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The role of the oceans in the climate system 



Regional Changes
 Regional and 

seasonal to 
interannual
changes can be 
very large 
compared to a 30compared to a 30 
year global 
averaged change

 Societal impacts of Societal impacts of 
these scales are 
very important, 
particularly whenparticularly when 
the change is 
predictable (even 
as probabilities ofas probabilities of  
conditions)



Where is the extra CO2 going?



The Oceans: a dominant source of variability 
from weeks to centuries.
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What Qualifies as an EOV or ECV?
 ECV = Essential Climate Variable
 EOV = Essentail Ocean Variable

 Essential variables have the following characteristics
Relevance: Important for monitoring the variability of theRelevance: Important for monitoring the variability of the 

ocean (or the climate system for ECVs)
Feasible: Technically able to measure at sufficient accuracy 
Cost Effective: able to support the cost of the observations

 Feasibility and Cost Effectiveness are also critical to get ‘buy in’ 
from funders of the observing system  (not just Relevance) 



Whose Essential Ocean Variables?
 Integrated Ocean Observing System (IOOS) Physical Variables: 
 salinity, temperature, bathymetry, sea level, surface waves, 

surface (vector) currents, ice concentration, surface heat flux, ( ) , , ,
bottom characteristics 

 IOOS Meteorological variables are covered by GCOS
 Gl b l O Ob i S t (GOOS) Ph i l V i bl Global Ocean Observing System (GOOS) Physical Variables:
Based on Global Climate Observing System (GCOS) Ocean 

variables
 Related GCOS Ocean Variables:
Surface: Sea-surface temperature, Sea-surface salinity, Sea 

level Sea state Sea ice Surface current Ocean colourlevel, Sea state, Sea ice, Surface current, Ocean colour, 
Carbon dioxide partial pressure, Ocean acidity, Phytoplankton.

Subsurface: Temperature, Salinity, Current, Nutrients, Carbon 
dioxide partial pressure Ocean acidity Oxygen Tracersdioxide partial pressure, Ocean acidity, Oxygen, Tracers



OOPC Organisational changesg g
 Eric Lindstrom, former OOPC 

chair, stepped up to be co-chair 
of GOOS.

 New (2013) OOPC leadership: 
Mark Bourassa (Florida StateMark Bourassa (Florida State 

University) and 

 T hi S (T h k Toshio Suga (Tohoku 
University/JAMSTEC).

 Secretariat support, moved from 
IOC, Paris to WMO, Geneva.
 Katy Hill (khill@wmo.int)
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A simple systemp y
Feedback 
and adjustment

RecalibrationRecalibration,
Improved understanding 
and reprocessing
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Structure of the Framework



There are many 
observations from Space 

Eric Lindstrom NASA HQ 
5/2014



Rolling Deck to 
Repository (R2R)

Instrument Types:
• ADCP
• Anemometer
• CTD

• Radiometer
• Rain Gauge
• Singlebeam
• Speed LogRepository (R2R)

Mission: Mission: 
Stewardship of routinelyStewardship of routinely‐‐acquired acquired 

i t li t l d t d t tid t d t ti

• CTD
• Expendable 

Probe
• Flowmeter

• Speed Log
• SSV
• Thermometer
• Timeserver

environmental sensor environmental sensor data+documentationdata+documentation
from U.S. academic research fleetfrom U.S. academic research fleet

Currently:Currently:
26 In26 In‐‐Service VesselsService Vessels

• Fluorometer
• GNSS /INS
• Gravimeter
• Gyrocompass

• Transmissometer
• TSG
• Winch

26 In26 In‐‐Service VesselsService Vessels
~400 Cruises/Year (over 3800 total)~400 Cruises/Year (over 3800 total)
~400 Instrument Systems~400 Instrument Systems

Services:Services:

• Gyrocompass
• Magnetometer
• Met Station
• Multibeam

*Provides an
EOV or ECV

•• Publish Publish master cruise catalogmaster cruise catalog
•• OrganizeOrganize, archive, and disseminate , archive, and disseminate 
data+documentationdata+documentation
AA d t litd t lit

• pCO2

•• Assess Assess data quality data quality 
•• Create Create postpost‐‐processed and/or  processed and/or  
qualityquality‐‐controlled controlled data productsdata products

•• Support Support atat‐‐sea event loggingsea event logging

Funding: NSF GEO, Ocean, Polar Divisions Funding: NSF GEO, Ocean, Polar Divisions 
and ONRand ONR New cruises since R2R launch in 2009New cruises since R2R launch in 2009

Additional/ legacy cruisesAdditional/ legacy cruises



Ka`imimoana Mothballed

Example of Observing System BreakdownT
Ka imimoana Mothballed

Data Return (%)

Number of buoys reporting dataNumber of buoys reporting data

Number of buoys reporting data

McPhaden, NOAA
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Societal drivers 2012Societal drivers 2012
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Societal drivers next decade

Climate and
Weather Assessments andFisheries Weather

Real‐time
services

management of
ecosystem servicesRegional

priorities

Requirements

services

Requirements
Expanded EOVs

du
ct
s

Expanded observing 
systems and networks

D
at
a 
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Salinity Example
 Salinity modifies buoyancy of 

water
Vertical and horizontalVertical and horizontal 

transport
 Some organisms are sensitive to 

salinity 
 Salinity influences chemical 

processes (e g weathering of oil)processes (e.g., weathering of oil)
 Measurements from pinnipeds  

(marine mammals) can be also ( )
used to determine activities of the 
animal (examples on right)



GOOS Strategic Mapping
 http://lists-ioc-goos.org/goos-strategic-mapping-graphic



Links from Applications to EOVs 



Observation Network Link to ECV



How Do We Define Accuracy Requirements?
 One approach is to take requirements for different applications
Example, the Rolling Repository of Requirements
https://www wmo int/pages/prog/www/OSY/RRR-DB htmlhttps://www.wmo.int/pages/prog/www/OSY/RRR-DB.html
However, there are many applications and conflicting input
 Operations?
 Science?

 Alternatively, requirements can be determined for processes
Estimate the accuracy needs Sampling based on time scaleEstimate the accuracy needs. Sampling based on time scale
Perhaps 10 times the sampling is needed to understand 
Allows quantitative assessment of fitness for purpose – for q p p

each purpose
Provides researchers with information about what can be 

achieved with the existing and historical observation systemsachieved with the existing and historical observation systems



Flux (and Wind Accuracies) 
Desired for Various ApplicationsDesired for Various Applications

100 years
50 Wm‐2  (1 ms‐1)  

10 Wm‐2 (1 ms‐1)

10 years 1 Wm‐2 (0.1 ms‐1) 

0.1 Wm‐2 (0.01 ms‐1) 

0 01 Nm‐2 (2 ms‐1)

5 Wm‐2 (0.5 ms‐1)  Climate 
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Summary
 There are multiple sets of EOVs depending on the organization There are multiple sets of EOVs depending on the organization 

that states what is essential. ECVs are defined by one group 
(GCOS)

 We are trying to better articulate the links between SBAs, science 
issues, observational requirements and EVCs

 The Frame ork for Ocean Obser ations (FOO) and Strategic The Framework for Ocean Observations (FOO) and Strategic 
Mapping provides a mechanism for feedback between SBAs and 
ECVs – and feedback to modify the requirements and ECVs

 Goals for the observing system fit well into this context
 One of the great lapses is sustaining observations


