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Research and Information Needs

1. Understand the causes and dynamics  
of ocean stressors. 

The causes and dynamics of ocean stressors 
must be better understood to predict, pre-
vent, quickly respond to, and reduce or elim-
inate impacts to ecosystems, human health, 
and coastal community vitality. Research on 
ocean stressors must be conducted in the con-
text of current and predicted changing ocean 
and atmospheric processes, including climate 
change. Specific research needs include de-
velopment and evaluation of AIS prevention 
mechanisms such as ballast water and vessel 
hull treatment methods; identification of addi-
tional pathways by which AIS are transported; 
and understanding of AIS life histories, com-
munity ecology, and factors that enhance or 

restrict spread. 
Understanding the 
fundamental bio-
logical, chemical, 
and physical pro-
cesses underlying 
HABs will require 
research on HAB 
genetics, physiol-
ogy, ecology, and 
community and 
ecosystem dynam-
ics, including the 
influence of ocean-
ography, environ-
mental genomics, 
and human activi-
ties on the forma-
tion, frequency, and 
severity of HABs. 
Understanding 
the occurrence 
of hypoxic events 
will require coor-
dinated investiga-
tion of physical 
processes such as 
stratification and 

upwelling, biological processes such as primary 
productivity and benthic respiration, and link-
ages between different locations (for example, 
between Hood Canal and the Washington 
coast and between the Washington, Oregon, 
and California coasts). Critical to all of these 

research needs are regionally coordinated, 
well-supported, high-frequency, site-specific 
networks of monitoring platforms, remote or 
in situ, with relevant technologies to measure 
complementary variables, including currently 
less well-developed biological indicators such 
as cells and toxins.

2. Assess risks and the ecological, social, 
and economic effects of ocean stressors. 

Risk assessments are required to iden-
tify the vulnerability in time and space of 
ecosystems, including natural and human 
components, to ocean stressors such as AIS 
invasions, HABs and toxin loads, and hy-
poxic conditions. Research is also needed 
to accurately quantify and model the local 
and regional ecological, economic, and so-
cial consequences of AIS, HABs, hypoxia, 
and other ocean stressors on coastal com-
munities. Specific research areas include un-
derstanding the functional role of AIS and 
resulting changes in native invaded com-
munities; the uptake, metabolism, and acute 
and chronic effects of biotoxin exposure on 
different organisms in the marine food web, 
including humans; and the acute and chronic 
effects of hypoxia on marine organisms and 
coastal ecosystems. For all three stressors, 
economic, public health, and social effects 
are poorly understood. There is often a lack 
of local information available during inva-
sion, bloom, or hypoxic events; the economic 
effects of ecological damage are difficult to 
document; and hidden costs or benefits re-
lated to secondary industries such as tourism 
and human health remain unknown.

3. Improve predictive, early detection, and 
rapid response capabilities. 

Building on advances in understanding 
the causes and dynamics of ocean stressors, 
the development of predictive capabilities is 
critical to preparing for adverse events and 
taking proactive management action, such 
as selective closures of fisheries or beaches 
or early harvest prior to harmful events. 
Development of tools and technologies for 
early detection of and rapid response to 
aquatic invaders, HABs, hypoxic events, and 
other ocean stressors is needed for under-
standing and managing their ecological and 
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Ocean Health  
and Stressors
continued 

A researcher returns to a location 
where invasive spartina (cordgrass) 
was removed to assess the effec-
tiveness of her efforts. Spartina, 
a particularly aggressive invader, 
threatens productive estuaries 
throughout the region.
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economic impacts and reducing risk associ-
ated with the effects of ocean stressors. Early 
detection and rapid response increase the 
likelihood of addressing aquatic species inva-
sions while populations are localized and can 
be contained and eradicated. Development 
of early-warning and -response systems 
for HABs and biotoxins in coastal waters 
and seafood, including rapid field tests for 
water, animal tissues, and human illnesses, 
is crucial for protecting human health. In 
addition, there is a significant need for the 
continued and accelerated transfer of tech-
nology from the HAB research community 
to those responsible for safeguarding coastal 
resources, public health, and local econo-
mies. For both AIS and HABs, there is an 
unmet demand for taxonomists to identify 
invasive and algal species using classical, 
more recent, and emerging techniques, as 
well as reference databases for identification 
of invasive species, algae, and toxins. Early 
detection of the spatial and temporal extent 
of hypoxic events will facilitate response and 
mitigation efforts. The same coordinated 
monitoring network needed to understand 
stressor dynamics is critical for predictive 
and early warning capabilities.

4. Develop and evaluate approaches to  
control and manage ocean stressors. 

Research and development of control and 
management approaches are much more ad-
vanced for AIS; however, continued research 
is necessary to develop and evaluate control 
and eradication methods in light of climate 
change and variability and the ever-changing 
suite of invading species. For HABs and 
hypoxia, there has been limited or no invest-
ment on the West Coast to develop physical, 
chemical, or biological intervention strate-
gies to eliminate or reduce effects, and it is 
uncertain whether these approaches are vi-
able for these stressors in particular. Ideally, 
investments in advancing preventive ap-
proaches would minimize the need for con-
trol and management strategies.

Because of the critical need for widespread 
monitoring, some ocean stressor issues lend 
themselves to the use of citizen-science and 
volunteer programs. For example, a coordi-
nated, coastwide citizen-science network with 

specialized training to detect high-risk inva-
sive species or HAB biotoxins could contrib-
ute substantially to early detection and rapid 
response to AIS and HABs. Models for this 
exist on local scales, with the Olympic Region 
Harmful Algal Bloom Partnership (known 
as ORHAB) and SoundToxins; diverse part-
nerships of industry, state, federal, and tribal 

agencies; and coastal communities that moni-
tor HAB events to minimize human health 
risks and economic losses on the Washington 
outer coast and in Puget Sound, respectively. 
Where humans may directly stress the ocean 
environment (for example, acting as vectors 
of AIS and increasing nutrient input to the 
marine environment), linking research results 
to policy, sociology, and outreach is important 
for effective prevention and mitigation. 

There is also a significant demand for co-
ordination, collaboration, and partnerships 
in research, monitoring, response, outreach, 
and education among the complicated array 
of scientists, managers, agencies, and legis-
latures operating at national, tribal, regional, 
state, and local levels. 
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A NOAA scientist pulls up a net 
towed to collect phytoplankton, 
as part of the Marine Biotoxins 
Program to detect toxic algae. 
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APhysical Ocean  
Processes, Related 
Climate Change,  
and Physical Coastal  
Hazards
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A dynamic coastal ocean environment char-
acterizes the West Coast of the continental 
United States. Conditions range from high-
energy beaches swept by cold water in the 
north, to calm seas, many nearshore islands, 
and warmer waters in the south. A distinct 
seasonal component is prevalent in the near-
shore ocean, with coastal upwelling in the 
late winter and spring followed by periods of 
relaxation and less intense upwelling in the 
summer and fall. Although in general the 
region is characterized by the equatorward-
flowing California Current, there are several 
variations on this physical theme that create 
a rich diversity of marine environments and 
biological communities. The result is a wide 
range of ocean conditions in the nearshore 
zones of the U.S. between the borders of 
Canada and Mexico.

Observations of the coastal ocean along 
the West Coast of the U.S. have been con-
ducted for more than 100 years. Originally 
little more than occasional forays into the 
coastal waters, ocean observing underwent 
dramatic transformation in the 20th century 
with the development of larger research ves-
sels and increasingly frequent surveys. The 
California Cooperative Oceanic Fisheries 
Investigation (CalCOFI) program, for in-

stance, commenced more than 50 years 
ago and is now conducted four times each 
year in the waters off Southern and Central 
California. It has been followed by other 
programs, including the regional associations 
of the Integrated Ocean Observing Systems, 
the Partnership for Interdisciplinary Studies 
of Coastal Oceans (PISCO), and the 
Cooperative Research and Assessment of 
Nearshore Ecosystems (CRANE) program. 
More recently, the deployment of in situ sen-
sors has ushered in a new era of coastal ocean 
observations. Buoys, satellite observations, 
and shore-based remote-sensing permit 
scientists to gather information on a much 
finer timescale than they can from ships. 
Over the past decade, the ocean observing 
network has grown from a paper concept to 
early development. The net result is a rapidly 
increasing body of knowledge regarding the 
coastal ocean and its physical, chemical, and 
biological properties. All indications are that 
the pace of discovery is bound to increase as 
ever-more-sophisticated devices are deployed 
at decreasing costs.

Despite recent gains in knowledge from 
new observation tools and methods, many 
questions remain about the ocean and its 
physical processes. Among the most rapidly 
emerging issues related to physical ocean pro-
cesses are those pertaining to climate change. 
Only a few years ago, impacts of climate 
change on the oceans seemed slated for the 
long term, whereas today we realize these 
changes are arriving much more rapidly than 
expected. Changes to the earth’s climate will 
generate a suite of impacts including sea-level 
rise, changing current patterns, shifts in time 
and space of water temperatures and other 
offshore water properties, shifts in upwelling/
downwelling patterns, and increases in storm-
iness and ocean acidification. 

Ocean acidification, perhaps the least-
understood impact of climate change, was 
coined as a term in 2003 to refer to the on-
going decrease in pH (or increase in acid-
ity) of the oceans caused by the uptake of 
atmospheric carbon dioxide. Recent findings 
show that water brought to the surface by up-
welling in Northern California is relatively 
acidic, demonstrating that this impact of 
climate change has also now arrived in the 

Researchers prepare to tow an 
instrument that will measure tem-
perature, salinity and fluorescence 
in the water column. Such physi-
cal properties are key to under-
standing the ocean.
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coastal ocean, and there is increasing concern 
this may be occurring in oceanic deepwa-
ter as well. Evidence of significant changes 
in the marine environment related to ocean 
acidification is mounting. Most alarmingly, 
organisms such as corals, marine plankton, 
shellfish, and sea urchins that rely on avail-
able calcium carbonate (CaCO3) or aragonite 
(a chemical relative of CaCO3) to construct 
their shells or skeletal materials in sea water 
may be unable to create or maintain their 
skeletal structures. On the West Coast, this 
represents a significant potential threat to a 
shellfish industry worth over $110 million. 
The commercially important salmon, herring, 
cod, and pollock fisheries could also be at risk, 
given that their major food sources are shell- 
and skeleton-building organisms.  

Tightly interwoven with physical ocean 
processes in the coastal ocean and climate 
change impacts are coastal ocean hazards. 
Coastal tribes intentionally situated them-
selves at the mouths of salmon-rich rivers, 
and communities of settlers established at 
the interface between land and sea to take 
advantage of rich resources and seagoing 

transportation. Today, the appeal of living at 
the ocean’s edge continues to draw people to 
the coasts, yet the lifestyle comes with risks. 
The Pacific Coast of the U.S. contains its 
fair share of coastal hazards that remain only 
modestly understood at best. Among these 
are hazards due to tectonic activity such as 
tsunamis, landslides, mudslides, and volcanic 
activity. Coastal inundation caused by tsu-
namis is a risk to coastal residents living in 
low-lying areas, and as such is a topic of ac-
tive research. Other coastal hazards include 
storminess and extreme weather events, large 
waves, storm surges, coastal flooding, rip 
currents, sediment movement and erosion, 
bluff slumping and failure, and ocean struc-
ture failures. While some hazards such as 
structure failures are rapid and catastrophic, 
other hazards such as sediment erosion 
are slower moving yet equally dangerous. 
Finally, in Southern California and other 
dry regions adjacent to the coast, there is the 
hazard of wildfires trapping coastal residents 
between fire and the sea.

Stakeholder Comments

“We need information and research on how 
oceans will change as a result of climate 
change. This includes circulation patterns, 
acidification, and ocean physical environ-
ment (waves, storms, etc.). We also need 
research that links these changes to poten-
tial impacts to resources such as fish and 
shellfish communities.” 
—Ocean Shores, Wash., workshop, Oct. 12, 
2007

 “A wide variety of coastal research problems 
need quality information concerning wave 
statistics. Since the network of buoy mea-
surements is relatively sparse a regional wave 
modeling program could be hugely benefi-
cial. Quality models exist, but are…applied 
on a project-to-project basis. Research on 
this theme would entail the development of 
a nested suite of wave models that could be 
applied and tailored for many issues.”  
—Depoe Bay, Ore., workshop, May 5, 2007

 “What is the ocean’s response to global 
warming and regime shifts?”  
—Santa Barbara, Calif., workshop, Nov. 14, 
2007

Physical Ocean  
Processes, Related  
Climate Change,  
and Physical Coastal  
Hazards continued 
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Left: This plot shows direction 
and intensity of ocean wind. 
Wind is one of many physical 
properties studied to better  
understand climate change and 
coastal hazards.  
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Cape Mendocino

Point 
Conception
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Coastal stakeholders understand their de-
pendence on a healthy coastal environment, 
and many are keenly aware that even small 
changes in ocean conditions can have a pro-
found impact on their lives. As such, stake-
holders viewed a better understanding of 
physical ocean conditions and coastal physi-
cal ocean processes as a key component of 
West Coast research and information needs. 

Many stakeholders also viewed the issue of 
climate change as fitting closely with physical 
ocean processes, and saw climate change as 
having large-scale and substantial impact on 
oceanographic processes off their shorelines. 
Comments reflected a high level of interest in 
these topics. As climate changes impact the 
ocean, especially in the coastal environment, 
respondents viewed the impacts to the physi-
cal and biological processes in the ocean with 
concern. Likewise, concerns were raised about 
how the changes in the ocean from warmer 
conditions, changing wind patterns, or shift-
ing rainfall regimes might affect the ocean 
and marine organisms.

More than 300 comments spoke to issues 
related to physical ocean processes: near-
shore water circulation, shoreline stability 
and erosion, coastal hazards, ocean acidifica-
tion, and human impacts on those processes. 
These interests and concerns were consistent 
throughout the region. Meanwhile, com-

ments from the north coast demonstrated in-
terest in storms and other coastal hazards; in 
the south, there were more comments about 
beach and bluff stabilization, coastal devel-
opment, and physical-biological coupling.

WCGA Action Plan Link:

Action 3.2—Support inte-
grated ecosystem assess-
ments, including biological, physical, social, 
and economic factors

Action 6.2—Support long-term maintenance 
of ocean observing systems and monitoring 
assets

Action 7.4—Develop regional sediment 
management plans

Research and Information Needs

1. Estimate how ocean circulation is chang-
ing now and how it will change in the future. 

Regional-scale ocean circulation such 
as the California Current system, as well 
as smaller-scale coastal circulation such as 
alongshore transport and coastal upwelling, 
are inextricably linked to the health of eco-
systems and the natural resources in West 
Coast waters. These circulation patterns will 
be altered by climate change and climate 
cycles such as the ENSO and the PDO. 
Existing long-term data sets and improved 
models must be used to determine changes 
over time, place future observation values in 
historical context, and predict future altera-
tion of ocean and coastal circulation.

2. Develop a deeper understanding of how 
physical ocean conditions relate to ecological 
conditions now and how they will interact in 
the future.

Expanded monitoring, improved models, 
and a better understanding of changes in ocean 
circulation and climate phenomena must be 
coupled with ecological information to predict 
ecosystem conditions based in part on physical 
and chemical changes in the ocean environ-
ment. Forecasting can improve the ability of 
resource managers to identify emerging threats 
and respond proactively.
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Physical Ocean  
Processes, Related  
Climate Change,  
and Physical Coastal  
Hazards continued 
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Severe erosion threatens the 
safety of coastal residents.  
A better understanding of wave 
action and storm events can  
reduce risks and improve coastal 
development planning.         
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3. Establish a better understanding of the 
movement of sediment along the coast and 
the relationship to bluff stability, slumping, 
and collapse.

Movement of sediment and sand along 
the coast has been a topic of substantial 
interest to many communities along the 
West Coast. Despite this level of interest, 
knowledge about sources and sinks of sedi-
ments and sand does not provide sufficient 
information about how to manage these vital 
resources. There is a need to understand the 
sources and movement of sand and sediment 
along the coast and in adjacent watersheds. 
Likewise, the stability of bluffs and their 
potential for slumping and collapse are not 
fully understood. There is a corresponding 
need to understand the contribution of bluff 
slumping to sand on beaches and the factors 
that cause bluffs to catastrophically collapse.

4. Decipher the drivers of ocean acidifica-
tion and estimate how acidification impacts 
marine organisms and ecosystems. 

Monitoring, modeling, and experimenta-
tion are needed to understand the mecha-
nisms that create ocean acidification as well 
as the impacts on marine organisms. Ocean 
acidification monitoring needs to be included 
in the existing observing network, and ex-
panded observing operations are needed to 
provide a baseline dataset for ocean acidifica-
tion and to enhance the detection of shifts. 

Data from new and existing autonomous 
buoys and research cruises, along with coin-
cident sampling of acidification parameters 
and dissolved oxygen, are needed to improve 
understanding of the relationship between 
acidification and hypoxia. Models must be 
used to understand future pH and carbonate 
availability as a function of changes in fac-
tors such as atmospheric carbon dioxide con-
centrations, temperature and its effects on 
ocean circulation and mixing, and chemical 
interactions with sediments.

5. Determine the primary drivers of envi-
ronmental changes and hazards and how to 
better predict coastal hazards in relation to 
environmental changes.

Long-term ocean and atmosphere moni-
toring and modeling efforts should be ex-
panded to provide the information needed to 
better understand natural and anthropogenic 
changes in the coastal ocean environment. 
This information will help determine the 
shifts in risk from coastal hazards such as 
storm surge, sea-level rise, coastal erosion, 
and tsunamis. In addition, these observa-
tions can be used to improve natural-hazard 
and environmental-change forecasting using 
models. The necessary level of monitoring 
will require expanded and improved instru-
mentation for ocean observing and expanded 
modeling capacity to put these observations 
to use.

Scientists use dye to observe  
how ocean water moves, to better 
understand ocean currents.

Physical Ocean  
Processes, Related  
Climate Change,  
and Physical Coastal  
Hazards continued 
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TResilience and  
Adaptability to  
Hazards and  
Climate Change
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The West Coast states are exposed and vul-
nerable to coastal natural hazards related to 
both episodic catastrophes—earthquakes, 
tsunamis, storms, and sudden landslides 
—and chronic effects wrought by climate 
change. In December 2007, a Pacific storm 
hit Oregon and Washington, causing cata-
strophic damage including the destruction 
of 200 homes, sustained power outages for 
138,500 homes, and the loss of 13 lives.4 A 
recent study from UC Berkeley estimates 
that, in California, the direct cost of climate 
change-related damage could reach tens of 
billions of dollars per year, with even higher 
indirect costs, exposing trillions of dol-
lars of assets to collateral risk.5 While many 
coastal hazards and effects of climate change 
are beyond our ability to prevent, compre-
hensive planning and preparedness can re-
duce societal and ecological harm. Reduced 
vulnerability and risks, as well as increased 
capability to respond to and recover from 
impacts of change, depend on our abil-

ity to understand how social and ecological 
systems work, what makes them robust or 
healthy, and how adaptable our institutions 
are with regard to predicted changes.

Resilience is the capacity of a system to 
tolerate disturbance without transition-
ing into a qualitatively different state that 
is controlled by a different set of processes. 
A resilient social or ecological system has 
adaptive capacity, meaning it can withstand 
perturbations and restabilize without los-
ing its identity, structure, and key functions. 
Resilience of social and ecological systems 
has been studied for decades, and the re-
search associates resilience with diversity, 
adaptability, connectivity, and functional 
redundancy, all of which increase the variety 
of possible responses to change. When sys-
tems become less complex, they become less 
resilient. Coastal community resilience is 
accordingly associated with the presence of a 
robust community infrastructure to support 
a variety of institutions that collaboratively 
plan for and adaptively respond to change. 
Similarly, ecosystem resilience is associated 
with diversity of species, habitats, and re-
dundancy of ecological functions.

Current work on resilience focuses on 
understanding changing systems—both 
knowing their current status and being able 
to predict changes. Additional work investi-
gates the concepts of robustness (identifying 
the strength of a system when subjected to 
change) and adaptability of human com-
munities to change. Recently, resilience 
has been cited as underpinning the goals 
of ecosystem-based approaches to manage-
ment, including maintenance of ecosystem 
services. Resilience research has attracted 
global attention, resulting in the formation 
of a multidisciplinary research group called 
Resilience Alliance. At the national level, 
the Ocean Research Priorities Plan high-
lighted the need to increase coastal commu-
nity resilience to hazards and recommended 
research to improve forecasts of natural 
hazards, assess vulnerability, and develop 
strategies to cope with natural hazards. On 
the West Coast, all three states have identi-
fied resilience to natural hazards and dis-
ruptive change as a priority. A number of 
West Coast social and natural scientists are 

Firefighters rescue residents and 
their pets in western Washington 
after the December 2007 storm 
that devastated Pacific Northwest 
coastal areas.

4 Data from FEMA daily situation reports, December 
3-23, 2007. www.fema.gov/emergency/reports/2007  

5 California Climate Risk and Response, November 2008. 
David Roland-Holst and Fredric H Kahrl, UC Berkeley.
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studying resilience, and are working toward 
using a resilience framework to assist coastal 
communities and coastal resource manag-
ers in identifying and incorporating adap-
tive elements into management programs 
that will enable these systems to rebound 
from disturbance. For example, in the Pacific 
Northwest, social and natural scientists are 
using the framework of resilience to study 
commercially and culturally important 
salmon populations, and in California, work 
is being done to understand the resilience of 
urban coastal infrastructure.

Although our understanding of resilience 
has grown, gaps in our knowledge and abil-
ity to incorporate resilience into managing 
social and ecological systems are still sig-

nificant. It is clear, however, that resilience 
research and information needs should be 
addressed as an interdisciplinary endeavor 
that recognizes the uniqueness of social and 
ecological systems and empowers communi-
ties of all sizes to enhance their own resil-
ience. Social and ecological scientists have 
much to learn from each other; while they 
may focus their resilience work exclusively on 
ecosystems or on social or economic systems, 
they must keep in mind that these systems 
are coupled. Resilience studies around the 
world offer knowledge that can be applied 
throughout the West Coast region; however, 
credence should be given to the unique so-
cial, economic, and natural context of each 
system. Locally specific programs will be 

Oceanographers and engineers 
use wave-generation machines and 
coastal community models to study 
powerful wave phenomena such as 
tsunamis.

Stakeholder Comments

“Land use, transportation infrastructure, economic development, and resource protection 
decisions that get made now can be affected by and affect adjustments society makes to  
climate change... Land use planners, county planning, economic developers, highway plan-
ners and others need to be made aware of how their decisions will be impacted by or will 
affect adaptation to climate change.” 
—Depoe Bay, Ore., workshop, May 5, 2007

 “Develop coastal hazards and sea level rise response strategies and priorities for  
the states coast and shoreline and factor these into any new proposals for coastal  
development.” 
—Oakland, Calif., Web survey response

“Change is certain in coastal ecosystems. Research ways for coastal economies to be more 
adaptable to the inevitable change to our coastal ecosystems.” 
—Ocean Shores, Wash., workshop, Oct. 12, 2007

Resilience and  
Adaptability to  
Hazards and  
Climate Change 
continued

T O P I C  8



50 West Coast Regional Marine Research and Information Needs  

W
ES

T 
CO

AS

T G
OVERNORS’ AGREEM

EN
T

ON OCEAN HEALT

H

the most effective in providing the informa-
tion communities need to build resilience; 
this is especially true in locations where 
catastrophic events may leave communities 
without access to outside resources. In these 
cases, capacity to respond autonomously is 
critical. Planning for resilience depends on 
the availability of information about the fu-
ture and on a capability to incorporate un-
certainty into planning. Results of research 
on resilience must be made available in the 
form of materials to guide institutions in 
overcoming barriers.

Stakeholders repeatedly expressed a need 
to understand and improve social and eco-
logical resilience in the context of a shift-
ing climate, changes in sea level, and such 
unpredictable catastrophic events as earth-
quakes and tsunamis. More than 300 in-
dividual stakeholder comments suggested 
practical research and information needs 
related to
•	 developing best practices for risk assess-

ment and planning;
•	 increasing institutional capacity to respond 

and adapt to change;
•	 understanding more about how people 

perceive and respond to risk; and
•	 understanding the human connection and 

our dependence on healthy ecosystems.
Taken together, these concerns and sug-

gestions reinforce the need for research and 
information on the resilience and adaptabil-
ity of social and ecological systems to coastal 
hazards and change. 

WCGA Action Plan Link:

Overarching Action 2—Facing the effects  
of climate change

Action 6.3—Complete a seafloor map for 
the entire West Coast

Action 7.1—Support local planning efforts 
for sustainable communities 

Action 7.3—Assess the health and eco-
nomic vitality of coastal communities

Research and Information Needs

1. Assess the vulnerability of our social and 
ecological systems to coastal natural hazards. 

Predictive indicators of the function and 
health of social and ecological systems need 
to be identified and used to effectively study 
long-term cumulative impacts of coastal 
hazards and climate change and measure 
the vulnerability of coastal communities 
and ecosystems. An integrated natural- and 
social-science approach is needed to identify 
the attributes of populations, ecosystems, 
and natural and human communities that 
promote resilience. In addition, fine-scale 
baseline data, combined with forecasting, 
models, and simulations, are needed for risk 
assessments. Understanding the fundamental 
attributes that account for resilience and an 
improved ability to predict changes and risk 
will pave the way for a better understand-
ing of the thresholds, beyond which function 
and health are compromised and social and 
ecological systems can no longer absorb the 
impacts of change. These studies should also 
take into account how human alterations to 
natural habitats may ameliorate or exacerbate 
hazards and the effects of climate change. 
Such research should lead to the creation of 
practical tools to improve coastal community 
capacity to prepare for, respond to, and re-
cover from the impacts of hazards and climate 
change. Communities empowered with the 
knowledge and tools to assess their own level 
of resilience and to respond locally are more 
likely to achieve stability and preserve key 
functions of social and ecological systems.

2. Identify how coastal hazards and climate 
change will impact social and ecological sys-
tems, and which mitigation, adaptation, and 
response strategies will be successful.

Coastal hazards and the effects of climate 
change will have many expected and un-
expected impacts on communities, econo-
mies, and coastal infrastructure related to 
storm damage, inundation from sea-level 
rise, tsunamis, and alteration of fisheries 
stocks, among many others. Research into 
the most effective tools and technologies to 
reduce these impacts will help to improve 
land-use planning and best-management 
practices. Research into the range of ac-

Resilience and  
Adaptability to  
Hazards and  
Climate Change 
continued
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tivities to mitigate those drivers of hazards 
and climate change within our capacity to 
change will be necessary to enable coastal 
communities to prepare for long-term re-
silience. Adaptability is a key element of 
resilience, and exploration of effective and 
creative incentives and strategies can assist 
regional, tribal, state, and local institutions 
in adapting to hazards. For example, in some 
locations it may be appropriate to relocate 
emergency care and first-responder facilities 
away from tsunami inundation zones, while 
remaining close enough to effectively serve 
at-risk communities.

3. Assess human, governmental, and insti-
tutional understanding of risks and motiva-
tions necessary for reduction of risk behavior.

A community’s ability to respond to haz-
ards and other changes depends, in part, on 
how humans perceive and respond to risks. 
Research is needed to understand the fac-
tors that support or prevent resilient behav-
ior. Grassroots-level outreach and education 
are needed to foster resilient behaviors and 
support local champions of resilience who 
can make a significant impact in their com-
munities. Mapping of institutions, includ-
ing information about their relative roles 
and capacity to prepare for and respond to 
change, should also be done to identify gaps 

in regional and local planning and response 
systems. Institutions currently responsible 
for management (tribal governments, federal 
agencies, state agencies, and local govern-
ment) as well as novel ones (civic groups, 
churches, nongovernmental organizations, 
etc.) must be taken into account when iden-
tifying capacity to plan for and respond 
to hazards and change—a task that may 
include expanding or altering infrastruc-
ture and institutions. It is also important to 
learn from successes and failures of insti-
tutional approaches and to examine policy 
actions that have played a role in improving 

resilience of social and ecological systems. 
Additional research and information needs 
related to coastal management institutions, 
policies, and governance can be found in 
Topic 2: Ocean and Coastal Governance and 
Management of Multiple Uses.

Significant progress toward resilient social 
and ecological systems will require interdis-
ciplinary, collaborative efforts to improve 
economy of scale and increase the ability of 
communities and institutions to learn from 
each other. The West Coast would benefit 
from an interdisciplinary, resilience-focused 
entity responsible for conducting research, 
training, and capacity-building to overcome 
the barriers to resilience.

Understanding the resilience of 
animals, such as these Pacific 
salmon, may serve as a model for 
understanding broader issues of 
ecosystems and economies.  

Resilience and  
Adaptability to  
Hazards and  
Climate Change 
continued
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A P P E N D I X  A

The four West Coast Sea Grant programs 
have worked together since late 2006 not 
only to engage a wide range of stakehold-
ers, but also to learn from the vast body of 
knowledge that stakeholders shared with 
us and to incorporate it into this report in a 
meaningful way. This was accomplished by 
building flexibility into our process and con-
ducting an in-depth analysis of more than 
5,200 stakeholder comments.

Workshops

The Sea Grant regional process was based 
on extensive communication with stakehold-
ers throughout Washington, Oregon, and 
California. Sea Grant solicited comments 
from a wide range of interests, including 
government officials and scientists from 
local, state, tribal, and federal agencies; aca-
demic scientists from West Coast colleges 
and universities; interest groups; fishing 
communities; marine industries; recreational 
users; nongovernmental organizations; 
and other members of the public. Sixteen 
workshops, attended by more than 600 par-
ticipants, were held across the three states 
between May 2007 and January 2008.

The workshops were organized around the 
seven central themes listed below.
•	 The social and economic vitality of coastal 

communities
•	 Coastal natural hazards
•	 Oceans and human health
•	 Ecosystem health
•	 The ocean and climate variability
•	 Marine transportation and security
•	 Ocean education and environmental 

literacy

These themes are, by design, simi-
lar to the priorities outlined by the Joint 
Subcommittee on Ocean Science and 
Technology in the Ocean Research Priorities 
Plan, with the addition of ocean education 
and environmental literacy. In addition, they 
relate to the issues and actions identified in 
the WCGA Action Plan. We aligned our 
workshop themes with national and state re-
search priorities to ensure continuity among 

federal research prioritization efforts and 
funding schemes, state priorities, and the 
regional Sea Grant effort.

List of Workshops

Depoe Bay, Ore.	 May 2007
Charleston, Ore.	 August 2007
Astoria, Ore.	 August 2007
Orange County, Calif.	 September 2007
Ocean Shores, Wash.	 October 2007
Bellingham, Wash.	 October 2007
Union, Wash.	 October 2007 
Eureka, Calif.	 October 2007
Santa Barbara, Calif.	 November 2007
San Francisco, Calif.	 November 2007
Gold Beach, Ore.	 December 2007
Portland, Ore.	 December 2007
Seattle, Wash.	 December 2007
Olympia, Wash.	 December 2007
Corvallis, Ore.	 January 2008
Port Angeles, Wash. 	 January 2008

Participants in the regional workshops 
provided both written and oral input, 
using the themes as organizing principles. 
Workshops were designed to fit the specific 
needs and cultures of different regions along 
the West Coast. In all, 3,655 comments on 
research and information needs were gath-
ered from these workshops (another 238 
were received in writing or outside of the 
workshops, by personal contact).

Web-based Survey

In addition to the workshops, a Web-based 
survey was developed and made available 
through Sea Grant program Web sites from 
July 2007 through January 2008. The sur-
vey was designed in an open-ended format, 
which allowed respondents to list their own 
research or information needs in the same 
seven thematic areas as those of the pub-
lic workshops. More than 350 respondents 
contributed an additional 1,406 comments 
through this vehicle. 

 

Methods and  
Approach
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Analysis of Stakeholder Comments

The stakeholder engagement process, includ-
ing workshops and the Web-based survey, 
yielded 5,299 comments, most of which 
identified specific research and information 
needs (Table 1). Sea Grant used these com-
ments to aggregate the insights of stakehold-
ers by identifying common concerns across 
the region and threads of research and infor-
mation needs. The process involved entering 
each comment into a database and then con-
ducting a comprehensive analysis that
•	 identified in the comments more than 60 

distinct categories of research and infor-
mation needs;

•	 assigned each comment to a category; and
•	 organized the categories into the three 

foundational themes and eight research 
and information topics presented in this 
report.

Coordination with the West Coast Gover-
nors and Federal and Tribal Partners

An integral component of this Sea Grant 
process was close coordination with the state 
leads and federal partners from the West 
Coast Governors’ Agreement and with other 
federal partners. Whenever possible, rep-
resentatives of the hosting state and federal 
liaisons attended the regional workshops. 
In several cases, state representatives pre-
sented at the workshops, highlighting the 
integration of complementary efforts and the 
expectation that this Sea Grant report will 
inform state and regional research prioritiza-
tion and planning. State support for this Sea 
Grant West Coast Regional Research and 
Information planning process is highlighted 
in Action 6.1 of the WCGA Action Plan, 
which states that the governors will develop 
a research agenda in partnership with Sea 
Grant and will seek federal support to fill 
major marine research needs identified in 
this report.

A federal working group was created to 
help coordinate the federal involvement with 
the states in developing the West Coast 
Governors’ Action Plan. The federal group’s 
role is to partner with the states in determin-

ing how federal agencies can better respond 
and organize to help states with regional 
ocean governance. The federal group has 
been engaged in this Sea Grant regional 
process through its support of the priority 
actions defined in the WCGA Action Plan. 
NOAA and the other federal agencies will 
consider the research and information needs 
identified by Sea Grant when determining 
what regionally significant research to con-
duct in support of the WCGA Action Plan.

Washington tribes also played a formal 
role as collaborators throughout the Sea 
Grant process. Tribal representatives helped 
determine Washington workshop strategies, 
attended workshops, and acted as invaluable 
liaisons to Washington tribal communities, 
providing access to their unique history, per-
spectives, knowledge, and needs.

Types of stakeholder comments of 5,299 total comments Number 

Specific research and information needs 3,661

General support for research within themes 402

Suggestions for educational programs, standards, and tools 611

Need for data management and accessibility 146

General comments on research planning, policy, or collaboration 479

Methods and  
Approach continued

Table 1.—Sixteen stakeholder workshops in 
Washington, Oregon, and California, plus 
a Web survey, yielded 5,299 comments from 
nearly 1,000 participants. Most comments 
identified specific research and information 
needs; however, many comments provided 
general support for more research within the 
seven central themes, expressed a need for 
education programs and improved data man-
agement and accessibility, provided feedback 
about regional planning, posed non-research 
suggestions to policy makers, or articulated the 
need for collaboration. The stakeholders’ com-
ments are available to the public via the Web 
at http://seagrant.oregonstate.edu/research/
RegionalPlanning.
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