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Thank you for the opportunity to testify here today. My name is Dr. Sarah Cooley, and I am the Director 
of the Ocean Acidification Program at Ocean Conservancy. Previously, I was a Research Associate III at 
Woods Hole Oceanographic Institution, a private, independent ocean research institution. I am an 
expert on the impacts of ocean climate change on human communities, and served as a lead author on 
the 2nd State of the Carbon Cycle Report and a review editor on Volume II of the 4th National Climate 
Assessment. Additionally, I am a lead author on the 6th Assessment Report of the Intergovernmental 
Panel on Climate Change, which will be complete in 2021.  
 
Ocean Conservancy is a 501(c)(3)nonprofit organization that creates science-based solutions for a 
healthy ocean and the wildlife and communities that depend on it. For over 40 years, Ocean 
Conservancy has been deeply engaged in supporting action at the local, national, and global level to the 
greatest challenges facing our ocean.  
 
Unfortunately, our ocean and the people who depend on it are facing unprecedented challenges. The 
ocean is a system at risk, struggling to keep pace with rising temperatures, pollution, and the absorption 
of greenhouse gases. With this testimony, I will describe the state of the science on ocean change as it 
relates to acidification, warming, and deoxygenation. I will also summarize the main findings of the 
“Oceans and Marine Resources” Chapter  of the 4th National Climate Assessment (“Fourth National 
Climate Assessment” 2018), a report which is designed to serve as an authoritative assessment on the 
science and impacts of climate change, with a focus on the United States, and provides important 
context for understanding the impact of climate change on the ocean and its resources. I will conclude 
by identifying research gaps in measuring and understanding ocean change that, if addressed, will 
create a stronger base of scientific evidence from which we can develop responses to better manage the 
impacts of ocean change.  

1. State of the Science 

The ocean has absorbed many of the most immediate consequences of carbon pollution, buffering us 
from some of its most damaging impacts. The ocean has absorbed 93% of the total excess heat energy 
taken up by greenhouse gas in the atmosphere (“Climate Science Special Report: Fourth National 
Climate Assessment, Volume I.” 2017, chap. 13). 1 Despite this, solar radiation has still heated the 

                                                           
1 Henceforth, references to the Climate Science Special Report will be abbreviated “CSSR,” and the Fourth National 
Climate Assessment will be abbreviated “NCA4”.   
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atmosphere, land, and ocean surfaces of our planet by about 1.8°F from 1901-2016 (NCA4, chap. 2). At 
the same time, the ocean has absorbed 22% of the atmospheric carbon dioxide released as waste from 
fossil fuel burning and land use change from 2008-2017 (Quéré et al. 2018). While this has kept those 
fossil fuel emissions from warming the atmosphere, it is also fundamentally changing the chemistry of 
the ocean via ocean acidification. 

1.1 Ocean Acidification 

Ocean acidification is an invisible but growing threat to the world’s oceans. Time-series measurements 
show clearly that the dissolved carbon dioxide concentration of surface ocean water is rising at the same 
pace as atmospheric carbon dioxide concentrations (Figure 1). When carbon dioxide dissolves in water, 
carbonic acid is created, which is gradually lowering the pH of seawater and altering other chemical 
balances important for marine life. 
 
We are already seeing the effects of ocean acidification. In the mid-2000s, widespread death of larval 
shellfish at hatcheries in the Pacific Northwest region of the United States alerted the aquaculture 
industry to a major region-wide problem. In partnership with federal and university researchers, the 
industry identified the problem as ocean acidification caused by fossil fuel emissions dissolved in Pacific 
Ocean water that upwelled to the surface decades earlier than previously anticipated (Feely et al. 2008). 
This finding, plus growing evidence of the ocean’s role in taking up a large portion of the annual 
emissions from fossil fuel burning (e.g., Quéré et al. 2018), helped kick off a nationwide effort to 
understand ocean acidification’s full impacts on marine ecosystems. In 2009, Congress took action to 
better understand the issue by passing the Federal Ocean Acidification Research and Monitoring Act (or 
FOARAM), which provided for a coordinated response by U.S. federal scientific agencies to understand, 
track, and address ocean acidification.  
 
Since then, laboratory studies, many of them supported by the federal funding authorized by FOARAM, 
have shown that ocean acidification has an array of effects on marine species, and the effects are 
difficult to generalize. Global studies have determined with high confidence that increasing atmospheric 
carbon dioxide causes ocean acidification (Figure 2), and that acidification decreases the calcification 
rate of many organisms with hard shells and skeletons. Corals grow more slowly under acidification and 
are less able to recover from breakage or loss from heat-driven bleaching or disease.  Many animals that 
sustain lucrative fisheries, such as oysters and crabs like Dungeness, red King, and Tanner crabs, are 
more sensitive at earlier life stages, and acidification causes them to grow more slowly and allows fewer 
to survive to adulthood.  Ocean acidification changes the behavior of some fishes and sharks, impairing 
their ability to find prey or avoid predators. Some models suggest acidification will generally reduce fish 
biomass and catch.   
 
We have high confidence that ocean acidification can stimulate growth and primary production in 
seagrasses and some phytoplankton. Although increased plankton growth can provide benefits to 
marine ecosystems, some fast growing species can out-compete others and cause harmful algal blooms. 
Emerging evidence suggests that harmful algal blooms could become more frequent or toxic in response 
to acidification.  
 
While it is unclear exactly how ocean acidification’s impacts will propagate through ocean ecosystems 
and food webs, there is no question that complex interactions will occur among ocean acidification and 
other stressors. That’s especially true in the coastal zone where warming, deoxygenation, pollution, 
river discharge and precipitation, seasons, weather, climate, and tides intersect with human activities 
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like fishing, dredging, development, and restoration. The end result is an especially complex system of 
environmental drivers that affect coastal systems and the humans that depend on them in ways that are 
difficult to predict. In addition, the variety of factors at play in the coastal zone often makes it difficult to 
attribute trends in coastal acidification directly to atmospheric carbon dioxide (Figure 3).  
 
Overall, ocean acidification may disrupt important benefits that ocean systems and resources provide to 
human communities. Coral reef-associated fisheries and tourism are at risk, as well as coastal 
communities protected from storm waves by corals. Some studies suggest ocean acidification will alter 
the market qualities of fishery harvests. One study reported changes in flavor of pink shrimp raised 
under ocean acidification conditions (Dupont et al. 2014), and integrated assessment models show that 
fishery revenues will decrease if ocean acidification decreases the recruitment or slows the growth of 
lucrative species like sea scallops and red king or Tanner crab (Cooley et al. 2015; Punt et al. 2014). 
Studies of the socioeconomic impacts of ocean acidification are fewer in number than studies of its 
geochemical or biological impacts. 
 
Despite the complexity of predicting ocean and coastal acidification’s impacts on marine ecosystems 
and human communities, an active community has developed to identify, test, and share opportunities 
to act. In the Pacific Northwest U.S., shellfish hatchery owners have focused on protecting the multi-
million dollar-a-year industry that employs thousands of people. Teaming up with researchers, 
hatcheries have invested in “future proofing” steps such as monitoring seawater chemistry at intake 
pipes, modifying the chemistry of intake water, and experimenting with selective shellfish breeding. 
Activities supported by the National Oceanic and Atmospheric Administration (NOAA), and authorized 
by FOARAM, have developed a rich observing network in the Pacific Northwest and across the nation.2 
This effort allows people who depend on ocean resources to track and respond to acidification and has 
been likened to “putting headlights on a car.”  
 
Engagement of multiple sectors, including university and federal researchers, the shellfish aquaculture 
community, resource managers and more has been a hallmark of the particularly successful work of 
adapting to ocean acidification in the U.S. to date. It continues even now: Ocean Conservancy helped 
convene shellfish industry leaders from across the country last week on the Gulf Coast to share best 
practices to help the sector plan ahead for ocean acidification.  
 
In the United States, scientists, regional industry and resource management experts, educators, and 
science communicators are joining largely self-organized groups such as the Global OA Observing 
Network (GOA-ON) and the regional Coastal Acidification Networks (CANs) that are supported by the 
NOAA Ocean Acidification program and the U.S. Integrated Ocean Observing System. Lessons learned in 
one region are being transferred to other regions, accelerating the application of adaptive solutions and 
technology to monitor ocean acidification. Regional collaboration by the governors’ offices of California, 
Oregon, Washington, and the premier’s office of British Columbia recently helped create the 
International Alliance to Combat Ocean Acidification3, a voluntary partnership of over 70 governments 
and nongovernmental organizations dedicated to advancing scientific understanding of acidification, 
reducing its causes, building adaptation and resiliency, expanding public awareness, and building 
sustained international support for research, monitoring, and education. At the same time, programs 
like the International Ocean Acidification Coordination Centre (OA-ICC), supported by the International 

                                                           
2 http://www.ipacoa.org/Explorer  
3 https://www.oaalliance.org/  

http://www.ipacoa.org/Explorer
https://www.oaalliance.org/
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Atomic Energy Agency, are increasing international scientific coordination, collaboration, and capacity 
building.   
 
1.2 Warming:  

The increasing heat energy content of the ocean is leading to seawater warming and expansion, along 
with sea ice melt. A study released this January showed, using multiple different lines of evidence, that 
ocean heat content is rising more quickly than previous assessments indicated (Cheng et al. 2019). 
Ocean model projections included in the last IPCC assessment (AR5) had predicted continued steady 
ocean heat uptake, but the evidence available at the time of AR5’s publication, around 2013, showed 
surface ocean warming had slowed. This was due to redistribution of ocean heat and not reduced ocean 
heating.  The increasing heat content of the ocean is changing ocean circulation, raising sea levels 
around the world (“Climate Science Special Report: Fourth National Climate Assessment, Volume I.” 
2017)(hereinafter referred to as CSSR), and affecting biological responses in the ocean from top to 
bottom.  

 

1.2.1  Impacts of Sea Level Rise on Human Communities 

One of the most immediately apparent effects of ocean warming affects coastlines, where sea level is 
rising. Sea level rise is primarily driven by expansion of warming seawater and melting of land-bound 
glaciers. Coastal communities in the United States now experience regular flooding, euphemistically 
called “sunny day flooding” or “king tides.” 50 million housing units are within 1/8 of a mile of the coast, 
and projections suggest that between $66 and $106 billion of real estate value may be underwater by 
2050 (NCA4, chap. 8). Moreover, 60,000 miles of roads and bridges are located along the coast (NCA4, 
chap. 12), many if not most of which will need to be repaired or relocated. These costs will become an 
increasing economic liability for municipalities and programs like the National Flood Insurance Program, 
which may become insolvent when properties become unsellable (NCA4, chap. 8). Ocean-dependent 
businesses like fishing will also be hurt when sea level rise damages or destroys coastal infrastructure 
like ports, marinas, and docks. And, we are already seeing these costs to our cities and military bases.  
 
The Department of Defense has been studying the potential impacts of climate change on military 
readiness and installations for decades, having produced at least 64 public reports and assessments on 
that topic since 1990.4  Not only is climate change likely to worsen international conflict or complicate 
military responses, but it will damage key assets like roads, runways, and waterfronts (NCA4, chap. 16).  
In Hampton Roads Virginia, the nation’s largest naval base, Naval Station Norfolk, is at major risk from 
sea level rise (Office of the Under Secretary of Defense for Acquisition and Sustainment 2019). 
According to news reports, this is spurring a good deal of innovation and redevelopment in the area,5 
but questions remain about how to help the entire community adapt in a socially and economically 
equitable way.   
 
Of course, these issues are not confined to military infrastructure. Coastal communities and states 
throughout the country are already adapting to sea level rise in hope of averting greater costs 

                                                           
4 https://climateandsecurity.org/resources/u-s-government/defense/ 
5 https://insideclimatenews.org/news/15052018/norfolk-virginia-navy-sea-level-rise-flooding-urban-planning-
poverty-coastal-resilience; https://insideclimatenews.org/news/10252017/military-norfolk-naval-base-flooding-
climate-change-sea-level-global-warming-virginia 

https://climateandsecurity.org/resources/u-s-government/defense/
https://insideclimatenews.org/news/15052018/norfolk-virginia-navy-sea-level-rise-flooding-urban-planning-poverty-coastal-resilience
https://insideclimatenews.org/news/15052018/norfolk-virginia-navy-sea-level-rise-flooding-urban-planning-poverty-coastal-resilience
https://insideclimatenews.org/news/10252017/military-norfolk-naval-base-flooding-climate-change-sea-level-global-warming-virginia
https://insideclimatenews.org/news/10252017/military-norfolk-naval-base-flooding-climate-change-sea-level-global-warming-virginia
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associated with flood recovery. In Florida, there are 120,000 properties at risk from frequent tidal 
flooding (NCA4, chap. 19). Current projections in Florida estimate that between $15 and $23 billion of 
existing property will likely be underwater by 2050 (Bloomberg et al. 2014, 24). This January, Florida’s 
governor issued an Executive Order to create the Office of Resilience and Coastal Protection, to help 
prepare Florida's coastal communities and habitats for impacts from sea level rise. In Texas, natural 
coastal habitats protect about $2.4 billion worth of property and thousands of lives (NCA4, chap. 23) as 
well as 25 percent of the Nation's refining capacity, four crucial ports, much of the strategic petroleum 
reserves, and strategic military deployment and distribution installations. The state is planning over $12 
billion in sea level rise solutions, which include storm surge protection, drainage and erosion control, 
and flood mitigation projects.6 
 
Migration away from coastal cities is expected to place heavy growth pressure on inland urban centers. 
A recent modeling study suggests that 1.8 m of sea level rise [slightly more than the 0.3-1.3 m 
considered very likely to occur by 2100 in NCA4 chap. 2, but much less than the 2.5 m considered 
physically plausible but whose probability is difficult to determine in the same assessment] could cause 
Florida to  lose more than 2.5 million residents, and Texas to gain nearly 1.5 million additional residents 
(Hauer 2017). Other sea level rise-impacted communities are already taking steps to leave the coastal 
zone altogether. In Louisiana, the Biloxi-Choctaw tribe has a $48 million grant from the federal 
government to develop a plan to relocate residents of Isle de Jean Charles. The island has lost 98% of its 
landmass since 1955 and has only approximately 320 acres (approximately 1/2 square mile) remaining. 
The population living on the Island has fallen from 400 to 85 people. Ad hoc migration has resulted in 
family separation, spreading individuals across southern Louisiana. In addition, the Tribe continues to 
lose parts of its livelihood and culture, including sacred places, cultural sites and practices, healing 
plants, traditional foods, and lifeways. (NCA4 chap. 19) In Alaska, the villages of Kivalina, Newtok, 
Shishmaref, Shaktoolik and others face grave risks from sea level rise and coastal erosion.  
 
1.2.2 Moving marine resources 
 
All along our coastlines, marine life is moving in response to warming oceans. There is a clear northward 
trend across 360 marine species at a speed of about 5 miles per decade on average (Pinsky et al. 2013).  
The National Climate Assessment noted that many commercially and recreationally valuable fish and 
invertebrates are moving poleward or into deeper water, from the net effect of temperature on 
productivity, recruitment, survivorship, and, in some cases, active movement to follow species’ 
preferred temperature conditions (NCA4 chap. 4). Lobster harvests, for example, have shifted north 
substantially in the last fifty years, at a speed of 43 miles a decade (Pinsky et al. 2013) and 7. Shifts in 
distributions of fisheries stocks can complicate fisheries management and place strain on fishing-
dependent communities. Fishermen may try to follow their target species but fishing costs, port 
locations, regulations, management boundaries, and other factors make it hard for fishers to track 
species movement (NCA4, chap. 4). 
 
1.2.3 Ocean heat waves 
 

                                                           
6 https://www.estormwater.com/construction-begins-houston-flood-mitigation-projects; 
http://www.austintexas.gov/department/creek-flooding; 
http://www.gccprd.com/pdfs/GCCPRD%20Phase%203%20Report%20-%20Recommended%20Actions.pdf  
7 https://www.eurekalert.org/pub_releases/2013-09/pu-mom091113.php  

https://www.estormwater.com/construction-begins-houston-flood-mitigation-projects
http://www.austintexas.gov/department/creek-flooding
http://www.gccprd.com/pdfs/GCCPRD%20Phase%203%20Report%20-%20Recommended%20Actions.pdf
https://www.eurekalert.org/pub_releases/2013-09/pu-mom091113.php
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The NCA4 provides details on how America’s fisheries are also suffering from extreme heat events. A 
marine heat wave in the northwestern Atlantic Ocean in 2012, and a heat wave in the northeastern 
Pacific Ocean during the years 2014-2016, raised temperatures more than 3.6°F [2°C] above the normal 
range and lasted for several months (NCA4, chap. 19). In the 2012 event, warm temperatures in the Gulf 
of Maine caused lobster catches to peak 3–4 weeks earlier than usual. The supply chain was not 
prepared for this early peak, leading to glut of lobster and a severe drop in price. (NCA4, chap. 19) The 
Northeastern Pacific event included an extensive bloom of a toxic algae species (Pseudo-nitzschia) that 
caused mass mortalities of sea lions and whales and closed the Dungeness crab fishery. When the crab 
fishery reopened in the spring of 2016, out of step with typical Dungeness fishery open times, increased 
fishing activity during the spring migration of humpback and gray whales led to more whales becoming 
entangled in crab fishing gear. Continued warm temperatures in the Gulf of Alaska during 2016 reduced 
the catch of Pacific cod (NCA4 chap. 19). Overall, marine heat waves are remaking marine ecosystems: 
for example, warmer water has made sea stars all over the West Coast susceptible to wasting disease, 
killing the sea stars and allowing their typical prey, sea urchins, to go unchecked and consume vast 
amounts of kelp (Harvell et al. 2019).  
 
1.2.4. Loss of sea ice 
 
Warming polar oceans are melting sea ice, affecting ecosystems, the planetary heat budget, and human 
access to the Arctic. In the Arctic Ocean, annual average Arctic sea ice extent has decreased 
precipitously since the 1980s, and it is likely that there will be an Arctic summer within this century that 
is sea ice-free (NCA4 chap. 26). Ice-dependent species like Arctic cod, polar bears, and walruses are 
losing important habitat, which is expected to affect the entire Arctic marine food chain, including 
Indigenous populations that depend on marine mammals (NCA4 chap. 26). Subsistence hunting will 
become more dangerous and difficult, which threatens the food security and continuity of ways of life 
that have existed in communities for millennia. In addition, reductions in sea ice extent increase the 
Arctic Ocean’s ability to absorb solar heat, creating a positive feedback that warms the ocean further 
(NCA4, chap. 2).  
 
Decreasing sea ice is also facilitating the growth of vessel traffic in the Arctic, including destinational and 
transarctic shipping. While increasing vessel traffic in the Arctic will bring opportunities and benefits, it 
also creates risks in this remote region. The National Climate Assessment notes that increased vessel 
traffic “would bring environmental risks to fisheries and subsistence resources” (NCA4 chap. 26). 
Transarctic shipping will also create a new avenue for the spread of invasive marine species. From a life 
and safety perspective, the U.S. Arctic currently lacks deep water ports and has insufficient search and 
rescue and environmental response capabilities for such a vast and remote region. The U.S. also lacks 
icebreaking capacity (NCA4 chap. 26)—although Congress has taken the first steps toward remedying 
that problem by appropriating funds in Fiscal Year 2019 for an Arctic icebreaker.  
 
1.3. Deoxygenation 

Ocean oxygen levels are declining because of ocean warming. First, warmer water holds less oxygen 
because gas solubility decreases as temperature rises. Second, ocean warming helps discourage deep 
vertical mixing by stratifying, or increasing the top-to-bottom density difference, of the ocean water 
column. Vertical mixing is the main way oxygen moves into the ocean. Warming and stratification also 
cause ecosystem changes that alter photosynthesis and respiration, further changing oxygen dynamics 
(NCA4, chap. 4). Researchers recently noted that ocean deoxygenation may cause short-term increases 
in fishery catch, as fish stocks are easier to target when squeezed into shrinking areas where oxygen 
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levels are adequate, but ultimately ocean deoxygenation will lead to unsustainable changes as the 
suitable habitat shrinks (Breitburg et al. 2018).  
 
Oxygen loss from the ocean can also affect the global nitrogen cycle. As ocean oxygen declines, nitrous 
oxide production may increase. Nitrous oxide is even better than carbon dioxide at trapping solar 
energy, so an increase in nitrous oxide production would exert an intensifying feedback on planetary 
warming (CSSR). 

2. NCA4 key messages on Ocean and Marine Resources 

The 4th National Climate Assessment (NCA4) was published in November 2018. The NCA is a periodic 
assessment by the U.S. Global Change Research Program, requested by Congress, that evaluates the 
impacts of climate change on the United States, now and in the future. It is designed to be an 
authoritative analysis of the science of climate change, with a focus on the United States, to serve as the 
foundation for efforts to assess climate-related risks and inform decision making about responses. It is 
the product of more than 300 individuals from governments, indigenous groups, national laboratories, 
universities and the private sector, and which has been exhaustively reviewed by external experts, the 
general public, federal agencies, and an ad hoc committee of the National Academy of Sciences, 
Engineering, and Medicine.8 My work as a Review Editor on Chapter 9 of NCA4, which examines ocean 
and marine resources, meant that I was responsible for ensuring that the author team fully considered 
and responded to the reviews provided by the NAS committee and the general public. The final text of 
Chapter 9 was organized around three key messages, quoted below. 

2.1 Key Message 1: Ocean Ecosystems 

“The Nation’s ocean ecosystems are being disrupted by increasing global temperatures, 
resulting in the loss of iconic and highly valued habitats and changes in species 
composition and food web structure. Ecosystem disruption will intensify as ocean 
warming, acidification, deoxygenation, and other aspects of climate change increase. In 
the absence of significant reductions in carbon emissions, transformative impacts on 
ocean ecosystems cannot be avoided.”  

This message is supported by the existing evidence of climate impacts on marine resources to date, and 
the complex connections within marine ecosystems that are likely to be disrupted by future climate 
impacts. Opportunities for reducing this risk include conservation measures to reduce the effect of 
human-caused stressors besides climate, but there is growing evidence that many ecosystem changes 
can be avoided only by substantial and rapid reductions in atmospheric carbon dioxide concentration 
(NCA4, chap. 9). 

2.2 Key Message 2: Marine Fisheries 

“Marine fisheries and fishing communities are at high risk from climate-driven changes 
in the distribution, timing, and productivity of fishery-related species. Ocean warming, 
acidification, and deoxygenation are projected to increase these changes in fishery-
related species, reduce catches in some areas, and challenge effective management of 
marine fisheries and protected species. Fisheries management that incorporates climate 
knowledge can help reduce impacts, promote resilience, and increase the value of 
marine resources in the face of changing ocean conditions.”  

                                                           
8 https://nca2018.globalchange.gov/chapter/front-matter-about/  

https://nca2018.globalchange.gov/chapter/front-matter-about/
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This message is supported by the existing impacts to marine fisheries that have been observed, and 
projected changes in fish location and effort that will follow from continued climate impacts. To 
effectively reduce risks to marine fisheries, we must take steps to quickly and significantly reduce 
greenhouse gas emissions. Other opportunities for reducing risk to fisheries include instituting climate-
ready, ecosystem-based fisheries management that anticipates changing ecosystem conditions and 
resulting changes in species diversity and relationships, detailing human community vulnerability to 
climate change and ocean acidification, seeking to diversify fisheries, and using precautionary and 
dynamic fisheries management (NCA4, chap. 9). 

2.3. Key message 3: Extreme events 

“Marine ecosystems and the coastal communities that depend on them are at risk from 
significant impacts from extreme environmental events where very high temperatures, 
very low oxygen levels, or very acidified conditions interact. These events are projected 
to become more common and more severe in the future, and they expose vulnerabilities 
that can motivate change, including technological innovations to detect, forecast, and 
mitigate adverse conditions.” 

This message is supported by impacts from extreme ecosystem events to date, such as heat waves, 
regionally intense ocean acidification, and deoxygenation (Figure 4). In addition to quickly and 
significantly reducing greenhouse gas emissions, opportunities for reducing this risk include embracing 
technological adaptation designed to offset the most immediate impacts of extreme events (such as 
adaptations implemented by shellfish hatcheries), developing operational forecasts for ocean 
environmental conditions (temperature, acidity, oxygen level) and biological events like harmful algal 
blooms and fishery opening times (NCA4, chap. 9).  

3. Research gaps 

Our understanding of climate change in the ocean has grown vastly in the last half-century, but key 
knowledge gaps remain, and can be addressed with coordinated, transdisciplinary activities founded 
upon comprehensive monitoring, observations, and research. Detailed examinations of existing 
uncertainties and the evidence base exist in a number of recent national and international scientific 
assessments, including the U.S. National Climate Assessment’s Volumes I and II (here, CSSR and NCA4), 
the 2nd State of the Carbon Cycle Report, the Intergovernmental Panel on Climate Change’s 5th 
Assessment Report, its Special Report on Global Warming of 1.5°C, its forthcoming Special Report on 
Oceans and the Cryosphere, and its 6th Assessment Report. Some of the needs identified in these and 
other studies include the following: 
 

 Detecting and attributing the role of overlapping drivers, like acidification, warming, oxygen loss, 
fishing, pollution, and more, on influencing ocean species at the individual, population, and 
ecosystem levels. Tools like numerical ecosystem models, meta-analyses, mesocosms, and in situ 
studies are useful for this work, but they also require large teams and long studies, which can be 
difficult to fund.   

 

 Measuring the ability of species to acclimatize or adapt to ocean change (recommended in NCA4 
chap. 19). Long-term evolutionary studies and “-omics” (genomics, proteomics, metabolomics, 
etc.) techniques are some of the tools being refined to study this. 
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 Identifying the most useful biological indicators of change to use as part of long-term ocean 
ecosystem monitoring. Currently, long-term ocean observing skews heavily toward measuring 
chemical and physical variables, and a full suite of appropriate biological metrics to assess the 
impacts of stressors like acidification and deoxygenation are still being developed.9  

 

 Determining how best to incorporate ecosystem-scale information in precautionary fisheries 
management, while maintaining equitable and transparent decision making about fisheries 
resources. Fishery management councils in the U.S. are beginning to tackle this challenge, but 
need support and new tools to adapt their management practices.  

 

 Evaluating the multitude of non-economic ways in which human communities depend on marine 
resources. While food, energy, or natural materials resources are frequently evaluated using 
economic methods, ocean systems provide a host of additional services (e.g., carbon storage, 
temperature regulation, support of tourism, cultural meaning) that cannot be well measured 
with conventional/traditional economic techniques and require different multidisciplinary 
assessments. 

 

 Incorporating traditional and indigenous knowledge into ocean resource management and 
decision making. Traditional knowledge often spans a longer timescale and a broader range of 
environmental conditions than contemporary scientific data, but can be captured in ways (e.g., 
language, the arts) that are not directly compatible with other data used in decision making.  

 

 Connecting ocean governance across geographic and jurisdictional scales to support robust, 
coordinated decision making about ocean resources. Tools such as regional ocean data portals 
and processes such as collaborative decision making are supporting inclusive, multi-sectoral 
decision making, and need to be employed in more situations. 

 
 

 
4. Future Opportunities  
 
I would like to leave the Committee with one final thought. When looking at an unsolved problem, 
scientists sometimes fall into the trap of focusing on the unanswered questions and the knowledge gaps 
where more data and research are needed in order to make informed decisions. However, as an expert 
on the ocean impacts of climate change, I am here to tell you that we already know a lot about carbon 
pollution, climate change, and the impacts they have on the ocean and on human communities. What I 
see is alarming, and it is very clear that the fundamental solution to ocean warming, acidification, and 
oxygen loss is to decrease greenhouse gas emissions, particularly of carbon dioxide.  
 
Even if we stopped emitting greenhouse gases today, there are still years of “momentum” in the system, 
as the existing measure of greenhouse gases in the atmosphere will continue to warm and acidify the 
ocean. As nations around the world work collectively toward reducing greenhouse gas emissions, there 
are also steps we can take to reduce the stress on marine ecosystems and the human communities they 
support.  
 

                                                           
9 http://goosocean.org/index.php?option=com_content&view=article&id=14&Itemid=114  

http://goosocean.org/index.php?option=com_content&view=article&id=14&Itemid=114
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First, we must take steps to decrease other ocean stressors. Studies show that multiple layered 
stressors on ocean ecosystems have a greater chance of acting synergistically than of counteracting each 
other (Harley et al. 2006). As a result, reducing overall stress on ocean life requires reducing ocean 
stressors. This should include combatting oxygen loss, nitrogen pollution, sedimentation, disease, and 
other types of chemical pollution (Kelly & Caldwell, 2013). Marine resource management has sought to 
reduce these problems as part of general water quality improvement for decades, with progressive 
success in doing so (Côté et al. 2017), but the need is even more pressing in the face of climate change. 
Preventing the expansion of offshore oil and gas activities, especially in sensitive or remote places where 
the risks of these activities far outweigh any potential benefits, is also an important way to decrease 
additional ocean stressors. Decreasing marine pollution and other stressors to ecosystems is a “no-
regrets” policy approach because of the multiple benefits that accrue—both the immediate value of 
reducing single stressors, and decreasing the likely value of reducing synergistic effects of multiple 
stressors acting together (Côté et al. 2017).  
 
Second, we need to support community adaptation planning. To date, ocean climate change has driven 
piecemeal adaptation. As more adaptation efforts begin, there is an increasing risk that overlapping, 
uncoordinated efforts could be at best inefficient and at worst counterproductive. Around the world, 
nations are currently planning both mitigation and adaptation actions to address climate change, but 
little guidance exists to ensure coordination and inclusion of the ocean in these activities. A similar 
situation exists within the U.S., where state and local governments nationwide are at widely different 
stages and levels of coordination in adopting ocean-smart climate policies. 
 
Resources and support for long-term resilience and adaptation planning are desperately needed. At a 
minimum, this should include support for regional ocean planning through tools that support 
coordinated data and management like regional ocean data portals. Comprehensive planning 
approaches underpin community and ecosystem resilience and ecosystem-based management. States 
and regional ocean partnerships across the country have found value in comprehensive planning, and 
resources should support the priorities outlined by states. Regional ocean planning should also include 
support for policies and programs, particularly those within NOAA, that support ocean and coastal 
resilience. This includes priorities such as ocean acidification monitoring and funding, ocean and coastal 
habitat and coral reef restoration, and fisheries management adaptation. In addition, there is a 
particular need to increase resilience and adaptation planning in the Arctic. Funding and support is 
needed for communities that must relocate, and there are opportunities to plan for coming changes and 
ensure that Alaskan communities, ecosystems, and economies will be resilient in a changing future. 

 
5. Conclusion  
 
Our ocean and its resources are facing unprecedented challenges. The state of ocean change science 
indicates that ocean acidification, warming, and deoxygenation are having large effects on marine 
ecosystems. As detailed by the 4th National Climate Assessment, these changes are rippling through the 
human-ocean connection, and there are knowledge and research gaps that can be addressed to better 
help our nation respond to large-scale ocean changes.  
 
I believe there is an opportunity to continue American leadership on ocean science and technology, 
combining that history of excellence with a forward-looking vision to steward the main resource that 
makes life on Earth possible: our ocean. Thank you for the opportunity to provide this testimony. 
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Figures 

Figure 1:  The dissolved carbon dioxide concentration of surface ocean water (blue) is rising at the same pace as the atmospheric carbon dioxide 

concentration (red). This is decreasing the pH (black) and the carbonate ion concentration (green) of surface seawater. These data are from the 

Hawai’I Ocean Time Series Program in the North Pacific Ocean from 1988-2015. (Figure 13.4, CCSR) 
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Figure 2: We have high certainty that atmospheric carbon dioxide levels drive ocean acidification, moderate certainty about how it will change 

organisms and ecosystems, and the lowest certainty about the best policy options for action. (Excerpted from Figure OA-1, IPCC AR5 WG II) 
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Figure 3: Coastal waters become acidified through a combination of atmospheric CO2, point and nonpoint sources of pollution and runoff, as 

well as river input and upwelling (Figure from(Kelly et al. 2011).  
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Figure 4: Recent marine heat waves. In 2012 a North Atlantic heat wave was concentrated in the Gulf of Maine; however, shorter periods with 

very warm temperatures extended from Cape Hatteras to Iceland during the summer of 2012. American lobster and longfin squid and their 

associated fisheries were impacted by the event. The North Pacific event began in 2014 and extended into shore in 2015 and into the Gulf of 

Alaska in 2016,leading to a large bloom of toxic algae that impacted the Dungeness crab fishery and contributed directly and indirectly to deaths 

of sea lions and humpback whales. U.S. coral reefs that experienced moderate to severe bleaching during the 2015–2016 global mass bleaching 

event are indicated by coral icons (NCA4 chap. 9)

 


