
Ocean Acidification Data Visualizations: 
How to access and use IOOS data 

1. Ocean Acidification  
2. How is IOOS data making a difference 

to shellfish growers? 
• IOOS, Regional Associations 
• Real-time data 
• OA data 

3. Real-time data in the context of global 
issues 

4. Developing educational products to aid 
OA understanding using IOOS data. 



 Formal educator 

 Informal educator 

 Scientist 

 Policy/Resource manager 

 Interested citizen 

Q: Who’s on the line? 



Q: Where do you live? 

 Atlantic 

 Caribbean 

 Great Lakes 

 Gulf 

 Pacific (including Alaska, Hawaii) 

 

 



OA is  
a global condition  

with  
local effects 



Source: IPCC 2013 
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Local effects  
 



OA is  
a global condition with local effects 

• We need local through global scale 
observations in order to get either correct 

 

• This issue demands our coordination, 
networked skill, and open analysis 

 
 

 



U.S. IOOS: 
Designed to connect and serve 

• System to connect local to national to global 
 

• System that is a federal-non federal  
(aka public-private) partnership 
– Academia, Govt’s (fed, tribal, state), Industry, NGO 

 

• System spanning observations-to-decision products, 
serving coastal ocean data and information 

 

• System to serve the public  
– Climate/weather, marine resources, public health,  

coastal hazards, marine operations, national security, 
ecosystem sustainability 





The Federal Partners of IOOS 



The Regional Associations of IOOS 



Reg. Assn’s 

engage 

DIVERSE LOCAL STAKEHOLDERS 

assure 

CONSISTENT NATIONAL CAPABILITY 

Leverage 

and Link 



“Putting an IOOS buoy 
in the water is like 
putting headlights  
on a car.  It lets us see 
changing water 
conditions in real 
time,”  says Mark 
Wiegardt, co-owner 
of Whiskey Creek 
Shellfish Hatchery. 



7.5

7.55

7.6

7.65

7.7

7.75

7.8

7.85

7.9

7.95

0

2

4

6

8

10

12

12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00

p
H

 

Te
m

p
. ©

 /
 T

id
e

 (
m

) 
March 2011 

Temp © Tide (m) pH

Fill Tanks 

 DO NOT 
Fill Tanks 

Bay Center Port  

Slide adapted from Andy Suhrbier, 

Pacific Shellfish Institute 
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The pH co-varies with 

tides, but differently at 

different places and 

times 



Real-time Water Quality Data  
for Shellfish Growers in the Pacific NW 

  

A partnership between the NERRS, NANOOS, and growers since 2004 



NANOOS and NERRS worked with the Pacific Coast Shellfish Growers 

to produce  REAL-TIME WATER QUALITY DATA access in a web-

based application growers designed for 13 stations AK, WA, and OR. 

 



NANOOS and NERRS worked with the Pacific Coast Shellfish Growers 

to produce  REAL-TIME WATER QUALITY DATA access in a web-

based application growers designed for 13 stations AK, WA, and OR. 

 

Shellfish growers designed 

this website, with toggles 

for units (such as 

Fahrenheit or  Celsius for 

temperature), and for 

time period (hours to 

months) as well as info on 

the station and its typical 

ranges for water quality 

variables. 



http://nvs.nanoos.org 

UW-NOAA 

Taylor Shellfish  

Inc. 

Seattle Aquarium 



Making it simpler… 

NANOOS developed a focus group 

to work together with shellfish 

growers to understand their needs 

and desires for data and information 

Lisa Bishop, Little Skookum Shellfish Growers 
Bill Dewey, Taylor Shellfish 
Paul Harris, Seattle Shellfish 
Eric Sparkman, Squaxin Island Tribe 
Dave Steele, Rock Point Oyster  
Shina Wysocki, Chelsea Farms 
Amy Sprenger, NANOOS Education 
Sarah Mikulak, NANOOS Outreach  
Troy Tanner, NANOOS Web Developer  
Jan Newton, NANOOS Director 





 



 



What resulted… 

A new NVS Shellfish Growers app with: 
• Expanded tidal forecast data to more sites 
• Graphs for comparing multiple variables 
• A “Help” tab for how to use the app’s features 
• River gauge data 
• Reference information on variables  
• Ability to download >one variable at a time  

 
And future plans to have: 
• Airport weather data, precipitation 
• Make a notifications feature 
• Compare present data with historical data 
 

 
 
 



http://nvs.nanoos.org/ 

What resulted… 









 Enabling 
Partnerships:  

 Shellfish growers 
and OA data 

 

 IOOS is providing 
information having real 
impact to regional 
stakeholders 



Makes connections 

The West Coast Ocean Observing Systems (SCCOOS, CeNCOOS and 
NANOOS) and the West Coast Governors Alliance on Ocean Health (WCGA) 
signed a Memorandum of Understanding in October 2012 to advance the 
effective management of coastal and ocean resources on the West Coast, 
ensuring that the organizations' collaborative efforts are responsive to the 
comprehensive West Coast stakeholder community and incorporate the 
best available ocean observation-based information. 
  
 

• Ocean Acidification  
• Marine Debris 

Sea Grant 
Fellow 
Laura Lilly 



 
Includes data from:  
buoys, fixed platforms, cruises, and gliders. 
 

Measurements 
1) Direct OA variables (pCO2, pH, DIC, TA) 
2)   Proxy variables (T, S, O) 
         - tracks aragonite saturation state (Ω)  

West Coast Ocean 
Acidification Asset Inventory 



Makes data available    
OA data accessible via regional portals AND discoverable nationally via IOOS  



Goal 1  Global OA conditions  
 

Goal 2  Ecosystem response 
to OA 
 

Goal 3  Data to optimize 
modeling for OA 

  

Global scale 



Regional scale 



Regional scale 



Makes information available    



Makes information available    



Gliders 

DO Arag. Sat’n 

Makes OA technology investments 

CeNCOOS & SCCOOS support gliders 

collecting pH, oxygen, pCO2 and data to 

estimate aragonite saturation state.  

DO pCO2 



Shellfish 
hatchery 
monitoring with 
expert 
consultants and 
joint data 
delivery  

Estuarine OA 
profiling buoys, 
field testing pH 
at depth 

Field testing 
DIC sensor  

Makes OA technology investments 



To be launched soon!! 



To be launched soon!! 



To be launched soon!! 







Using ocean data- 
Why bother? 

• Using real ocean data engages students and gets them to use 
technology and information just as researchers do: students 
can formulate and test hypotheses and refine their ideas  

– Capture their interest in science and investigation  

– Apply students’ savvy internet skills in the science classroom 

 

• Using real ocean data can make what happens in the classroom 
relevant to student’s lives  

– Bring in the world of high-tech instruments and real-time data   

– Provide stronger sense of authenticity to your teaching 



Q: How familiar are you 
with real-time OA data?  

 

 Very familiar, I use it regularly 

 Somewhat familiar, I know of it 

 I would use it if I knew where to find it 

 Not at all familiar 

 



How best to use real-time data? 

• Global issues versus real-time data 

– Sea level rise 

– Global warming 

– Ocean acidification 

 

• Challenge: time scales 

• Challenge: knowledge of the causes of 
variation 



http://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?stnid=9447130 

The mean sea level trend is 2.06 
millimeters/year with a 95% 

confidence interval of +/- 0.17 mm/yr 
based on monthly mean sea level data 
from 1898 to 2006 which is equivalent 
to a change of 0.68 feet in 100 years. 

Sea Level Rise 

Real time water 
level data  

http://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?stnid=9447130


http://www.ncdc.noaa.gov/cag/time-series/global  

Global warming 

Real-time air 
temperature data  

http://www.ncdc.noaa.gov/cag/time-series/global
http://www.ncdc.noaa.gov/cag/time-series/global
http://www.ncdc.noaa.gov/cag/time-series/global
http://www.ncdc.noaa.gov/cag/time-series/global


Ocean acidification 

• Atmospheric CO2 (both xCO2 and pCO2)  

• Seawater CO2 (ditto) 

• Seawater pH 
 

• Saturation state (Ω) aragonite or calcite  

 

 Complicated story… 



Trends in air and seawater pCO2 

http://hahana.soest.hawaii.edu/hot/trends/trends.html  

 

http://hahana.soest.hawaii.edu/hot/trends/trends.html


http://www.pmel.noaa.gov/co2/story/Space+Needle  

Blue: Space 
Needle in 
Seattle 
 
Green: Buoy 
off Coast 

Atmospheric xCO2 
 

http://www.pmel.noaa.gov/co2/story/Space+Needle
http://www.pmel.noaa.gov/co2/story/Space+Needle


Variability is much larger in coastal waters  
than the open ocean, then there are estuaries 

Variability is much larger in coastal waters  
than the open ocean, then there are estuaries 

Courtesy C. Sabine, NOAA PMEL 



So HELP !! 

• So many variables 

• So much variation 

 

• Can I really use real-time OA data ??? 

 

• Lets get to the basics of what affects the OA 
variables… 



CO2 CO2 

CO2 

Photosynthesis consumes 
CO2  at the surface 

Respiration releases 
CO2 near the bottom 

Processes that fuel increased respiration yield 
higher CO2, lower pH, and lower O2 

Image: NOAA PMEL 

CH2O + O2  CO2 + H2O  

CO2 + H2O  CH2O + O2  Surface/shallow water:  
High O2, pH, Ω 

Low CO2 

Deep/bottom water:  
Low O2, pH, Ω 

High CO2 



CO2 CO2 

CO2 

Photosynthesis consumes 
CO2  at the surface 

Respiration releases 
CO2 near the bottom 

Processes that fuel increased respiration yield 
higher CO2, lower pH, and lower O2 

Image: NOAA PMEL 

CH2O + O2  CO2 + H2O  

CO2 + H2O  CH2O + O2  Surface/shallow water:  
High O2, pH, Ω 

Low CO2 

Deep/bottom water:  
Low O2, pH, Ω 

High CO2 



Hello Spring Bloom !! 

Southern Hood Canal at Twanoh 

NOAA PMEL – NANOOS 
collaboration 



Seattle Aquarium – King 
County – NOAA PMEL – 
NANOOS collaboration 

Spring Bloom 
here too, but 
later…classic 
Sverdrup (1942) 
“critical depth” 
explanation !  

NOAA pCO2 

@Seattle Aquarium 

Oxygen 
KC@Seattle Aquarium 
 

Puget Sound Main 
Basin at Seattle  

Chlorophyll 
KC@Seattle Aquarium 



Wind 
Stress 

Upwelling 

Offshore water 
displacement due to 

earth’s rotation 

Seasonal upwelling brings high CO2,  
low pH, low oxygen water to surface 

Image:  NOAA PMEL 
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Ocean Acidification:  Upwelling 



What are the upwelling conditions 
along the West Coast today? 

 
 

Use IOOS  data to find out! 

What variables might you want to 
look into? 



Data explorer 



Wind direction 

Between 300 and 60 
degrees is upwelling 
favorable 



Seawater temperature 

Colder temperature 
indicates deep waters 



Salinity 

Higher salinity 
indicates deep waters 



How best to use real-time data for 
studying OA? 

• Reinforce basic scientific principles 

– Photosynthesis and Respiration 

– Upwelling 

– Spatial scales of variation 

• e.g., coastal vs. open ocean 

– Temporal scales of variation 

• e.g., weeks, years, decades 
 

• But, you are not alone! 



Educator tools 



 

e.g., upwelling lesson plan 



Education resources, including OA 



 


