It passes by the Instrument by recording 
the Doppler shift that occurs w hen  sound pulses sent 
out Into the w a te r  co lumn bounce off of drifting ma­
rine particles. Sophisticated electronics can slice up 
the acoustic  signal and provide a profi le of the current 
ve loc ity  across hundreds of m eters  of depth.

P re p a r in g  fo r  d e p lo y m e n t o f  a m o o r in g  w ith  
h a rd h a ts , a n  A D C P , a c o u s t ic  re le a s e s  a n d  
th e  b o tto m  a n c h o r . (F ia m m a  S t r a n e o , W o o d s  
H o le  O c e a n o g r a p h ic  In s t itu t io n )



DART® Real-tim e Tsunami M onitoring Systems

The in formation col­
lected by a n e tw o rk  of 

DART® sys tem s current ly  
posit ioned at strateg ic 
locations In the  Pacific, 
no r th w e s t  Atlantic, and 
eastern Indian Oceans 
plays a critical role In ts u ­
nami forecasting. The f irst 
In formation available about 
the  source of a tsunami 
com es  f rom  seism ic  m on ­
itors tracking d is turbances 
along the  seafloor. If the 
landslide or tec ton ic  event 
Is large enough to  gener­
ate a tsunam i wave, the 
DART® buoys, recording 
sea level m easurem ents ,  

w i l l  report the  propagation of the  wave to Tsunami 
W arn ing Centers. The result  Is an Increasingly accu­
rate fo recast of the  tsunam i tha t can be used to  Is­
sue wa tches, warn ings, or evacuations.

not, the DART system discerns that an earthquake did 
not cause a dangerous tsunami, and thus avoids cost ly 
false alerts, which would degrade public trust In the 
warnings and assures prompt response to the tsunami 
alerts which are delivered.

The surface transmitter buoy on a Dart Mooring System 
communicates acoustically w ith  a bottom pressure re­
corder and processes the signals of sea surface fluctua­
tions. Near the seabed the noise from  short-amplltude 
wind-driven waves are naturally f iltered out, leaving the 
signal f rom the very long wavelength tsunami relatively 
easy to discern. Internal computers evaluate w hen a 
signal Is worr isom e and the data Is transmitted on to 
the satelli te communications system for final analysis 
at the Tsunami Warning Centers w ith in  m inutes of a 
tsunami-generating seismic event. More often than

©  N O A A  C e n te r  fo r  T s u n a m i R e s e a rc h
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S atellite Oceanography

Satell ite oceanography has becom e a routine part 
of global observation system s. Satell i te Imagery 

has given a n e w  v ie w po in t  to oceanographers, never 
Imagined by early researchers conf ined be tw een  
the deck of a ship and the  horizon. Satell i te Imagery 
reveals swirls , eddies, vast s tream s and clouds of 
phytop lankton on scales f rom  100 m to several th o u ­
sand k i lometers. Over the  years a w id e  var ie ty  of 
research and operational sate ll i tes have provided a 
v ie w  of the  oceans f rom  above the  atmosphere.

TOPEX/POSEIDON and the  Jason sate ll i tes use ac­
t ive radar a l t im ete rs  to measure sea surface height 
and slopes, wh ich  can be Interpreted as pressure 
gradients driving ocean currents be low  the surface. 
F luctuations of sea-surface height are the re fo re  as­
sociated w i th  eddies and m eanders  of major cur­
rents such as the  Gulf  Stream, the  Kuroshlro, and 
the  Aghu los currents.
Satell i tes w i th  the  Advanced Very High Resolution 
Radiometer (AVH RR) rou tine ly  deliver 5 km reso­
lution maps of the sea-surface tem pe ra tu re  (SST). 
Sea-surface tem pe ra tu re  maps are ex trem e ly  useful 
for  Improving m eteoro log ica l forecast ing  and have 
found civil ian uses aiding fish ing f lee ts  and helping 
to predict the  onse t  of harmfu l algal blooms.

The Aquarlus/SAC-D spacecraft, due for launch In 
2010, wi l l  use m ic rowave radiation given off by 
the  sea surface to  observe seawater salinity. The 
Aquarius wi l l  be able to measure  sea-surface salin­
ity w i th  an accuracy of 0.2 psu, carefu lly  contro l l ing 
the  sensor tem pe ra tu re  and making corrections for 
the  roughness of the sea surface by using a scat- 
te ro m e te r  active radar. W h i le  shipboard laboratories 
can measure salin ity w i th  an accuracy of 0.001 psu, 
the  sate ll i te  wi l l  surpass In vo lum e  w h a t  It lacks In 
precis ion, by making m ore m easurem en ts  of salin ity 
In tw o  m on ths  than have been made In the last 125 
years of research cruises.

SeaWIFS, M ODIS and MERIS sate ll i tes have provid­
ed ocean color by Imaging the surface of the  ocean 
at various w ave leng ths  of light, selected for the ir  Im­
portance to biological activity, such as chlorophyll ab-

16



sorption w ave leng ths  and colored dissolved organic 
m atter (CDOM). Scient is ts  have learned to  Interpret 
the  colors of the ocean to  provide es t im a tes  of bio­
logical productiv ity, seasonal variation of carbon up­
take, and the health of the  surface waters.

The reliance upon sate ll i te  m iss ions for fundam enta l 
ocean characterization concerns the  c l im ate  c o m m u ­
nity, wh ich  has seen w o rr isom e  reduct ions In support 
of fu tu re  sc ientif ic  sate ll ite missions. The C om m it tee  
fo r  Earth O bservat ion Satell i tes (CEOS) Is coord ina t­
ing the  International "v ir tua l cons te l la t ion" of sate l­
li tes, wh ich  w ork ing  tog e the r  fo rm  an I nterca 11 bratl on 
and also fill-in the  gaps In observation schedules. 
M ainta in ing a con t inuous stream of data f rom  over­
lapping sate ll ite m iss ions Is essentia l to enable the 
sate ll i te data to do cum e n t  c l imate change and ocean 
ecosys tem  response. Even so, the t rends of c l imate 
change are small enough to require ex trem e ly  ac­
cura te calibration. International cooperat ion to con­
t inue Interca llbratlons and com pare satell ite data will  
be a great and w o r th y  challenge.

A rtis t's  i llu s tra t io n  o f  th e  A q u a r iu s /S A C -D  s p a c e c r a f t ,  s c h e d u le d  fo r  la u n c h  in  M a y  2010. 
It  w i l l  b e  th e  fir s t  N A S A  in s t ru m e n t to  m e a s u r e  s e a  s a lin ity  fro m  s p a c e . ( © J e t  P ro p u ls io n  
L a b o ra to r ie s , N A S A )
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S ate llite

GOOS m us t be capable of delivering data f rom  
any location In the  oceans to land-based sc ien­

t is ts  and data analysis centers. This Is made pos­
sible by the  conste lla t ion of com m unica t ion  sat­
el li tes, wh ich  can receive data d irect ly  f rom  the 
buoys, floats, and ships at sea. For 30 years the  Ar­
gos sys tem  of polar orb it ing sate ll i tes has provided 
com p le te  coverage of the  earth's surface, but until 
recently, low  data rates, high pow er requ irem en ts  
and one-way com m unica t ion  l im ited Its use to  large 
moored buoys or shipboard systems. Current A rgos 
sys tem s have enhanced bandw id th  and sens it iv i ty  
a l low ing low -power data t ransm iss ions. By using 
Doppler shift  data f rom  the Ins trum ent transm itte rs

the sate ll i tes can 
de te rm ine  the po­
sit ion on the sur­
face of the  ocean 
to w i th in  150m. In 
the  late 1990's the 
Ir id ium and Global- 
star sys tem s w e re  
developed as c o m ­
mercial en terpr ises 
to de l lve r te lephony  
across the globe.
These sys tem s 
offered many ser­
v ices tha t al lowed 
ocean Ins t rum e n ­
ta t ion  to c o m m u ­
nicate larger data 
packets w i th  low er energy  expend itu res .  The ad­
ven t  of low  cos t  and lo w -po w e r  com m u n ica t ion  
has m ade It possib le  to deve lop sys tem s  such as 
the  Argo  expendab le  pro fi le r  sys tem  and the  low  
cos t  d r i f te r  buoy ne tw ork .  N o w  s imple, battery- 
pow e red  dev ices may be launched Into the  ocean 
and le ft  to  dr i f t  and take data w i th o u t  a support 
research vesse l nearby to pick up and t rans fe r  the 
data. Data Ins t rum en ts  w i th  sate ll i te  t ransm it te rs  
are even attached to  marine an imals and birds to 
track the ir  behav ior and health as they  m ove about 
the  wor ld .  Sate ll i te  com m u n ic a t io n s  have enabled 
GOOS to accom pl ish  sc ien t i f ic  obse rva t ions  not 
poss ib le  jus t  30 years ago w h e n  th is  type  of sa te l­
li te c o m m u n ica t ion  w as jus t  beginn ing.

D e lta  II w a s  u s e d  to  la u n c h  m a n y  o f  th e  
Ir id iu m  s a te ll i te s  ( ©  N A S A /R e g in a  M i tc h e l l -  
R yall &  J e r r y  C a n n o n )



Data Control Storage, and D issemination

GOOS ¡s a co l lect ion of ocean observ ing and In­
fo rm at ion  de livery sys tem s provid ing near real­

t im e  m easurem en ts  of the s ta te of the  oceans. The 
data f rom  the many observ ing sys tem s and Instru­
m en ts  Is received f rom  the satell ite t ransm iss ions  
and processed by many operational data centers. 
GOOS Is an International ly  d is tr ibu ted system , w i th  
num erous  Inst itu t ions and governm ents  storing, 
serving, and processing data. GOOS seeks to le­
verage products  off one another to create greater 
value and less dupl ication. The Issue of com bin ing 
and d is tr ibu ting disparate types  of data has becom e 
ex t rem e ly  com plica ted. Can a th e rm o m e te r  m ea­
su rem en t  of tem pe ra tu re  be com b ined  w i th  the  IR 
em iss ion Imaged by a satell ite? H ow  does an Inves­
t iga to r  In Africa access b iod ivers ity  datasets stored 
In North America and a South Am erican un ivers ity  
m odel of ocean circulat ion for a single analysis? 
Effective qual ity  contro l and qual ity  assurance of 
data requires International ag reem ents  upon m e th ­
odologies, calibration techniques, and naming con­
vent ions. A  major accom p l ishm en t  of GOOS Is to 
provide the In tergovernm enta l fo rum  w h e re  these

Issues maybe explored and consensus reached.The 
result  Is a system  of d is tr ibu ted data centers  that 
com m u n ica te  w i th  one another to achieve In terop­
erabi l i ty  of data storage, transm iss ion , and analysis. 
Build ing the  capacity  to  col lect and use the data Is 
a major ob jective of GOOS program mes. Education 
and train ing program m es are designed to  teach the 
fundam enta ls  of data m anagem ent,  w h i le  s im u lta ­
neously p rom ot ing  the  use of s tandards am ongst  
the  data cen ters  to help build an International ly  In­
tegra ted system.

T ra in in g  c la s s e s  a re  an  
im p o rta n t a s p e c t  o f  G O O S  d a ta  
m a n a g e m e n t . T h e  In te rn a t io n a l  
O c e a n o g ra p h ic  D a ta  a n d  In fo r ­
m a t io n  E x c h a n g e  (IO D E ) t r a in s  
u s e rs  a n d  d a ta  m a n a g e r s  fro m  
a ro u n d  th e  w o r ld  in  te c h n iq u e s  
a n d  s ta n d a rd s  to  c r e a te  th e  
O c e a n  D a ta  a n d  In fo rm a tio n  
N e tw o r k s  (O D IN )  w h ic h  a re  
re g io n a l h u b s  o f  o c e a n  d a ta  
m a n a g e m e n t . (IO D E )



Ocean Process M odeling

The raw  data f rom  GOOS are alone of l im ited val­
ue. But w h en  assem bled tog e the r  f rom  across 

the globe, com b ined  w i th  d i f fe rent types  of data, 
and assim ila ted Into ocean model ing  systems-- In­
tegra ted v ie w s  of the  global ocean are created. 
The Global Ocean Data Ass im ila t ion Experiment, 
GODAE, has created a sys tem  tha t  can Ingest the 
GOOS data s tream s and produce detailed 3D circu­
lation m odels  of the  ocean. Satell i te a l t im e try  data, 
Argo salin ity and tem pe ra tu re  profi les, ship hydrog­
raphy, and coastal and DART m easurem en ts  of sea 
level are all used to  Increase the  accuracy and pro­
v ide dally updates for  fo recasts  of ocean condit ions 
or tsunam i propagation. Local, detailed modeling 
sys tem s use the  global resu lts to provide boundary 
cond it ions for coastal m ode ls  wh ich  resolve features 
as small as 100 m. Ecosystem  model ing  Is begin­
ning to use these  m e thods  to track nu tr ien t and 
plankton grow th ,  the creation and spread of harmful 
algae b loom s and even to help predict  f ishe ry  stocks 
to mainta in susta inable Industries. Ana lysts across 
the globe have rapid access to these  model results 
via In ternet exchange. Researchers and marine m an­
agers In developing countr ies  w i th o u t  the  large-scale 
com puta t iona l resources are able to make use of 
these  cutt ing edge technolog ies.
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OceanographyA irc ra ft

A ircraft provide a p la tform  for oceanographic ob­
servations w i th  the aerial v ie w po in t  of satell ites, 

but w i th  f ine r spatial and tem pora l reso lution and 
greater f lex ib i l i ty  to respond to t rans i to ry  ph en om ­
enon of Interest. A  var ie ty  of aircraft-borne sensors 
and alr-deployable sensors enable aircraft to quickly 
m easure sea-surface properties, subsurface te m ­
perature, and salin ity; de f ine surface wave fields; 
and map bo ttom  bathymetry. A ircraft m on ito r  de­
ve lop ing marine s to rm  sys tem s w i th  a ful l suite of 
meteoro log ica l Ins trum entat ion , Including expend­
able conductlv l ty - tem pera tu re -cu rren t  profi le rs that 
can measure  ocean heat con ten t  be lo w  the  sea 
surface. LIDAR (Light De tect ion  and Ranging) uses 
an a ircraft-mounted laser beam to pene tra te  coastal 
w a te rs  and return swa ths  of hlgh-resolutlon bathy­
m etr ic  data. The techn ique can quickly chart areas 
w h ich  are Inaccessib le to shlpborne acoustic  swath 
m ethods.  A  qual ity data base of coastal ba thym etry  
Is a pr im ary  concern for  developing countr ies  m an­
aging the ir  coastal resources and as a basis for de­
ve lop ing numerical m ode ls  of c irculat ion and coastal 
Inundation. The A irborne Oceanographic LIDAR Fluo- 
rosensor (AOLFL) Is a laser f luo rosp ec trom e te r  used 
In phytop lankton and ocean color s tudies to measure 
dissolved organic materials and colored p igm ent 
concen tra tions for  chlorophyll and phycoerythr ln ,  a 
red-f luo rescen t prote in. Ocean color m easurem en ts  
f ro m  aircraft and ships are required for In-sltu cal i­
bration of sate ll ite rem ote -sens ing products. Aircraft 
oceanography and coastal mapping wil l  be an Impor­
tan t  part of the  Coastal GOOS strategy.
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Sedim ent

T iny partic les com prised of dead phytop lankton, dead Zoo­
plankton, and Zooplankton feces, sink f rom  sunli t  surface 

w a te rs  w h e re  they  are produced, th rough the  deep ocean w a ­
te r  co lum n w h e re  light penetra tes weakly, and Into the  dark 
abyss. The rain of th is  so-called «marine snow» provides the 
food supply for  organ ism s In the depths. It also has a major Im­
pact on Earth's c l imate by t ransport ing carbon to the  deep sea 
and preventing It f rom  re-entering the a tm osphere  as a g reen­
house gas. Direct sampling of the  marine s no w  Is done w i th  
a var ie ty  of Ins trum ents  known as partic le  traps. The one pic­
tured here Is part of a bo t tom -te thered  mooring wh ich  Includes 
current m e te rs  and o ther sensors. The trap s im ply  col lects fall­
ing partic les In the  large eone and concen tra tes  th e m  In a small 
cup. The samples are analyzed on retr ieval and evaluated for 
type  and quanti t ies of marine s no w  tha t  has accum ulated over 
the  duration of the  dep loym ent.  Particle t raps, such as th is  one, 
have been crit ic ized for  not provid ing quan ti ta t ive ly  accurate 
f lux rates. Horizontal currents, wh ich  can be at least 10 t im es  
as fast as the  fall ve loc it ies, cause over or under sampling of 
the  partic les fall ing th rough the  w a te r  column. However the 
traps remain qu ite  valuable as they  yie ld qual itat ive In form a­
tion about the  type  of partic les and b logeochemlcal processes 
affecting marine s no w  In the  m id -w ate r  column.
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Continuous Plankton Recorder

Launched over the  side of a research vessel,  mer­
chant ship, or o ther vessel of opportunity ,  the  Con­

t inuous  Plankton Recorder (CPR) captures plankton 
f ro m  the near-surface w a te rs  as the  boat to w s  the 
Ins trum ent during Its normal sailing. Brit ish ocean­
ographer Sir A l ls te r  Hardy developed the f irs t  p ro to ­
type  to sample krill In the  Anta rc t ic  on the  Discovery 
cruises of 1925-27 He mod if ied  the  design for use In 
the  North Sea and started col lecting plankton In the 
1930s. Since 1946, the  CPR has been regularly  de­
ployed In the  North Sea on a num ber of routes. The 
CPR Is a crit ical c om p on en t  of GOOS and m on ito rs  
the  near-surface plankton In the  North A t lan t ic  and 
North Sea over a m on th ly  basis f rom  a n e tw o rk  of 
shipping routes.

The CPR Is about 
one m eter In length. 
The body Is made of 
gunmetal,  (phosphor 
bronze), or stainless 
steel In later versions 
from  1997 The CPR 
has been operated 
successfully at speeds 
of up to 25 knots, and 
Its robust design al­
lows deployment In 
rough seas w ithou t 
fear of excessive dam­
age. Successful tow s  

have been conducted during sea states that are expe­
riencing w ind  forces upwards of 11.

The CPR works by filtering plankton from  the water 
over long distances (up to 500 nautical miles) on a 
moving fil ter band of silk (270 micron mesh size). The 
fi lter silk band Is wound through the CPR on rollers 
turned by gears, which are powered by an Impeller. 
On return to the laboratory, the silk Is removed from 
the mechanism and divided Into samples (known as 
blocks) representing 10 nautical miles of towing. The 
amounts and types of phytoplankton and Zooplankton 
captured upon the silk are analyzed at the lab. After 
analysis, the counts are checked and added to the CPR 
database, which contains details of the plankton found 
on over 170,000 samples taken since 1946 In the North 
Sea and North Atlantic Ocean.



Census fo r M arine Life DNA Barcode of Life

Fe w  modern  oceanographers w ou ld  like to w r i te  
m are in cog n itum  on the ir  charts. But 10 years ago 

a group of sc ient is ts  did jus t  tha t and emphasized 
ho w  litt le w e  k no w  about the  b iod ivers ity  of the 
oceans. Thousands, maybe mil l ions of marine plant 
and animal species have ye t  to be d iscovered or cat­
aloged, and thousands  m ore wil l  becom e ext inct be­
fore sc ien t is ts  have a chance to  Ident ify  them. The 
Census of Marine Life, CoML, w as  created to fill 
th is  void In ocean understanding. C oM L Is a global 
n e tw o rk  of m ore  than 70 nations wh ich  are descr ib ­
ing the  biodiversity, d istr ibu tion, and abundance of 
life In the  oceans and provid ing a baseline for  fu ture  
studies of changes In biodiversity. Since CoM L be­
gan In 2000, molecu lar and traditional taxonom is ts

w ork ing  tog e the r  have Identif ied m ore than 5,600 
n e w  species and com plied  a database of over 16 
mil lion records describ ing m ore than 260,000  spe­
cies. A  large num ber of species have been d iscov­
ered at all levels In the animal and plant k ingdoms, 
and It has becom e log!stlcally ve ry  com plica ted to 
catalog and uniquely Identify Individual organisms. 
M odern  gene tic  m e thodo log ies  have been deployed 
to un iquely "b a rcode"  species by developing simple 
analytic techn iques to  d i f fe rent ia te  species based 
upon DNA sequence analysis of a unique ta rge t 
gene. Using these  techn iques researchers have al­
ready barcoded over 6 ,000 species and are con t inu ­
ing to expand the databases of marine diversity.
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Fisheries M anagem ent

World f isher ies  catch more than 100 mil lion tons 
of f ish per year, feeding mil l ions In both de­

ve loped and developing countr ies. M on ito r ing  fish 
stocks and docum en t ing  changes In geographic dis­
tr ibu tion  and ecosys tem s Is an essentia l observa­
tional requ irem en t to sustain and Improve this  vital 
Industry.

A tla n t ic  C o d , G a d u s  m o rh u a

Atlantic cod fish and their main food source, the cope- 
pod Calanus finmarchicus are the m ost studied spe­
cies In the oceans. Fertilized cod eggs, as Illustrated 
In this Image, f loat to the surface and hatch. The life 
cycles of the fish and the copepod are synchronized 
w ith  the cod feeding on Calanus larvae and later 
adults as the fish grows. Both species however are 
susceptib le to ocean warming. Monitoring ecosystem 
changes Is a large part of f isheries research. Juvenile 
cod disperse to possibly feed on sea bed (benthlc) ani­
mals. Observing this part of the life cycle may reveal 
other clues as to which factors affect the size of the 
breeding fish population. As young adults the cod mi­
grate back to their  origins to pair up In column forma­
tions and spawn. Cod research provides theoretical 
models to share and compare w ith  models for many 
other fish species.
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Oceanographers

A ne w  innovation in oceanographic data co l lec­
tion is the  smart tag, w h ich  w h en  harm less­

ly attached to  a marine animal can record cardiac 
rhy thm s, body tem pera tu re ,  as we ll as am b ient  sea­
w a te r  tem perature ,  salinity, and depth. Equipped 
w i th  a sate ll i te t ransm it te r  the  tags can send the ir 
data to sc ient is ts  describ ing the location and recent 
behavior of the  animal. Valuable biological In form a­
tion about feeding behaviors, energy use, div ing 
behavior, and even mating habits are possib le. The

Tagging of Top Predators Programme, TOPP, m on i­
tors hundreds of tagged marine animals  and tracks 
the m  In real t im e  on the ir  educational w e b  pages. 
Some animals dive deep be lo w  the Anta rc t ic  lee 
shelves and are returning In formation on deep w a ­
te r  cond it ions be low  the  lee wh ich has never been 
available before. These data are n o w  blended w i th  
the  Argo profi le r data to Include the  w h o le  of the 
Southern Seas and are of great value to GOOS 
physical oceanographic researchers.
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M arine Anim al

0

The OceanTracklng N e tw o rk  (OTN) has moved 
the  technique of f ish tagging in to the 21st 

cen tu ry  by tagging f ish w i th  t iny  acoustic  tran­
sponders tha t can iden ti fy  individual fish, or any 
equipped marine animal, each t im e  they  sw im  
near one of several hundred acoustic  receivers 
deployed along "L is ten ing  L ines" Researchers 
are tracking Greenland shark m igrat ion patterns 
In the  Canadian Arctic, m ovem en ts  of king pen­
guins as they  feed In Anta rc t ic  w a te rs  and m i­
gration routes of salmon. The data a l lows a f irst 
t im e  look at the  m igrat ion patterns th roughou t 
a ta rge t  species l i fe time.

The Information wil l become an Invaluable re­
source for f isheries management, al lowing direct 
monitoring of the population, health and location 
of each year's cohorts, which can be used to 
guide fishing regulation strategies and maintain 
sustainable and healthy fisheries.

The OTN Is a GOOS pilot project, generously 
funded by the Canadian government. The project

Is being deployed off all seven continents and used 
by dozens of GOOS countries. The distr ibution of 
OTN technology and data col lection Is a global ef­
fort that has become an Integral com ponent of the 
GOOS coordination and cooperation.

P re p a r in g  to  d e p lo y  a 
d e e p  w a t e r  m o o r in g  
r e c e iv e r  a s s e m b ly  in 
A u s tr a lia n  w a te r s .  
(S te p h a n e  K irc h h o ff ,  
O T N  H e a d q u a r te rs ,  
D a lh o u s ie  U n iv e rs ity )



For more Information

These w eb pages provide a wealth of information for GOOS ocean services.

Argo Argo Project Off ice IODE
hit p : /www. argo.net 

CoM L Census of Marine Life
http :/ /www.coml.org J C O M M

CPR Continuous Plankton Recorder
http://www.sahfos.ac.uk/cpr_survey.htm 

DART Deep-ocean Assessm ent and Reporting of Mercator
Tsunamis
http://nctr.pmel.noaa.gov/Dart/ OTN

GDP Global Drifter Program
http://www.aoml.noaa.gov/phod/dac/gdp. POGO
html

GLOSS Global Sea Level Observing System
http://www.gloss-sealevel.org/ RUCOOL

GODAE Global Ocean Data Assimilation Experiment
http://www.godae.org Satellites

GOOS Global Ocean Observing System
http://www.loc-goos.org 

GRA GOOS Regional All iances TOPP
http ://www.loc-goos.org/content/  
v iew/159/89/ Tsunami

GTMBA Global Tropical Moored Buoy Array,
http://www.pmel.noaa.gov/tao/global/
global.html

IOC Intergovernmental Oceanographic Com­
mission
http://loc-unesco.org/

IOCCP International Ocean Carbon Coordination
Project
http://www.loccp.org

International Oceanographic Data and Infor­
mation Exchange 
http:/ /www.lode.org/
Joint W M O -IO C Commission for Oceanog­
raphy and Marine Meteorology 
h t tp : / /www.jcom m .ln fo  
Mercator Operational Oceanography 
http://www.mercator-ocean.fr 
OceanTracklng Network 
http://oceantracklngnetwork.org 
Partnership for Observation of the Global 
Oceans
http://www.ocean-partners.org 
Rutgers University Gilder Site 
http://rucool.marlne.rutgers.edu/atlantlc/ 
NASA Climate Change and Earth Science 
Satellites
http://c l lmate.nasa.gov/mlsslons 
Tagging ofTop Predators 
http://topp.org 
lOCTsunaml Information 
http ://www.loc-tsunaml.org/
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