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Introduction 
 

Climate change is likely to increase the physical threats to both human and 
ecological systems along the coast of Washington. The ultimate impacts of these 
climate change induced environmental stressors will depend on the 
susceptibility of the combined social-ecological system (shown within the dotted 
ellipse in Figure 1 below) to these stressors and its ability to respond to major 
events. The ability of a social-ecological system to handle and recover from 
these changes is determined by the exposure to stressors, the system’s sensitivity 
to those stressors, and the adaptive capacity of the system (Nicholls & 
Hoozemans, 2002; Klein, Nicholls, & Thomalla, 2003; McCarthy, Canziani, & 
Leary, 2001).  
 
 

 
 
Figure 1. Major climate change stressors and the coastal system. (from 
Source Nicholls et al. 2007 Figure 6.1 pg 318)  
 
 
Climate change impacts to the coastal zone will come in many forms and affect 
a variety of physical, ecological, and human systems. This paper will focus first 
on a description of the types of coastal impacts. It will start by outlining key 
changes to the physical system, followed by a description of the subsequent 

147

21st  International Conference of The Coastal Society



projected ecological changes. This will be followed by an analysis of the 
economic risks and implications, and an overview of social vulnerability as it 
relates to coastal climate change. The final section will highlight potential 
response opportunities.  
 
For this study, we selected five geographic regions that represent the diverse 
coastal geology of Washington State and vary in the amount of coastal 
modification and development.  The regions (Figure 2) are: the Skagit Delta, 
Seattle, Tacoma, Olympia, and Willapa Bay.  The use of aerial photography 
overlays allows for the visual identification of high risk areas.  Together these 
regions provide an overview of the many types of Washington shoreline that 
will be affected by climate change and SLR. 
 

 
Figure 2. Location of areas selected for sea level rise mapping.  From top to 
bottom they are: Skagit Delta, Seattle, Tacoma, Olympia, Willapa Bay.  
(Adapted from NSTATE LLC. www.netstate.com.) 

 
Key Physical Changes Expected 

 
Climate change will affect coastal systems in a variety of ways. Some of these 
changes will increase the impact of existing coastal hazards, while others will 
create new areas of risk. Sea level rise and erosion are the two main areas being 
examined. 
 

Sea Level Rise 
 
Local rates of sea level rise (SLR) depend on both global and local factors. The 
expected range of global SLR by 2100 is 7- 23 inches (IPCC 2007a). Locally, 
changes in atmospheric circulation patterns and coastal vertical land movements 
will affect the amount of relative SLR. Due to uncertainty, we will use a variety 
of SLR scenarios to depict the range of potential impacts; for decision-making 
and planning purposes, selection of the appropriate SLR scenario will depend on 
the location, time-frame, and risk tolerance of a specific project. 
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Inundation and flood plain maps have been created for the five areas in 
Washington illustrated in Figure 2. These five areas represent a cross-section of 
the Washington coastline, including large urban metropolises, small urban 
towns, and agricultural areas, both on the Outer Coast and inside Puget Sound. 
This information is being incorporated into social, ecological, and economic 
analysis for the Washington coast. 
 

Bluff and Spit Erosion 
 
Erosion is a natural and ongoing coastal process that plays a key role in shaping 
coastlines and nearshore habitat. Major episodes of erosion often occur during 
storm events, particularly when storms coincide with high tide. Rates of erosion 
will likely increase as sea levels rise. Climate change is also anticipated to 
intensify tropical and extra-tropical cyclones, create larger extreme waves, and 
higher storm surges (Nicholls et al. 2007). 
 
We are currently putting together a suite of case studies illustrating different 
erosion scenarios for both bluff and spit erosion prone areas. These case studies 
are designed to highlight the markers of vulnerability to increased erosion 
caused by climate change. As most bluff and spit areas are largely residential, 
these case studies will also address the number of homes at risk due to bluff and 
spit erosion. 
 

Key Ecological Effects Expected 
 
Climate change and SLR will have numerous adverse effects on habitat and the 
wildlife indigenous to Washington’s coasts.  Coastal habitats that will be 
affected by climate change include wetlands, estuaries, beaches, mudflats, and 
cordgrass.  SLR and climate change will shape the Washington coastal zone 
ecosystem “from both the bottom-up (via impacts on phytoplankton and other 
marine plants that comprise the base of the food web) and the top-down (via 
direct impacts on top predators such as salmon and marine mammals),” 
therefore resulting in the removal of support systems for many types of plants 
and animals (Climate Impacts Group 2005, 26). Some of the events that could 
occur are the decoupling of species and their food sources, a disruption of 
symbiotic or facilitative relationships among species, and a change in 
competition among species. As salinity levels increase, the zonation of 
vegetation and other biota change, thus disrupting essential ecological processes, 
which “will lead to a shift in species that are more salt tolerant” (Burkett et al. 
2005, p 359).  Some key species that will be focused on include organisms 
involved in primary production, shellfish and crabs, forage fish and groundfish, 
marine mammals, and birds.   
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Key Economic Impacts Expected 

 
The coastal economy of Washington State will likely be affected by increasing 
air and water temperatures, sea level rise (SLR), increased storm strength, 
episodic flooding, and erosion of bluffs and beaches. However, the task of 
assessing the economic consequences of climate change on the coasts is far 
more complex than simply projecting how climate change scenarios are likely to 
impact existing coastal economic activities and facilities. It requires adopting a 
conceptual framework for analyzing the public’s actions in response to 
forecasted changes wrought by climate change. Such a framework typically 
involves combined economic and ecological reasoning, built on both logical 
simplifying assumptions and available data. Further, the effects of rising sea 
levels on coastal lands will not always follow a predictable, smooth transition 
from the current state to a higher shoreline. Storm-generated flooding and 
erosion events (e.g. landslides on bluffs) will occur sporadically. The economic 
consequences of these changes will depend crucially upon the types of 
adaptations and policy directions taken by private and public parties in 
anticipation of the physical threats posed.  
 
We will briefly review our current understanding of how key economic sectors 
in the coastal areas of Washington State are likely to be affected by plausible 
climate change scenarios.  We have found few in-depth analyses of the 
economic consequences of climate change. The likely climate change hazards to 
coastal resources are grouped into four rough categories: public infrastructure, 
residential and commercial shoreline properties, agricultural areas, and fish and 
shellfish. We will adopt these categories in summarizing known or forecasted 
impacts of climate change.  
 

Key Social Effects Expected 
 

In addition to the physical, ecological, and economic concerns resulting from 
SLR, there are human-centric concerns. Human populations are intricately 
connected to the shoreline environment. The social effects are focused on who 
will be impacted, and if they have the capacity to recover from an event 
influenced by climate change. Just as physical vulnerability is distributed 
disproportionately – for example a house in an inland area is less physically 
vulnerable to the effects of SLR than a building located on a sandy shore – 
social groups may be disproportionately affected by the hazards of SLR. This 
situation arises due to differences in social groups’ ability to cope with and 
adapt to the physical hazards of sea level rise. Similarly, some social groups are 
more dependent on shoreline resources, such as shellfish, and these groups are 
therefore more vulnerable. As noted in the ecological section, shellfish 
populations are vulnerable to SLR through habitat changes. 
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Currently, an analysis of the social vulnerability, a measure of social groups’ 
ability to respond to global climate change, of the residents of the Washington 
coast is under way. An analysis of key infrastructure at risk due to climate 
change is also planned. We plan to perform a GIS analysis of changes in the 
future extent of shellfish aquaculture lands, taking into account the effects of 
global climate change. In addition, an analysis of the current market for shellfish 
aquaculture lands, future market changes due to climate change, and the effect 
of future policy actions is also underway. We also hope to provide a case study 
illustrating some of the difficulties the coastal tribes may face due to global 
climate change. This includes access to shellfish resources, flooding, and 
erosion. 
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