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I just drove to this meeting and emitted CO2. What is the global fate of 
anthropogenic CO2 Emissions (2000-2010)? 

LeQuere et al. Nature Geosciences 2009; Global Carbon Project 2011  

~10 billion tons 
carbon per year + 

Atmosphere 
47% 

Land 
27% 

Oceans 
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Ocean Acidification is caused by increases in 
CO2 emissions absorbed by the ocean 



Source: NECAN  website   
www.necan.org 

Omega, or 
calcium 
carbonate 
(aragonite) 
saturation  
is a good 
measure of 
impact of OCA 



The Gulf of Maine is 
one of the world’s 
hotspots for lower pH 



Figure from NECAN 
oceanography journal article 
(Gledhill et al., 2015) modified 
for NECAN website 

The Gulf of Maine is more susceptible to OA 
because it is cold and has lower buffering capacity 



We see evidence for declining pH  locally 
as well: Casco Bay pH is declining 



Coastal acidification is the process where coastal 
sources modify and enhance ocean acidification 

Doney et al. PNAS 2007; 
Doney Science 2010; Kelly et 
al. Science 2011 



Lower aragonite saturation found in areas of lowered 
oxygen which is associated with nutrient enrichment 
(Narragansett bay data) 

Nutrient enrichment 

Enhanced primary 
production 

Microbial respiration 
delivers more CO2 to 
bottom waters 

Nutrient Enhanced Coastal Acidification 



Evidence of riverine drivers of 
coastal acidification 



New England is vulnerable to ocean and coastal 
acidification because of our reliance on commercial 
shellfish industry 

In 2012, New England landed 301,185 

metric tons of finfish and shellfish 

(earning $1.2 billion in landings revenue!) 

- ⅔ of these landings ($800 million in 

landings revenue) can be attributed to 

American lobster and sea scallop (Gledhill 

et al., 2015) 

The Northeast region shows a relatively higher 
social and economic sensitivity to the impacts of 
ocean acidification on mollusk harvests than other 
regions along the Atlantic coast. (Ekstrom et al; 
Natural Resources Defense Council 2015) 



Mollusk shells are at 
risk of dissolving 



Talmadge and Gobler PNAS 2010 

Pre-Industrial 

Year 2100  

Today’s pCO2 



Events on the West Coast 
inspired creation of NECAN  



What are we doing about this? 
NECAN has connected policy makers, stakeholders and 
researchers 

• State of the Science workshop 

• Oceanography journal article  

• Webinars in 2014 and 2016 highlight new science and 
policy 

• Stakeholder workshops focus on concerns about 
shellfishing, nutrients, ecosystem change 

• Workshops recommended practical monitoring guidance 
(funded by EPA HQ and written by EPA Narragansett lab 
scientists 

• Communication (website, video, newsletter) 

• Presentations at meetings (RARGOM, RAE, NERACOOS, 
NEOSEC) 

• Policy Working Group tracks legislation and distributes 
information to lawmakers 

• Set research and implementation priorities 



www.necan.org 



Fig 10. Mean ± SD (n = 100) model forecasts out to 2050 using CO2 forcing from RCP 8.5 and 1.4°C SST 
warming (blue) and forecasts with constant 2008 CO2 concentration and temperature (red). 

Cooley SR, Rheuban JE, Hart DR, Luu V, Glover DM, et al. (2015) An Integrated Assessment Model for Helping the United States 
Sea Scallop (Placopecten magellanicus) Fishery Plan Ahead for Ocean Acidification and Warming. PLOS ONE 10(5): e0124145. 
doi:10.1371/journal.pone.0124145 
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0124145 

Image from Cooley 
et al., and Doney 
NECAN webinar on 
scallop model 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0124145


Research Priorities for NECAN 
Incorporated into RFP’s of NOAA and Sea Grant 





What is EPA doing? We are assessing variability in the coastal areas working with 
National Estuary Programs 

Preliminary data from CBEP/UNH system showing influence 
of end of spring bloom on aragonite saturation 

EPA is interested primarily in estuarine and coastal waters 
We need to improve our monitoring capacity in coastal 
waters and determine appropriate parameters and standards  
An integral goal of EPA’s water program and climate strategy 
We are interested in helping communities adapt to climate 
change. 



Instrumentation in Casco Bay, sponsored by Casco Bay 
Estuary Partnership and EPA Office of Water and University 
of New Hampshire 

The SeaFET™ Ocean pH sensor is 
an ion selective field effect 
transistor (ISFET) type sensor for 
accurate long-term pH 
measurements in salt water. 

• Seafet pH sensor made by 
Satlantic 

• Colorimetric Sunburst 
Submersed Automated 
Monitoring Instrument (SAMI) 
for CO2 owned by UNH 

• Optical DO sensor 

• Conductivity (salinity) and 
temperature sensors 



Maine Ocean and Coastal Acidification (MOCA) 
Partnership is promoting information sharing 

From Maine Coastal Ocean Observing Alliance 
discussed at MOCA symposium in June 

Island Institute project discussed at 
MOCA partnership meeting in 
November on remediation options 



Six Takeaways  

• Ocean Acidification (OA) is happening now 

• OA is exacerbated by coastal influences 

• We are already seeing effects in the Gulf of 
Maine 

• NECAN is helping connect stakeholders to 
the best and current science 

• EPA is helping coastal managers monitor 
and understand variability in estuaries 

• MOCA is a NECAN partner and is working on 
state-specific actions 


