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1. Our Dramatic, Dynamic Coast          
 
With its rugged headlands, long sandy beaches, and rich estuaries, Tillamook County’s 
coast surely is one of the most scenic places we can imagine. It also is one of the most 
dynamic. 
 
Along the county’s sixty-one miles of shoreline, all is in motion. Wind builds and sculpts 
great dunes. Waves and tides conspire to create, remove, and then create again broad 
expanses of sandy beach. Ocean currents and winter storms batter the shore. Even the 
land itself is moving, as great tectonic plates beneath the sea meet the continent and 
slide beneath its western edge. 
 
Such dynamism challenges those who would live, 
work and visit here. Our efforts to settle on these 
coastal lands, build homes and businesses, and then 
serve them with roads, water and power are 
attempts to impose stability on a not-so-stable 
environment. The challenges of doing so are most 
apparent along the dune-backed and bluff-backed 
beaches that make up 90 percent of the county’s 
coastline. 
 
Most of these dunes and bluffs are receding – 
moving landward as the ocean attacks their base. 
Such coastal erosion brings landslides, ocean 
flooding and other events that damage property, 
injure people, and destroy resources. We describe 
these events as coastal hazards. We cannot stop 
them or control the natural forces that cause them. 
We can, however, plan for and adapt to coastal 
hazards and thereby reduce their impacts and costs.  
That’s what this document is all about. 
 
This is Tillamook County’s policy framework for 
adapting to the hazards of coastal erosion and ocean flooding – the framework plan, for 
short. You might also call it a risk-management, readiness, or preparedness plan. It is a 
document with three broad aims: 

 To identify the extent of and risk from erosion and related geologic hazards in coastal 
areas of Tillamook County; and  

 To develop policies, actions and programs that will lessen impacts and costs of coastal 
erosion hazards to the people, places and resources of this county; 

 To develop suitable measures for reducing our vulnerability to variable and uncertain 
climatic and geologic forces. 

“All of the measurements 
on the Oregon coast 
confirm that it has one of 
the highest wave-energy 
climates in the world.” 
 
“[T]he coastal zone is 
fundamentally different 
from inland areas because 
of its instability.” 
 
OSU Professor Paul D. Komar, 
in “Ocean Processes and 
Hazards along the Oregon 
Coast,” Oregon Geology, 
Volume 54, Number 1, 
January 1992. pp. 4,7. On-
line in PDF at  
http://www.oregongeology.o
rg/pubs/OG/OGv54n01.pdf 

http://www.oregongeology.org/pubs/OG/OGv54n01.pdf
http://www.oregongeology.org/pubs/OG/OGv54n01.pdf
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2. The Erosion Hazard Adaptation Plan 
 
2.1  The growing need for an adaptation plan 

Tillamook County already has a comprehensive plan and related land use ordinances as 
well as a County Hazard Mitigation Plan. Why, then, is it necessary now to develop an 
adaptation plan for dealing with coastal erosion hazards? There are several answers to 
that question. First, this plan is intended to implement policies related to natural 
hazards within the county’s comprehensive plan and hazard mitigation plan. It will 
provide better links between these documents to establish a sound local policy 
framework for addressing hazards related to a changing climate. It also is intended to 
open a dialogue about the threat from both short- and long-term coastal erosion. 
 
Second, the extent and rate of coastal erosion in many areas are increasing. Several key 
factors that contribute to erosion have been changing, and they are changing in a ways 
that increase the likelihood of coastal erosion, landslides and ocean flooding. For 
example, sea level has been rising steadily for 
several decades. Scientists expect that rise to 
continue and, most likely, accelerate. Winter storm 
wave heights in the region have increased 
dramatically over the past three decades. And the 
intensity, and perhaps frequency, of winter storms 
also is growing. Such changes require us to 
reconsider which lands may be vulnerable to 
coastal erosion hazards and to reevaluate risks 
from those hazards. 
 
The recent changes to our coastal environment are 
neither trivial, detectable only by sensitive 
laboratory instruments, nor so small that their 
effects will not be felt for decades. Quite the 
contrary: these changes already are having a 
significant impact on some communities. 
 
Residents of Neskowin, for example, observed in 
the late 1990s that their beach was eroding, 
making beachfront homes more vulnerable to ocean flooding. In some places, the beach 
had receded more than 150 feet in just a few years. Property owners responded by 
installing riprap (stone revetments) on the face of the foredune. Now, however, winter 
storm waves periodically wash over the top of the revetment in some places, damaging 
both the riprap and the property it is intended to protect. Neskowin responded in 2009 
by forming the Neskowin Coastal Hazards Committee to investigate ways to protect 
their beach and the adjoining properties. They continue to work with county officials to 
find solutions to the growing risk from coastal erosion. Many of the committee’s ideas 
and suggestions are reflected in this plan. 

“Adaptation: Actions by 
individuals or systems to 
avoid, withstand, or take 
advantage of current and 
projected climate changes 
and impacts. Adaptation 
decreases a system’s 
vulnerability, or increases its 
resilience to impacts.” 
 
Climate Change 101: 
Understanding and Responding 
to Global Climate Change, 
published by the Pew Center on 
Global Climate Change and the 
Pew Center on the States, 
January 2009, at 
http://www.pewclimate.org/doc
Uploads/Climate101-
Adaptation-Jan09.pdf 

 

http://www.pewclimate.org/docUploads/Climate101-Adaptation-Jan09.pdf
http://www.pewclimate.org/docUploads/Climate101-Adaptation-Jan09.pdf
http://www.pewclimate.org/docUploads/Climate101-Adaptation-Jan09.pdf
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A third reason for developing this adaptation plan is that the very lands most vulnerable 
to coastal hazards often are the most sought-after sites for development. New homes 
and businesses continue to be built along the coast. That not only increases the number 
of people and properties at risk from erosion 
hazards, but it also reduces natural protection 
in some cases. For example, “armoring the 
shore” with shoreline protective structures 
sometimes causes major erosion of a sandy 
beach. That diminishes the beach’s effective-
ness as a natural buffer against winter waves. 
 
Finally, key state and federal agencies such as 
Oregon’s Departments of Land Conservation 
and Development (DLCD) and Geology and 
Mineral Industries (DOGAMI) have recognized 
the growing threat from coastal hazards. They 
have increased their efforts to identify the 
location and extent of coastal erosion and flood 
hazards and have expanded programs to deal 
with them. Their work, however, depends on 
cooperation by affected local governments. 
Coastal cities and counties need to integrate 
state and federal programs for hazard planning 
into their local comprehensive plans. 
 

TThhee  mmaaiinn  oobbjjeeccttiivvee  ooff  tthhiiss  eerroossiioonn  

hhaazzaarrddss  aaddaappttaattiioonn  ppllaann  iiss  aa  mmoorree  

rreessiilliieenntt  ccoommmmuunniittyy  ––  aa  ccoommmmuunniittyy  mmaaddee  

lleessss  vvuullnneerraabbllee  ttoo  ccooaassttaall  eerroossiioonn  hhaazzaarrddss  

bbyy  bbeeiinngg  bbeetttteerr  pprreeppaarreedd  ffoorr  tthheemm..  
 

2.2  Origins of the adaptation plan 

At the request of the Neskowin Coastal Hazards 
Committee in 2009, Tillamook County officials 
began working with the committee and with several state agencies to find ways for 
dealing with the increasing risk from coastal hazards. To provide technical data and 
conduct risk assessments for the county, the Oregon Department of Land Conservation 
and Development’s Ocean and Coastal Management Program (OCMP) partnered with 
four other agencies: 

 Oregon Department of Geology and Mineral Industries (DOGAMI) 

 Oregon Parks and Recreation Department (OPRD) 

 Oregon State University 

 US Geological Services (USGS) 

Adapting to a changing 
environment 

“In addition to the effects of normal 
variability in Oregon’s climate, 
significant changes in temperature, 
precipitation patterns, and other 
climate factors like ocean conditions 
are expected to increasingly affect 
Oregon’s communities, natural 
resources, and economy. As with 
the effects of climate variability, 
long-term changes in climate 
conditions have the potential to 
result in very costly conditions and 
outcomes. Natural hazards, water 
supply problems, drought, habitat 
changes and loss of ecosystem 
services will all affect Oregon’s 
citizens, communities, and 
economy. But fortunately, many of 
the potential costs and 
consequences of climate change 
may be anticipated and planned for. 
As such, it is both prudent and 
important to develop measures, 
programs and approaches to reduce 
the costs of climate variability and 
change on Oregon.” 
 
The Oregon Climate Change 
Adaptation Framework: Summary of 
Key Findings and Recommendations, 
Oregon Global Warming 
Commission, December 2010, p. 1 
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In 2010 the Department of Land Conservation and Development awarded a grant to 
Tillamook County to develop this adaptation plan, using the information from the 
agencies listed above. The county hired planning consultant Mitch Rohse to write the 
plan. Throughout the project, the county’s Department of Community Development 
worked closely with the agencies and consultant and managed the project. 
A first draft of the plan was completed and submitted to county officials in February 
2011. After that . . . [to be done: a few paragraphs on history of plan from first draft to 
adoption] 
 

2.3  Structure of the plan 

This plan has two parts: a framework plan, which you are reading now, and a tier 
(eventually) of community sub-plans for the different communities and areas along 
Tillamook County’s coast. The framework plan is a general document applicable to the 
county’s entire coast. It describes key issues, defines the area subject to the adaptation 
plan, summarizes coastal erosion hazards, explains how they affect the county, and 
presents various methods for dealing with them. It is the information and policy 
foundation on which the community sub-plans will be built. 
 
The community sub-plans focus on the specifics of each place. They explain which 
hazards affect which places, assess risks, and present specific actions, measures, and 
programs for dealing with those risks. One sub-plan, for Neskowin, is being developed 
right now. Others will follow, as resources and technical data become available.  The 
final number of sub-plans isn’t known yet. 
 
Tillamook County’s coastal erosion hazards adaptation plan thus will take form as shown 
in the diagram below. The diagram shows seven sub-plans, but the actual total could 
come to be more than a dozen. 
 

 
Figure 1:  Tillamook County’s erosion hazards adaptation plan has two “tiers”: a broad framework 
plan, and a set of detailed sub-plans for the various coastal communities. 
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2.4  The planning area 
One of the most basic questions in developing a plan 
like this has to do with geography: What lands should 
be addressed by and subject to the plan?  Obviously, a 
plan for adapting to coastal hazards must include 
coastal areas that might be affected by such hazards. 
It’s less obvious, however, where the upland 
boundary of such a planning area should be set. 
 
For this plan, the county relies on a well-known and 
long-established boundary set forth in Statewide 
Planning Goal 17, Coastal Shorelands. For Tillamook 
County, Goal 17 describes the planning area thus: 

Inventories shall be conducted to provide information 

necessary for identifying coastal shorelands and 

designating uses and policies. These inventories shall 

provide information on the nature, location, and extent 

of geologic and hydrologic hazards and shoreland 

values, including fish and wildlife habitat, water-

dependent uses, economic resources, recreational uses, 

and aesthetics in sufficient detail to establish a sound 

basis for land and water use management. 

 

The inventory requirements shall be applied within an 

area known as a coastal shorelands planning area. This 

planning area is not an area within which development 

or use is prohibited. It is an area for inventory, study, 

and initial planning for development and use to meet the 

Coastal Shorelands Goal. 

The planning area shall be defined by the following: 

1. All lands west of the Oregon Coast Highway as 

described in ORS 

366.235, except that: 

(a) In Tillamook County, only the lands west of a line 

formed by connecting the western boundaries of the 

following described roadways: 

Brooten Road (County Road 887) northerly from its 

junction with the 

Oregon Coast Highway to Pacific City, 

McPhillips Drive (County Road 915) northerly from 

Pacific City to its junction 

with Sandlake Road (County Road 871), 

Sandlake-Cape Lookout Road, (County Road 871) 

northerly to its junction with Cape Lookout Park, 

Netarts Bay Drive (County Road 665) northerly from its 

junction with the Sandlake-Cape Lookout Road (County 

Road 871) to its junction at Netarts with State Highway 

131, and 

northerly along State Highway 131 to its junction 

with the Oregon Coast Highway near Tillamook. 
Lands subject to this plan are shown in the shaded 

area along the coast. On-screen, the area is blue. 
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To visualize this planning area, imagine that you want to take a scenic drive along 
Tillamook County’s coast line. Your journey starts on the north side of the county, near 
Cape Falcon, on Highway 101 (the Oregon Coast Highway). You drive south on 101, past 
Manzanita, around Nehalem Bay, and through Rockaway Beach and Garibaldi. Near 
Tillamook, Highway 101 turns inland, away from the coast. You therefore leave the state 
highway and follow a series of county roads that hug the coast. Along the way, you pass 
through or near Cape Meares, Oceanside, and Netarts, arriving at Pacific City. From 
there, you come back onto to Highway 101 and follow it past Neskowin to Tillamook 
County’s southern border (with Lincoln County). All of the lands, beaches, and 
headlands west of that route are “the planning area” covered by this plan. 
 
Using Goal 17’s definition of the planning area has three main benefits: 

 It encompasses lands most likely to be affected by coastal hazards. 

 It uses an established boundary, one already recognized in county and state 
planning documents. 

 Because it is defined in terms of prominent physical features (roads and the 
Pacific Ocean), the area is readily seen, convenient to map, and congruent with 
property lines. 

 
Here’s an important point to remember about the planning area: inclusion in it does not 
necessarily mean that a property is at risk from coastal erosion hazards. In fact, many 
properties in this area will face little or no risk. Some may be at moderate risk from one 
hazard or another. Other properties may be facing high risk from erosion and related 
hazards. The “planning area” is simply the initial region where we start to make more 
detailed assessments of risk and then adopt suitable adaptation measures. 
 
Conversely, being located outside the planning area does not mean a property can be 
assumed to be hazard-free. All parts of Tillamook County face some risk from natural 
hazards such as earthquakes. The erosion hazard planning area just marks the portion of 
the county where hazardous coastal erosion is most likely to occur. 
 

2.5  The planning period 

Most comprehensive plans in Oregon have a “planning period” of 20 years. That is, they 
project population, zone land for development, and estimate need public services and 
facilities from the time the plan is adopted to a point 20 years in the future. 
 
In planning how to deal with geologic hazards, however, we need to look further into 
the future.  While we certainly need to be mindful of short-term erosion that can be 
caused a single severe storm, a twenty-year window doesn’t give us a broad enough 
view to estimate the probability and effects of long-term coastal erosion. This 
adaptation plan, therefore, uses a planning period of 40 years, from its inception in 2010 
to the year 2050.  One can readily make a case for some different period, but 2050 is a 
convenient target because several state and federal agencies with programs concerning 
hazards and climate change use the same year. For example, 2050 is the “time horizon” 
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suggested in 2007’s House Bill 3543 and used by the Oregon Global Warming 
Commission and the Intergovernmental Panel on Climate Change (IPCC). 
 

2.6  The probabilistic plan 

Traditional land use plans are “deterministic.” That is, they are based on simple cause-
and-effect relationships, where actions determine outcomes.  With deterministic plans, 
specific outcomes are assumed to be predictable.  We can say with assurance, even 
certainty, that if we take action “X,” then we can expect outcome “Y.” 
 
For example, type and density of development determine demand for public services 
such as streets. Single-family dwellings in low-density subdivisions, for instance, can be 
expected to generate about 10 vehicle trips per dwelling each day. A subdivision with 
100 such dwellings thus will create a demand for additional capacity of about 1,000 
vehicle trips per day in the streets that serve it. Using such calculations, planners can 
accurately predict the impact that new development will have on a community and the 
systems and facilities that serve it. 
 
When the cause-and-effect relationship is straightforward and we have reliable data or 
evidence of that relationship, the deterministic approach may be quite effective. But 
when we must deal with complex relationships that are neither fully understood nor 
adequately documented, the deterministic approach is likely to mislead. We thus need a 
better way to foresee our future and plan for it. 
 
Such is the case with natural hazards: the cause-and-
effect relationships are quite complex and outcomes 
therefore are far less predictable. We can be sure that 
certain geologic events such as a large earthquake will 
happen sometime in our future. They have happened 
in the past, and all the variables necessary for them to 
happen again still exist. On the other hand, we lack the 
information needed to accurately predict the precise 
time, location or magnitude of such events. The key 
geologic and climatic forces affecting our coast are 
highly variable, and our planning methods need to 
reflect that. 
 
Scientists deal with this problem of uncertainty by estimating the probability – the 
likelihood – that various hazard events will occur. By analyzing factors and forces that 
cause the events, they can give planners and policy makers estimates of risk on which to 
base plans and policies regarding development.  The result is a plan that identifies areas 
of higher or lower risk, depending on the probability that a given hazard would cause 
significant damage there. The strongest protection is given to higher-risk areas. Lesser 
forms of protection are specified for areas facing less risk. 
 

“Extraordinary events can 
happen without 
extraordinary causes.” 
 
The Drunkard’s Walk: How 
Randomness Rules Our Lives, 
by Leonard Mlodinow (New 
York: Vintage Books, 2008), 
p. 20 
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That is how this plan works. It is based on statistical estimates of erosion rates and the 
likelihood that related hazard events that will occur in a given place within a specified 
period. The statistical analysis and data come from scientists at the US Geological 
Service, the Oregon Department of Geology and Mineral Industries, and Oregon State 
University. 
 
Probability does have a problem: it involves statistical analysis that is (a) complex and 
(b) sometimes counterintuitive.  For example, the common “gambler’s fallacy” causes 
many people to assume that if a coin is tossed ten times and comes up heads every 
time, the odds that it will be tails on the eleventh toss are much greater than fifty-fifty. 
Not so: assuming the coin is evenly balanced, the odds on the eleventh throw are the 
same as those on the first. The preceding ten throws have no influence on the eleventh. 
 
The same is true of the so-called “hundred-year flood.”  If such a flood occurred in 2011, 
another could occur again the very next year. Yet many people assume that the one-in 
a-hundred probability means that the second such flood cannot occur for many decades 
to come. Over many thousands of years, the hundred-year interval is indeed likely to be 
the general pattern. But in any one century, the interval may depart dramatically from 
that pattern.  
 
Also, the apparent simplicity of a statistic such as the “one-percent” or “hundred-year” 
flood often misleads. The Federal Emergency Management Agency (FEMA) describes 
that counterintuitive aspect of probability this way: 

The 1-percent AEP [annual exceedance probability] flood has a 1-percent chance of 

occurring in any given year; however, during the span of a 30-year mortgage, a home in 

the 1-percent AEP (100-year) floodplain has a 26-percent chance of being flooded at 

least once during those 30 years! The value of 26 percent is based on probability theory 

that accounts for each of the 30 years having a 1-percent chance of flooding. 

http://pubs.usgs.gov/gip/106/pdf/100-year-flood_041210web.pdf 

 

2.7  How This Plan Fits with Climate Adaptation and Hazard 
Mitigation Planning 

This coastal erosion hazard adaptation framework plan is one of several plans that 
address natural hazard risks to people, communities, and infrastructure in Tillamook 
County. As noted in Section 2.1, the fact that there are several plans can be confusing, 
but each one has a different emphasis or scope, and they all relate to each other. This 
section explains where this plan, which focuses on the coastal (ocean shore) portion of 
Tillamook County, and the county’s overall hazard mitigation planning effort fit into the 
broader context of planning to reduce vulnerability to the effects of climate variability.  
 
The Federal Emergency Management Agency (FEMA) requires all states and 
communities to develop natural hazard mitigation plans in order to be eligible for 
certain hazard mitigation grant programs, and in the case of the states, to be eligible for 
certain categories of disaster assistance. Tillamook County adopted its Hazard Mitigation 
Plan in 2005, and is now in the process of revising and updating it to reflect the state’s 
recently adopted hazard mitigation plan framework. See http://opdr.uoregon.edu/stateplan. 

http://pubs.usgs.gov/gip/106/pdf/100-year-flood_041210web.pdf
http://opdr.uoregon.edu/stateplan
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Tillamook County’s coastal erosion hazard adaptation plan—this framework together 
with the community sub-plans—is well suited to be one element of the county Hazard 
Mitigation Plan. As part of the County’s process to update the hazard mitigation plan, 
this framework plan, and future community sub-plans, address increasing coastal 
erosion hazard risks. Other elements of the hazard mitigation plan will address other 
hazards, like flooding and wildfire. Finally, the hazard mitigation plan will be 
implemented in part through the county comprehensive land use plan.  
 
Some natural hazards—floods, wildfires, drought, and erosion, to name a few—are 
driven by climate factors. Variability in climate conditions—more or less rain, cooler or 
warmer temperatures—is partly responsible for these natural hazards. Planning to 
address the effects of variable climate conditions has led some communities to develop 
comprehensive climate adaptation plans. Although this coastal erosion hazard 
adaptation framework plan addresses some components of climate variability (e.g., 
increased storminess and wave heights, sea level rise), it was not intended to address 
the full array of potential climate change factors and is not a comprehensive climate 
adaptation plan.  Generally, climate adaptation plans are broader in scope than a hazard 
mitigation plan, since some adaptation measures—developing a new source of drinking 
water, or restoring riparian vegetation—fall outside the scope of natural hazard 
planning.  
 
A full-scale planning approach to adapt to future climate conditions is much broader 
than this coastal erosion adaptation plan or the county hazard mitigation plan.  
However, hazard mitigation plans can be used to implement elements in a local climate 
adaptation plan. Planning for climate variability and future climate conditions is 
becoming one of the most important areas of land use planning. Tillamook County has 
not developed a comprehensive climate adaptation plan, but may consider doing so in 
the future. In the meantime, this plan contains measures that could be implemented to 
reduce vulnerability to some aspects of variable climate conditions, with its primary 
focus to reduce the county’s exposure to the effects of coastal erosion.  
 
The 2005 Tillamook County Hazard Mitigation Plan’s focus is to “coordinate the 
participation of all public agencies and local government participants within Tillamook 
County” so as “to reduce or avoid long-term vulnerabilities to identified hazards.” It 
currently deals mainly with a broad range of catastrophic or episodic events such as 
earthquakes, fires, and floods, and is countywide in its scope.  The revised plan intends 
to also focus on the chronic and increasing hazard of coastal erosion along dune-backed 
and bluff-backed beaches, and with related hazards such as landslides.  
 
The county’s broader task is to revise the hazard mitigation plan and to look for 
opportunities to implement hazard mitigation polices, strategies and measures through 
the Tillamook County Comprehensive Plan.  The county believes that this coastal hazard 
adaptation framework plan (and community sub plans), the hazard mitigation planning 
effort, and the county comprehensive plan should be well coordinated to more 
effectively address coastal hazards within Tillamook County. 
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Readers can view the 2005 Tillamook County Hazard Mitigation Plan on-line at 
http://www.co.tillamook.or.us/gov/ComDev/documents/planning/Hazard%20Mitigatio
n%20Plan.pdf 
 

 

For more information on adaptation planning . . .  

The National Oceanic and Atmospheric Administration (NOAA) maintains a website on 
coastal adaptation planning at http://collaborate.csc.noaa.gov/climateadaptation/default.aspx 

The site includes a state-by-state listing of adaptation plans and projects and links to them. 
Click on “Resources.” 
 
For a report on the need for and progress of adaptation planning in the US, see Susanne C. 
Moser’s Good Morning, America! The Explosive U.S. Awakening to the Need for Adaptation.  
2009. 42 pp.  On-line in PDF at  http://www.csc.noaa.gov/publications/need-for-
adaptation.pdf 

 
 

http://www.co.tillamook.or.us/gov/ComDev/documents/planning/Hazard%20Mitigation%20Plan.pdf
http://www.co.tillamook.or.us/gov/ComDev/documents/planning/Hazard%20Mitigation%20Plan.pdf
http://collaborate.csc.noaa.gov/climateadaptation/default.aspx
http://www.csc.noaa.gov/publications/need-for-adaptation.pdf
http://www.csc.noaa.gov/publications/need-for-adaptation.pdf
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Coastal erosion a significant hazard in Tillamook County . . .  

“The hot-spot zones of erosion during the major El Niños of 1982-83 and 1997-98 
represent some of the most significant impacts to coastal properties in recent decades. 
That erosion was the combination of the exceptionally high water levels experienced 
during the winter months, and the northward movement of the beach sand by the 
waves that reach the coast from the southwest, so that the property losses were 
greatest in the hot-spot areas. Examples of significant hot-spot erosion problems along 
the Oregon coast include the following. 

•Neskowin, with the hot-spot area of maximum beach and foredune erosion having 
occurred immediately north of Cascade Head. [In Tillamook County] 

•The erosion and flooding impacts to Cape Lookout State Park at the south end of 
Netarts Spit, to the north of the Cape, during both the 1982-83 and 1997-98 El Niños. [In 
Tillamook County] 

• Impacts to The Capes development of condominiums that were constructed on a high 
sand bluff that was eroded by the northward migration of the inlet to Netarts Bay. [In 
Tillamook County] 

•Extensive erosion of the Bayshore development on Alsea Spit during both major El 
Niños, caused by the northward migration of the Bay’s inlet. 

•The erosion of the beach and foredunes in Port Orford north of The Heads, resulting in 
the loss of the community’s sewage disposal facility, and leading subsequently to a 
breach through the dunes that carried water into Garrison Lake that was its source of 
fresh water.” 

 
Peter Ruggiero, Paul D. Komar, Cheryl A. Brown, Jonathan C. Allan, Deborah A. Reusser and Henry 
Lee II, “Impacts of Climate Change on Oregon’s Coasts and Estuaries,” Chapter 6 in Oregon 
Climate Assessment Report (2010), K.D. Dello and P.W. Mote (eds). Oregon Climate Change 
Research Institute, College of Oceanic and Atmospheric Sciences, Oregon State University, 
Corvallis, OR.  
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3.  Principles and Priorities for the Plan 
 
When this framework plan was proposed, Tillamook County specified certain principles 
and priorities to be followed during its preparation. These have guided the plan’s writers 
and contributors throughout its design and development: 
 
a. To accurately assess the likelihood of future coastal erosion and related hazards and 

to identify areas in Tillamook County most vulnerable to them  
b. To assess risk from coastal erosion hazards  
c. To describe appropriate implementing measures, programs, and actions based on 

risk assessment  
d. To protect county residents and visitors from injury and harm caused by coastal 

erosion and related hazards  
e. To reduce costs and damage to private property  
f. To reduce costs and damage to public property and infrastructure 
g. To protect coastal resources and natural systems  
h. To facilitate and coordinate efforts of public agencies to respond to and manage 

coastal erosion hazards 
i. To inform county residents and visitors about coastal erosion hazards 
j. To consider costs of and funding sources for adaptation measures 
k. To establish a strategy for monitoring and measuring the performance of the 

adaptation measures, programs and actions used to implement the plan 
l. To establish and maintain a process for adaptation planning that encourages and 

ensures extensive community involvement 
m. To use science-based information and data from objective, authoritative sources 

such as public agencies or academic institutions in all risk assessment and 
adaptation planning (that is, the principle of “best available science”) 

n. To ensure that the adaptation plan complements and is consistent with Tillamook 
County’s comprehensive plan, implementing measures, and functional plans 

o. To ensure that the adaptation plan complements and is consistent with state and 
federal programs relating to coastal erosion hazards. 
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4. The Policy Setting 
 
The State of Oregon has strong policies regarding land use, development, and 
protection of natural resources.  These policies are set forth in 19 statewide planning 
goals and in related administrative rules and statutes. Cities and counties throughout 
Oregon have adopted local comprehensive plans that comply with those state policies, 
and Tillamook County is no exception. The county’s plan was approved – the technical 
phrase is “acknowledged to comply with Oregon’s statewide planning goals” – by the 
state’s Land Conservation and Development Commission (LCDC) in 1983.  
 
The adaptation plan therefore is not introduced into a policy vacuum. It must 
complement and reinforce existing state and local policies related to natural hazards, 
coastal communities, and natural resources.  The key elements of this existing policy set 
are summarized in Tables 1 and 2: 
 

TABLE 1: Key Local Policies and Programs Related to Coastal Hazards 

Policy or Program Responsible Agency 

Tillamook County Comprehensive Plan County Dept of Community Development 
http://www.co.tillamook.or.us/gov/ComDev/ 

Tillamook County Transportation 
System Plan 

County Dept of Community Development 
http://www.co.tillamook.or.us/gov/ComDev/ 

Tillamook County Hazard Mitigation 
Plan 

County Dept of Emergency Management 
http://www.co.tillamook.or.us/gov/EMGMGNT/default.ht
m 

Unincorporated community plans for 
Barview-Watseco-Twin Rocks; 
Neahkahnie; Neskowin; Netarts; 
Oceanside; Pacific City-Woods 

County Dept of Community Development 
http://www.co.tillamook.or.us/gov/ComDev/ 

City of Bay City Comprehensive Plan City Hall 
http://www.ci.bay-city.or.us/Development.htm 

City of Garibaldi Comprehensive Plan Development & Building Dept 
http://www.ci.garibaldi.or.us/db.html 

City of Manzanita Comprehensive Plan City Manager’s Office 
http://www.ci.manzanita.or.us/3Services/building.html 

City of Nehalem Comprehensive Plan Not available 

City of Rockaway Beach 
Comprehensive Plan 

Dept of Community Development 
http://www.rockawaybeachor.us/ 

City of Tillamook Comprehensive Plan Planning Dept 
http://www.tillamookor.gov/departments/planning.html 

City of Wheeler Comprehensive Plan Not available 

 
 

http://www.co.tillamook.or.us/gov/ComDev/
http://www.co.tillamook.or.us/gov/ComDev/
http://www.co.tillamook.or.us/gov/EMGMGNT/default.htm
http://www.co.tillamook.or.us/gov/EMGMGNT/default.htm
http://www.co.tillamook.or.us/gov/ComDev/
http://www.ci.bay-city.or.us/Development.htm
http://www.ci.garibaldi.or.us/db.html
http://www.ci.manzanita.or.us/3Services/building.html
http://www.rockawaybeachor.us/
http://www.tillamookor.gov/departments/planning.html
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TABLE 2: Key State Policies and Programs Related to Coastal Hazards 

Policy or Program Responsible Agency 

Goal 5, Natural Resources, Scenic and 
Historic Areas, and Open Spaces 

Dept of Land Conservation and Development (DLCD) 
http://www.oregon.gov/LCD/index.shtml 

Goal 7, Areas Subject to Natural 
Hazards 

Dept of Land Conservation and Development (DLCD) 
http://www.oregon.gov/LCD/index.shtml 

Goal 16, Estuarine Resources 
 

Dept of Land Conservation and Development (DLCD) 
http://www.oregon.gov/LCD/index.shtml 

Goal 17, Coastal Shorelands 
 

Dept of Land Conservation and Development (DLCD) 
http://www.oregon.gov/LCD/index.shtml 

Goal 18, Beaches and Dunes 
 

Dept of Land Conservation and Development (DLCD) 
http://www.oregon.gov/LCD/index.shtml 

National Flood Insurance Program for 
Oregon 

DLCD is the state’s NFIP coordinator for FEMA  
http://www.oregon.gov/LCD/HAZ/floods.shtml 

Oregon Coastal Management Program Oregon Coastal Management Program (OCMP) 
http://www.oregon.gov/LCD/OCMP/index.shtml 

Oregon Shore Law (“Beach Bill”) Oregon Parks and Recreation Dept (OPRD) 
http://www.oregon.gov/OPRD/RULES/index.shtml 

Removal-Fill Permits Division of State Lands (DSL) 
http://oregonstatelands.us/DSL/PERMITS/index.shtml 

Natural Hazards (Coastal Erosion, 
Tsunamis, Earthquakes, etc.) 

Dept of Geology and Mineral Industries (DOGAMI) 
http://www.oregon.gov/DOGAMI/earthquakes/earthqua
kehome.shtml 

Oregon Global Warming Commission’s 
Roadmap to 2020 (on greenhouse gas 
reduction) 

Oregon Global Warming Commission 
http://www.keeporegoncool.org/content/roadmap-2020 

Oregon Climate Change Adaptation 
Framework, December 2010 

State of Oregon (Multi-Agency Team) 
http://www.lcd.state.or.us/LCD/docs/ClimateChange/Fr
amework_Final.pdf 

Oregon Climate Assessment Report, 
December 2010 

Oregon Climate Change Research Institute (OCCRI) 
http://www.keeporegoncool.org/content/oregon-climate-
assessment-report-released 

 

http://www.oregon.gov/LCD/index.shtml
http://www.oregon.gov/LCD/index.shtml
http://www.oregon.gov/LCD/index.shtml
http://www.oregon.gov/LCD/index.shtml
http://www.oregon.gov/LCD/index.shtml
http://www.oregon.gov/LCD/HAZ/floods.shtml
http://www.oregon.gov/LCD/OCMP/index.shtml
http://www.oregon.gov/OPRD/RULES/index.shtml
http://oregonstatelands.us/DSL/PERMITS/index.shtml
http://www.oregon.gov/DOGAMI/earthquakes/earthquakehome.shtml
http://www.oregon.gov/DOGAMI/earthquakes/earthquakehome.shtml
http://www.keeporegoncool.org/content/roadmap-2020
http://www.lcd.state.or.us/LCD/docs/ClimateChange/Framework_Final.pdf
http://www.lcd.state.or.us/LCD/docs/ClimateChange/Framework_Final.pdf
http://www.keeporegoncool.org/content/oregon-climate-assessment-report-released
http://www.keeporegoncool.org/content/oregon-climate-assessment-report-released
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5. Coastal Erosion in Tillamook County 
 
Coastal erosion is the general term used to describe a variety of natural processes and 
events that occur daily along the beaches, dunes, bluffs and headlands of Tillamook 
County. The Pacific Ocean here is engaged in a relentless quest to move east. It does this 
with varying degrees of success, scouring sand from beaches, eroding dunes, and 
undercutting bluffs. The great waves of the Pacific are abetted by strong winds and 
heavy winter rains that work together to constantly reshape the shoreline. The resulting 
erosion is hazardous to coastal life and property in several ways, described in this 
chapter. 
 
Just as pain can be classified as acute or chronic, geologic hazards can be thought of in 
two broad categories: episodic and chronic. The former are sporadic, mostly 
unpredictable, events such as earthquakes. These types of hazards are sudden, short-
lived events. In their most extreme form, they can inflict major damage to an entire 
region in a matter of minutes. In contrast, chronic hazards such as coastal erosion 
usually occur slowly, steadily and often imperceptibly. 1 They are more process than 
event. But one should not conclude that chronic hazards are less important or less 
damaging than catastrophic hazards. Indeed, because chronic hazards – especially 
coastal erosion – occur so steadily and persistently over long periods of time, their 
impacts on and damage to the community may be much greater.  
 
The effects of coastal erosion sometimes are compounded by other geologic hazards. 2  
For example, a massive subduction zone earthquake would cause some beaches and 
dunes to drop (subside) several feet, thereby causing sudden and widespread erosion, 
landslides and ocean flooding. For that reason, earthquakes and tsunamis are described 
at some length in the following chapter, on forces and factors that affect coastal 
erosion. The main focus of this plan, however, is on erosion of dune-backed and bluff-
backed coastal beaches, and on costs and consequences of such erosion. 
 
That coastal erosion should be considered a hazard may not be obvious. After all, the 
sand we observe washing into the sea during a walk on the beach seems to pose little 
danger to the walker or to cottages that line the shore. It is, however, the cumulative 
effects of such erosion that pose the danger. Those cumulative effects may be 
summarized as narrowing beaches, shifting sand spits, crumbling bluffs and dunes, 
landslides, and ocean flooding, as described in the following sections. 
 

                                                      
1
 Coastal erosion, however, is not always a slow or chronic hazard: one extreme winter storm can bring 

sudden and massive erosion. 
2
 ORS 516.010(6) defines “geologic hazard” as “a geologic condition that is a potential danger to life and 

property which includes but is not limited to earthquake, landslide, flooding, erosion, expansive soil, fault 

displacement, volcanic eruption and subsidence.” 
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5.1  Narrowing Beaches 

A broad expanse of sand serves as a natural buffer, cushioning the ocean’s impact on 
dunes, bluffs – or development – along the shore. For that reason, wide beaches of fine 
sand are often described as “dissipative”: that is, they dissipate wave energy. In 
contrast, narrower, steeper and coarser beaches are described as “reflective.” During 
high water and storms, waves on reflective 
beaches break closer to shore, having lost little of 
their energy before impact. The potential for 
erosion of the shore and damage to structures 
thus is greater along reflective beaches.  
 
Many beaches in Oregon undergo an annual cycle 
in which they lose sand in winter but regain it in 
summer. Winter storms wash sand out to sea, 
sometimes taking a beach down to bedrock, 
revealing what is called the shore platform or 
(formerly) wave-cut platform. The sand lost in 
winter then is restored in summer, when the 
longshore current reverses and offshore waves 
grow smaller. Over the course of a year, a beach 
exposed to this cycle thus experiences no 
significant net loss or gain of sand. Such a beach is 
said to be in dynamic equilibrium. Here, the width 
of the beach will wax and wane with the seasons, 
but over the long term, will remain fairly constant. 
 
Some beaches, however, do not remain in 
equilibrium. Rather, they experience long-term 
net losses (erosion) or gains (accretion) of sand. A 
beach that is losing sand may decrease in height 
and width, as well as recede (move landward). In 
contrast, a beach that is accreting may increase in 
height and width and also prograde – that is, grow 
toward the sea. 
 
The Nestucca littoral cell, which extends from Cape Kiwanda and Pacific City on the 
north to Neskowin and Cascade Head on the south, is one example of a beach out of 
balance. Since the late 1990s, the cell has experienced a net loss of sand (through June 
2006) estimated to be between 1.3 million and 2.0 million cubic yards.3  To picture just 
how much sand that is, think of houses full of sand. A 2,000 square-foot dwelling with 
nine-foot ceilings has a volume of 667 cubic yards. One million cubic yards of sand is 

                                                      
3
 Jonathan C. Allan and Roger Hart.  Assessing the temporal and spatial variability of coastal change in the 

Neskowin littoral cell: Developing a comprehensive monitoring program for Oregon beaches.  Portland, 

Oregon Department of Geology and Mineral Industries, 2007, p. 1. 

 

Littoral Cells 

A littoral cell is a section of shoreline 
bounded on either end by a headland 
and backed by dunes or bluffs, with a 
sandy beach at water’s edge. The cells 
typically are, in a geologic sense, self-
contained: the sand of the beaches, 
dunes and nearshore waters in the 
cell is contained by the headlands and 
circulates within the cell. Tillamook 
County has four of these cells. 
 
The largest and northernmost is the 
Rockaway Littoral Cell. It extends from 
Cape Falcon on the north to Cape 
Meares on the south. 
 
The Netarts Littoral Cell extends from 
Cape Meares south to Cape Lookout. 
 
The Sand Lake Littoral Cell extends 
from Cape Lookout south to Cape 
Kiwanda. 
 
The Nestucca (or Neskowin) Littoral 
Cell extends from Cape Kiwanda at 
Pacific City south to Neskowin and 
Cascade Head. 
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1,500 housefuls. By any measure, then, a net loss of as much as 2.0 million cubic yards is 
a dramatic change. 
 
The greatest sand loss in the Nestucca littoral cell has occurred in the southern part of 
the cell. The northern part has experienced some accretion, increasing the height of the 
dune along the Nestucca River spit. This relatively small build-up, however, is far 
exceeded by the net loss of sand over the entire littoral cell. 
 
Long-term accretion may cause sand inundation, where a growing dune moves into a 
developed area, damaging beachfront property and structures. This has occurred at 
Pacific City, for example. The more hazardous result from a beach out of balance, 
however, is long-term erosion. The continuing loss of sand causes the beach to narrow 
and recede, reducing its effectiveness as a buffer. Waves run up farther onto shore, and 

more wave energy 
is released there, 
often causing 
damage to 
property, 
infrastructure and 
resources. The 
photo here shows 
such damage at 
Neskowin, where 
the beach has 
narrowed 
markedly during 
the past decade. 
 
 

“High surf and the impact on the riprapped Neskowin shoreline on January 9, 2008.” 

This photo by Armand Thibault appeared in the Oregonian article “State monitoring 

shifting sands on coast,” March 1, 2009.   

 
The average size of a beach’s individual particles of sand (“median grain size”) plays a 
significant role in the beach erosion rate. The correlation may seem counter-intuitive: 
beaches with fine-grained sands erode less rapidly than beaches with coarse sands. All 
other things being equal, beaches with small sand particles thus are generally more 
effective buffers from ocean waves.4 
 
 
 

                                                      
4
 Paul D. Komar, in “Ocean Processes and Hazards along the Oregon Coast,” Oregon Geology, Volume 54, 

Number 1, January 1992. p. 7.  On-line at  http://www.oregongeology.org/pubs/OG/OGv54n01.pdf 

http://www.oregongeology.org/pubs/OG/OGv54n01.pdf
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5.2  Shifting Sand Spits 
Sand spits are perhaps the most dynamic of all coastal 
landforms. Wind and waves are constantly re-shaping 
them, thereby creating a highly unstable environment. 
That is the harsh lesson of Bayocean, an entire 
community lost to the forces of coastal erosion. See 
text box and photo below. 

 
 
 
 
 

 
Typically, the most dynamic, unstable part of a spit is its tip, where the width or location 
of a beach may vary by hundreds of feet per year. 
 
For precisely the reasons described above, little new development occurs on sand spits 
today. It is largely prohibited by state planning laws and coastal management program 
requirements.  Some development already exists on the spits, however, as does key 
public infrastructure such as roads and parks. 

Bayocean:  A Town 
Taken by the Sea 

“June 22, 1912 was opening 

day for the community of 

Bayocean on the prominent 

spit at the mouth of 

Tillamook Bay. Buildings 

included a post office, a large 

enclosed swimming pool, a 

three-story hotel, a bowling 

alley, and 59 homes and 

summer cottages. Investments 

totaled well over a million 

dollars (1912). Erosion was 

first noticed in the 1920's, and 

in 1939 the first breach of the 

spit occurred. With final 

breaching in 1952, the 

community was totally 

destroyed. Today at low tide 

many of the original lots are 

as much as a quarter of a mile 

out to sea” 

DOGAMI’s The ORE BIN, Vol. 

38, No.5, May 1976, p. 74 

http://www.oregongeology.co

m/pubs/og/OBv38n05.pdf 

 

http://www.oregongeology.com/pubs/og/OBv38n05.pdf
http://www.oregongeology.com/pubs/og/OBv38n05.pdf
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5.3  Crumbling Bluffs and Dunes 

Ocean waves often attack the toe of 
dunes, bluffs and cliffs, thereby 
undercutting them and making them 
more prone to landslides and 
sloughing. Meanwhile, wind and rain 
attack the face of these landforms. 
The combined attack often causes the 
upper edge of the landform to move 
landward in a process called “bluff 
recession.” 
 
A rapid retreat of the land may cause 
severe damage to structures along 
high-bank shores. Oceanfront yards 
may suddenly shrink or disappear, as 
shown in the photo below (taken by 
Tony Stein, of the Oregon Parks and 
Recreation Department, at Lincoln 
Beach).  
 
 

 

“Cliff” or “Bluff”? 

In everyday usage, the words cliff and bluff are 
pretty much interchangeable. Some geologists, 
however, view them as two distinct landforms. 
For example, Hapke, Reid and Richmond say, 
“Throughout the literature, cliff frequently 
refers to a slope formed in stronger, more-
resistant rock units, whereas bluffs are slopes 
eroded in softer, unlithified material, such as 
glacial till or ancient dunes.”* We maintain that 
same distinction in this plan. 
 
*Cheryl Hapke, Dave Reid, and Bruce Richmond, 

Rates and Trends of Coastal Change in California 

and Regional Behavior of the Beach and Cliff System, 

Journal of Coastal Research, May 2009,  p. 604 

http://allenpress.com/pdf/COAS_25.3_603_615.pdf 
 

http://allenpress.com/pdf/COAS_25.3_603_615.pdf
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Structures may tumble onto the beach below. And in extreme cases, an entire complex 
of buildings may be damaged, as was the case at The Capes, in Netarts. 
 
Dunes and bluffs of soft sedimentary material are the landforms most vulnerable to 
coastal erosion, but even headlands and sea cliffs of the hardest rock are not immune. 
They too erode, albeit more slowly. For example, geologists estimate that in Tillamook 
County, a hard basalt bluff exposed to wave action can be expected to erode at an 
average rate of one to two inches per year. In contrast, a bluff composed of softer 
alluvial deposits – loosely consolidated sand, mud, silt and gravel – typically erodes 3 to 
6 inches per year.5 
 
 
 
 

                                                      
5
 Allan, Jonathan C., and George R. Priest.  Evaluation of coastal erosion hazard zones along dune and 

bluff backed shorelines in Tillamook County, Oregon: Technical report to Tillamook County, Portland, 

Oregon Department of Geology and Mineral Industries, 2001. 
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5.4  Landslides 

Erosion often occurs as a gradual wearing down of coastal landforms, a process so slow 
that we cannot see its effects from one day to the next. But erosion also occurs in 
dramatic fits and starts, as large quantities of material lose their fight with gravity. These 
episodic forms of erosion are landslides, which are defined simply as the perceptible 
downslope movement of soil, rock or debris. There are three main forms of this event: 
falls, slides and flows. 
 
As the name suggests, a fall is the sudden dropping of soil or rock from a steep slope 
onto land at the base of the slope. The falling material flies through the air or bounces 
or rolls down the slope until coming to rest. Along Tillamook County’s coast, the two 
most common types of fall are rockfalls from sea cliffs and sloughing from sandstone 
bluffs. A slide is a similar type of event in which soil or rock moves not by falling freely 
through the air but by sliding downward along a less-than-vertical slope. 
 
Falls and slides are quite common on coastal 
headlands, cliffs and bluffs. The continual 
landslides often create large piles of broken rock 
and debris where the steep face of the slope 
meets the beach. The deposits of small fragments 
of loose material that build up at the base of 
these landslides are referred to as talus or scree.  
 
Flows, the third form of landslide, occur when 
masses of shale, loose rock or water-soaked soil 
take on the characteristics of a fluid and move 
downslope as an earthflow, mudflow or debris 
flow. Debris flows, also called “rapidly moving 
landslides,” are common in Tillamook County, not 
only on the coast but also in the interior, on the 
steep wet slopes of the Coast Range. 
 
When a large block of material suddenly gives way 
and slides downslope as a single mass – a process 
called block failure – the resulting landslide is 
referred to as a slump. 
 
The state Department of Geology and Mineral 
Industries (DOGAMI) recently undertook a 
statewide analysis of areas that have experienced 
landslides or are prone to them. The result of that 
analysis is “SLIDO,” the “Statewide Landslide 
Information Database for Oregon.” It is available on-line as an interactive map showing 
landslide areas in red, at http://www.oregongeology.org/sub/slido/index.htm 

Key Factors Affecting 
Coastal Landslides 

 Type of material of which 
the bluff is made 

 Height of bluff 

 Slope of bluff face 

 Surface water and runoff 

 Groundwater and pore 
pressure 

 Drainage from 
development at top of 
bluff 

 Vegetation 

 Wave action at toe of bluff 

 Extent of debris at toe of 
bluff 

 Type of beach at base of 
bluff 

 Shorefront protective 
structures at toe of bluff 

 Human activity accelerates 
erosion of bluff – digging 
caves in it, for example 

 

http://www.oregongeology.org/sub/slido/index.htm
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Even a cursory look at the state map reveals a lot of red in Tillamook County, much of it 
concentrated along the county’s coast: landslides are a significant hazard here. 
Numerous variables affect the frequency and extent of landslides at a given location. 
The most important usually is the type of material of which the bluff is made. 
 
In addition, the height and slope of a bluff play a significant part in landslides. Likewise, 
water is a key factor. Runoff at the crest and over the face of the bluff as well as 
groundwater may saturate loose soils, making them much more prone to landslides. 
Vegetation at the crest and on the face of a bluff serves to hold loose unconsolidated 
soils together, thus increasing resistance to water and wind erosion. Wave action at the 
base of a bluff is significant, especially if it leads to undercutting. The extent of debris at 
the base of a bluff is important: slide debris, sand and driftwood all may serve to buffer 
the impact of the waves, thus protecting the bluff from undercutting.  
 
Also, the type of beach below the bluff makes a difference. A broad expanse of fine sand 
in a dissipative beach will absorb a large part of the wave energy that might otherwise 
erode the bluff or dune behind the beach. 
 
In addition to the natural factors described above, the actions of man play a significant 
part in reducing – or increasing – the probability of landslides at some locations. 
Plantings, proper drainage and structures protecting the toe of a bluff all can slow 
coastal erosion and thereby lessen the frequency and extent of landslides. But other 
actions may increase the threat. Irrigation and improper drainage of developed 
properties near the crest of the bluff increase the likelihood of landslides. Likewise, 
climbing on or defacing fragile slopes accelerates the erosion caused by natural forces. 
 
The state’s Department of Geology and Mineral Industries (DOGAMI) has examined the 
history of landslides in Tillamook County, mapped the location of major slides, and 
estimated the risk of landslides at bluff-backed beaches. The results of DOGAMI’s study 
are presented in a report by Jonathan C. Allan and George R. Priest, Evaluation of 
Coastal Erosion Hazard Zones along Dune and Bluff Backed Shorelines in Tillamook 
County, Oregon: Cascade Head to Cape Falcon, 2001.  
 

 

For more information on landslides . . .  

See Oregon Department of Geology and Mineral Industries (DOGAMI) website on 
“Coastal Hazards” at 
http://www.oregongeology.org/sub/earthquakes/Coastal/CoastalLandslides.htm 
 
Visit the Oregon Department of Land Conservation and Development’s Natural 
Hazard program website on “Landslides” at 
http://www.oregon.gov/LCD/HAZ/landslides.shtml 
 

http://www.oregongeology.org/sub/earthquakes/Coastal/CoastalLandslides.htm
http://www.oregon.gov/LCD/HAZ/landslides.shtml
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5.5  Flooding 

Floods are defined in terms of the floodwater’s elevation with regard to some standard 
reference point. In Tillamook County, that reference typically is a fixed elevation called 
the National Geodetic Vertical Datum of 1929 (NVGD 29).6 It corresponds roughly to 
what in everyday language is called “mean sea level.” When one speaks of a flood’s 
“elevation,” it thus means the height of the floodwater’s surface above NGVD 29. The 
higher a flood’s elevation in comparison to the elevation of the flooded land, the greater 
the depth of the floodwater. For example, if floodwaters at a certain place reach an 
elevation of 100 feet above NGVD 29 and the elevation of the land there is 90 feet 
above NGVD 29, the depth of the floodwaters is ten feet. 
 
The word flood covers a wide range of conditions, from routine annual inundation of 
lowlands near a river to catastrophic inundation of urban areas. To develop programs 
for dealing with flood hazards, a more precise definition is needed to answer the 
question of just which floods are considered hazardous. When the federal government 
initiated the National Flood Insurance Protection Program in 1968, it adopted just such a 
definition for what has come to be called the “base flood” (or less commonly, the 
“design flood”). The USGS explains the term this way: 

In the 1960’s, the United States government decided to use the 1-percent annual 

exceedance probability (AEP) flood as the basis for the National Flood Insurance 

Program. The 1-percent AEP flood was thought to be a fair balance between protecting 

the public and overly stringent regulation. Because the 1-percent AEP flood has a 1 in 

100 chance of being equaled or exceeded in any 1 year, and it has an average recurrence 

interval of 100 years, it often is referred to as the “100-year flood”.” 

 

The 1-percent AEP flood has a 1-percent chance of occurring in any given year; 

however, during the span of a 30-year mortgage, a home in the 1-percent AEP (100-

year) floodplain has a 26-percent chance of being flooded at least once during those 30 

years! The value of 26 percent is based on probability theory that accounts for each of 

the 30 years having a 1-percent chance of flooding. 

http://pubs.usgs.gov/gip/106/pdf/100-year-flood_041210web.pdf 

 

Under the National Flood Insurance Program, the Federal Emergency Management 
Agency (FEMA) works with state agencies and local governments to determine local 
flood elevations. The elevations are carefully mapped, and lands with elevations lower 
than those of the base flood are subject to flood hazard regulations. Such areas then 
qualify for federally supported flood insurance. Lending institutions require landowners 
to purchase such insurance before they will lend money for development of flood-prone 
land.7 
 
 
 

                                                      
6
 The more recent and increasingly common standard datum is NAVD 88: “North American Vertical Datum 

of 1988.” 
7
 The National Flood Insurance Program is voluntary: communities may opt out, but most choose to 

participate. In Tillamook County, all local governments participate in the program.  

http://pubs.usgs.gov/gip/106/pdf/100-year-flood_041210web.pdf
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Riverine Flooding 
For many people, the word “flood” conjures up an image of an inland waterway 
overflowing its bank. Lands subject to such inundation from standing or slowly moving 
water are said to be in the floodplain. In low-lying areas next to rivers, the extent of the 
floodplain may be very broad, taking in thousands of acres. On flood insurance rate 
maps, most floodplains are designated with a code beginning with the letter “A” and are 
said to be in an “A Zone.” 
 
Flood hazard regulations permit development in such an “A Zone” but specify standards 
for such development so as to protect people and property. Typically, new residential 
development must be designed and built so that the floor of the lowest habitable room 
is at least one foot above the base flood elevation. The regulations require tie-downs 
and anchors for structures that might otherwise be carried away by floodwaters. They 
also prohibit designs or forms of development that would displace or alter the flow of 
floodwaters in such a way as to damage other properties.  
 
Ocean Flooding 
In coastal areas, flooding often contrasts with riverine flooding in two ways: floodwaters 
come from the sea and they are pushed by powerful winds and ocean waves. The strong 
winds often generate floodwater waves that can increase the flood damage. If coastal 
floodplains are likely to experience waves higher than three feet, they are designated 
“V” (for “velocity”) and are said to be in a “V Zone,” as shown in the diagram below, 
from DOGAMI’s Jonathan Allan (May 2011): 

 
Tillamook County experiences strong winds. It is one of just six counties in Oregon 
where new construction must be built and designed to withstand winds of 105 mph. 8 
(Other counties in Oregon are subject to less stringent design standards with respect to 

                                                      
8
 2010 Oregon Structural Specialty Code, p. 384, at 

http://ecodes.biz/ecodes_support/free_resources/Oregon/10_Structural/10_PDFs/Chapter%2016_Struct
ural%20Design.pdf 

http://ecodes.biz/ecodes_support/free_resources/Oregon/10_Structural/10_PDFs/Chapter%2016_Structural%20Design.pdf
http://ecodes.biz/ecodes_support/free_resources/Oregon/10_Structural/10_PDFs/Chapter%2016_Structural%20Design.pdf
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wind.) Given the existence of such strong winds, it is not surprising that many flood-
prone areas here are classified in a V Zone rather than an A Zone. 
 
As one would expect, development standards that apply to areas in a V Zone are more 
rigorous than those that apply in an A Zone. Buildings not only must be elevated but 
their foundations must be made of pilings or columns that allow passage of water and 
waves. Foundations must be strong enough to withstand battering from waterborne 
logs and debris. Walls enclosing such foundations must be designed to break away in 
the event of a flood.9 
 
An especially hazardous form of ocean flooding is wave overtopping, in which a large 
wave spills over the crest of a dune, bank or shoreline protective structure. The milder 
form of this event, splash overtopping, may cast relatively small amounts of saltwater 
and spray on structures and areas at the crest of the bank. A much more hazardous 
event, greenwater overtopping, may bring large volumes of seawater over the crest, 
damaging structures and flooding areas behind the crest. 
 
Large winter storm waves generally break initially at some distance offshore. But after 
such a wave first breaks, it re-forms, breaks again, and so on, moving through the surf 
zone and eventually coming onto shore as “swash” or “wave runup.” It is this re-formed 
wave that washes onto – and sometimes over – shorefront structures. 
 
The likelihood that a wave will overtop a shorefront protective structure depends on 
several variables. The most important are the height of the structure and a combination 
of variables that we’ll call the wave height factors: the main factors are height of the 
runup, height of tide, and storm surge (all measured against a standard reference 
elevation). The diagram on the next page shows how total water level is calculated.10 
Note that “R,” wave runup, is calculated using a number of variables, such as deepwater 
wave height, that are not shown in the diagram. The reference elevation in this case is 
the North American Vertical Datum of 1988. 

                                                      
9
 2010 Oregon Structural Specialty Code, Section 1612.5.2, at p. 389 

10
 From Ruggiero, P.; Komar, P.D.; McDougal, W.G.; Marra, J.J.; and Beach, R.A., 2001. Wave runup, 

extreme water levels and the erosion of properties backing beaches. Journal of Coastal Research, 17(2), 

407-419, in PDF at http://www.csc.noaa.gov/cspPNW/waveRunup.pdf 

http://www.csc.noaa.gov/cspPNW/waveRunup.pdf
http://www.csc.noaa.gov/cspPNW/waveRunup.pdf
http://www.csc.noaa.gov/cspPNW/waveRunup.pdf
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If these factors combine to produce a wave higher than a shoreline protective structure 
or natural bank behind a beach, then wave overtopping occurs. If the wave reaches 
heights more than twice as high as the structure or bank, greenwater overtopping 
occurs.  
 
For example, suppose that a certain riprap revetment is 15 feet high, and runup, tide 
and storm surge together total 14 feet. In this case, waves will not overtop the riprap. 
But if we change the example so that height of the wave factors totals 16 feet, some 
splash overtopping will occur. And if the wave has a height more than twice that of the 
riprap, we can expect greenwater overtopping.  The rule of thumb, then, is this: 

 If the ratio of wave height to structure height is less than 1.0, wave overtopping 
will not occur. 

 If the ratio of wave height to structure height is greater than 1.0 but less than 
2.0, splash overtopping will occur. 

 If the ratio of wave height to structure height is 2.0 or more, greenwater 
overtopping will occur. 

 
Ocean flooding is a hazard not only to buildings and infrastructure but also to natural 
resources. It may contaminate freshwater wetlands and water bodies, resulting in 
damage to wildlife habitat and to sources of drinking water.  
 

Coastal erosion and ocean flooding are inextricably linked. Erosion of beaches, dunes 
and spits at key locations can greatly increase the extent and severity of flooding. 
Because such erosion has been increasing along Tillamook County’s coast, it is likely that 
a growing number of structures and property along the coast will experience such 
flooding. Peter Ruggiero, an assistant professor in the OSU Department of Geosciences 
who has conducted extensive research on this topic, summarizes the problem thus: 
 

The rates of erosion and frequency of coastal flooding have increased over the 

last couple of decades and will almost certainly increase in the future. The 
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Pacific Northwest has one of the strongest wave climates in the world, and the 

data clearly show that it’s getting even bigger.11
 

 

 
 
 
 
 

 
 

A wave overtops the revetment in front of a Neskowin motel during a storm on January 5, 2008.  

Photo by Armand Thibault 

                                                      
11

 Dennis Newman. “Waves on the Oregon Coast Keep Getting Bigger” in NaturalOregon.Org, January 25, 

2010. http://www.naturaloregon.org/2010/01/25/waves-on-the-oregon-coast-keep-getting-bigger/ 

 

For more information on ocean flooding . . .  

Visit the Oregon Department of Land Conservation and Development’s Natural 
Hazard program website on “Floods” at 
http://www.oregon.gov/LCD/HAZ/floods.shtml 
 
See the website for “The National Flood Insurance Program,” Federal Emergency 
Management Agency at  http://www.fema.gov/plan/prevent/floodplain/index.shtm 
 

http://www.naturaloregon.org/2010/01/25/waves-on-the-oregon-coast-keep-getting-bigger/
http://www.oregon.gov/LCD/HAZ/floods.shtml
http://www.fema.gov/plan/prevent/floodplain/index.shtm
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6. Monitoring and Measuring Erosion 
 
Erosion of dune-backed and bluff-backed beaches has been systematically measured 
and recorded in Oregon for several decades. For example, researchers at the state 
Department of Geology and Mineral Industries (DOGAMI) have collected data and 
created maps of shifting shorelines in Tillamook County for many years. By periodically 
surveying beach elevations and distances in the same locations since the late 1990s, the 
researchers produced a series of “beach profiles” and “contour change plots” for four 
large sections of the county’s coastline. 
 
The selected profile locations are spaced evenly along the beach at intervals of about 
half a mile. Each shows a cross section of the beach extending from the low water line 
(“mean lower low water”) to the toe of the foredune. The profiles are measured every 
few months, and the resulting data are graphed to show a beach’s erosion or accretion 
over time – or both. This monitoring measures changes at various elevations – near the 
water’s edge, mid-way up the beach, along the toe of the dune, and so on. The cross-
sectional “profile” of those elevations at one point along a beach may show accretion of 
sand at lower elevations and erosion farther up on the beach. It therefore cannot be 
said that “the beach” is growing or eroding at this point. 
 
Here, for example, is “Nesk01,” a cross-sectional profile of the beach at the west end of 
McMinnville Street in Neskowin. Comparing the Summer 1997 and the Summer 2010 
data, one can see significant erosion at all contours (levels) of the beach.  
 



Tillamook County Coastal Erosion Hazards Framework Plan, Final Draft, June 10, 2011               Page 32 

As with all the monitoring locations, DOGAMI also provides a second diagram showing 
“contour change” at Nesk01. The first two charts show steady erosion at the higher 
elevations (five and six meters, near the toe of the dune), from 1998 to 2006. After 
2006, however, there’s no erosion at that elevation: the face of the dune was riprapped 
in 2006, preventing further erosion. The two lower contours (on the right side of the 
diagram) show a pattern of significant erosion from 1998 to 2006, with reduced erosion 
and more year-to-year variation after 2006. 
 

 
 

 
This monitoring of Tillamook County’s coast was started in the late 1990s, so the profiles 
typically reveal a 12- or 13-year record of movement. See the results at 
http://www.nanoos.org/nvs/nvs.php?section=NVS-Products-Beaches-Mapping   
Be sure to read the “Overview” tab at this website before proceeding to the charts for 
individual beaches. The explanation provided in “Overview” will make it easier to 
understand the complex charts. 
 
It is difficult to reach general conclusions about such a detailed set of data and charts. 
Even on the same beach, one profile may show considerable variation over time, 
growing seaward one year and receding landward the next. Likewise, two profiles at the 
same beach may be quite different, as one level of the beach remains stable while 
another erodes rapidly.  Such variation may be indicative of “hot spots” where rip-
current embayments cause rapid erosion. In spite of such variation, a few general 
observations may be made: 

http://www.nanoos.org/nvs/nvs.php?section=NVS-Products-Beaches-Mapping


Tillamook County Coastal Erosion Hazards Framework Plan, Final Draft, June 10, 2011               Page 33 

Nehalem Spit: The study area labeled “Nehalem Spit” has eight profiles along a five-mile 
stretch of beach extending from Neahkanie Beach (just north of Manzanita) to the 
southern tip of Nehalem Bay State Park. In its southern half, along Nehalem Spit, the 
beach has mostly receded since observations began there in 1998. In its northern half, 
near Manzanita, the beach has accreted up to 200 feet at some elevations. 
 
Rockaway Beach: This study area extends about six miles, from Nedonna Beach south to 
Barview. Its ten profiles show significant erosion in most areas during the 12 years of 
observation. Recession in excess of 200 feet is common, and it exceeds 400 feet in some 
places. 
 
Bayocean Spit: This study area has seven profiles over the four-mile length of the 
Bayocean Peninsula, from its northern tip to the southern base near Cape Meares. The 
northern part has experienced significant accretion in the past 12 years, with some 
profiles showing 200 feet of seaward growth. The southern part reveals a mixed history, 
with erosion up to 100 feet in some areas, and moderate accretion in a few others. 
 
Neskowin: This study area reaches about seven miles from Cape Kiwanda on the north 
to Proposal Rock at Neskowin on the south. It corresponds roughly with the Nestucca 
littoral cell.  The 15 profiles along this beach indicate a wide variety of conditions. 
Several profiles in the northern part of the cell, along the beach at Pacific City and Bob 
Straub State Park, show significant accretion. In the southern part of the cell, the 
profiles tell a much different story – one of significant and increasing erosion over the 
12 years of observation. Several of the Neskowin profiles show landward recession in 
excess of 200 feet. 
 
The pattern of erosion and accretion along the main beaches of Tillamook County are 
shown graphically in the following two summary charts of DOGAMI’s observations in 
recent years.  
 
This first diagram summarizes change in volumes of sand (in cubic meters) for the 
northern half of the county. Areas above the zero line (which appear on-screen in blue) 
indicate beaches where sand volume has been increasing – that is, accretion. Areas 
below the zero line (which appear on-screen in red) indicate beaches where the volume 
of sand has been diminishing: i.e., erosion. Note the significant erosion that has 
occurred along Rockaway Beach. 
 
The second diagram (below) focuses on the Neskowin (a.k.a. Nestucca) littoral cell, from 
Cape Kiwanda to Cascade Head. The diagram indicates the horizontal distance in meters 
that the beach has moved either landward or seaward from the beach’s baseline 
position in 1997. For each profile, there is a dot showing the position of the beach as 
observed in the years 1998, 2002, 2006 and 2008. Where a dot appears above the zero 
line, the beach has moved seaward: the beach is growing. Only profile number 8, just 
south of the Nestucca Bay mouth, shows such growth. Where a dot appears below the 
zero line, the beach is eroding and retreating landward. Note that in profiles 1 and 4, at 
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Neskowin, the beaches retreated approximately 50 meters (164 feet) during the decade 
of observations. 
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In 2007 DOGAMI published a detailed analysis of the first ten years of data from their 
observations at Neskowin.12 It reported this: 

The beaches remain in a state of net deficit compared to their condition in 1997, with 

the estimated loss of sand as of June 2006 being on the order of 1 to 1.5 million m
3
 (1.3 

to 2.0 million yd
3
) of sand. Whether the beach recovers fully and how long it takes 

remain important scientific and management questions, which will be answered as the 

beaches are monitored. (p. 1) 

[M]uch of the shore between Neskowin and the Nestucca estuary mouth will probably 

continue to be highly susceptible to major storm erosion events and will likely remain 

so until sand from the north end of the [littoral] cell has returned to the south. (p. 16) 

 
 
 
 
 

 
 

                                                      
12

 Allan, Jonathan C., and Roger Hart.  Assessing the temporal and spatial variability of coastal change 

in the Neskowin littoral cell: Developing a comprehensive monitoring program for Oregon beaches.  

Portland, Oregon Department of Geology and Mineral Industries, 2007.  31 pp. 

 

For more information on coastal erosion and related hazards . . .  

Visit the website of the Oregon Department of Land Conservation and 
Development’s Ocean and Coastal Management Program (OCMP), “Shoreland 
Processes and Hazards,” at 
http://www.oregon.gov/LCD/OCMP/ShorHaz_Intro.shtml 

See Oregon Department of Geology and Mineral Industries (DOGAMI) website on 
“Geologic Hazards on the Oregon Coast” at 
http://www.oregon.gov/DOGAMI/earthquakes/Coastal/CoastalHazardsMain.shtml 

See the Environmental Protection Agency (EPA) website on Coastal Zones and Sea 
Level Rise:  http://www.epa.gov/climatechange/effects/coastal/  This site presents 

readable explanations of various coastal processes as well as useful links to other websites. See 
references cited near the end of the webpage. 

Check the Surfrider Foundation’s State of the Beach Report for Oregon, “Oregon 
Erosion Response,” at  http://www.surfrider.org/stateofthebeach/05-
sr/state.asp?zone=wc&state=or&cat=er 
 
See the West Carolina University Coastal Hazards Information Clearing House, 
Learn About Coastal Hazards, 2005: 
http://www.wcu.edu/coastalhazards/libros/index.html 

Of the 10 chapters presented, Chapter 5 is probably the most useful, but all are informative. 

http://www.oregon.gov/LCD/OCMP/ShorHaz_Intro.shtml
http://www.oregon.gov/DOGAMI/earthquakes/Coastal/CoastalHazardsMain.shtml
http://www.epa.gov/climatechange/effects/coastal/
http://www.surfrider.org/stateofthebeach/05-sr/state.asp?zone=wc&state=or&cat=er
http://www.surfrider.org/stateofthebeach/05-sr/state.asp?zone=wc&state=or&cat=er
http://www.wcu.edu/coastalhazards/libros/index.html
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7.  Development in Erosion-Prone Areas 
 
The type, location and extent of development along the coast in Tillamook County 
affects risk from coastal erosion and related hazards in three major ways. 
 
First, development in areas subject to coastal erosion increases a community’s exposure 
and sensitivity to coastal hazards. Adaptation, through measures such as stronger 
building code requirements in hazard-prone areas, can help somewhat, but the 
development in harm’s way increases a community’s vulnerability to coastal hazards in 
any case. 
 
Second, development of beach houses, hotels, restaurants and other tourist attractions 
along eroding beaches areas draws with it the support services and infrastructure 
needed to service the coastal community. Sewers, water systems, police, fire protection 
and other critical facilities become more vulnerable by being extended into hazard-
prone areas. This matter is address in detail later in this plan, in Chapter 10 titled 
“Systems Most Vulnerable to Coastal Hazards.” 
 
Finally, greater development in coastal areas also is followed by more extensive 
construction of shoreline protective structures such as jetties and revetments. Some of 
these structures, while serving their primary purpose of protecting various forms of 
shoreline development, also may bring harmful, albeit unintended, consequences. They 
may redirect erosion to unprotected areas, increase the extent of erosion, or reduce the 
effectiveness of natural erosion protection that is provided by broad sandy beaches.  
 
With regard to jetties, their sometimes dramatic effect on coastal erosion has been long 
observed and well documented. Oregon’s Department of Geology and Mineral 
Industries describes the situation thus: 

The most significant historical shoreline changes identified in Tillamook County has 

(sic) occurred in response to humans, particularly as a result of jetty construction during 

the early part of last century. In particular, jetty construction has had a dramatic 

influence on the morphology of Bayocean Spit. For example, erosion in the vicinity of 

the Cape Meares community has resulted in the coastline retreating by some 850 ft 

since 1927. However, erosion at Cape Meares appears to have stabilized since the 

construction of the south jetty. In contrast, erosion from jetty construction has been 

much less along the Rockaway-Manzanita beaches.
13 

 
It is, however, unlikely that major new jetties will be constructed in Tillamook County. 
The county’s largest rivers now have jetties at the north and south sides of their 
mouths. Although those jetties continue to exert some effect on coastal erosion, 
construction of new jetties need not be considered a significant factor in this plan. 
 

                                                      
13

 Jonathan C. Allan and George R. Priest.  Evaluation of coastal erosion hazard zones along dune and 

bluff backed shorelines in Tillamook County, Oregon: Technical report to Tillamook County, Portland, 

Oregon Department of Geology and Mineral Industries, 2001, p. iv. 
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The situation is different, however, with regard to another type of shoreline protective 
structure: the revetment. Construction of revetments in Tillamook County jumped after 
the major erosion from the 1997-1998 winter storms. Today, the county has about 
21,500 feet (4 miles) of armored shoreline,14 with the longest stretches along beaches in 
Rockaway Beach and Neskowin. 
 
Current state law limits construction of shoreline protective structures. Generally, they 
are permitted only where necessary to protect property “where development existed 
on January 1, 1977,” and in areas exempted from Goal 18, Beaches and Dunes, by an 
exception to that statewide planning goal.15 In Tillamook County, several large expanses 
of sandy coast remain that are unarmored now but probably would be eligible for such 
armoring in the future. 
 
These statistics raise several questions: 

 Is the sudden increase in revetment construction in Tillamook County after 1998 
a one-time “spike” or does it indicate the beginning of a trend? 

 How much additional revetment construction might the county expect if 
increases in ocean wave heights and sea level threaten a larger number of 
shoreline properties? 

 Would construction of additional revetments cause significant narrowing and 
erosion of beaches in Tillamook County? 

 Is revetment construction in response to naturally occurring beach erosion a 
significant public policy concern? 

 
These questions are not easily answered. To find at some partial answers, we address 
the topic of revetments and related shoreline protective structures in the next part of 
this chapter. 
 

Recently armored shoreline at Neskowin, April 2010.  
 

                                                      
14

 Data from Jonathan Allan, DOGAMI, in an email message from Jonathan Allan to Mitch Rohse, 

February 4, 2011. 
15

 The quoted passage is from Statewide Planning Goal 18, Beaches and Dunes. 
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7.1  Shoreline Protective Structures 

Beaches are dynamic systems in constant motion. The direction or extent of a beach’s 
motion varies with local conditions, of course. Some beaches prograde, or advance 
seaward, because sand is accreting (accumulating) there. More often, however, beaches 
recede, migrating landward as if to escape the relentless pounding of the waves. Such a 
retreat erodes property and may damage or destroy houses and other structures built 
along the shore. A common response to that problem is to “armor the beach” – that is, 
to build a structure to block the beach’s landward migration. 
 
Such “shoreline protective structures” are of three main types:  seawalls, bulkheads, 
and revetments. Seawalls typically are made of concrete, with the wall presenting a flat 

vertical face toward the 
sea. A few are built with a 
concave face, which is 
intended to direct some of 
the waves’ impact upward 
and thus reduce scouring of 
sand at the toe of the 
structure. At left is a photo 
of a seawall at Nelscott, in 
Lincoln City. 
 
Bulkheads are vertical 
retaining walls often made 
of concrete blocks, wood or 
steel. The simplest ones 
consist of posts driven into 
the sand and then backed 
with horizontal planks. 
Some bulkheads are 
“gravity structures,” walls 
that derive their strength 
largely from the mass of 
their components – 
concrete blocks, for 
example. Large bulkheads 
may be built with steel 
plates driven into the sand 

by heavy equipment.  Generally, seawalls keep water and waves out, while bulkheads 
hold sand or soil in – keeping the front yard of a beach house from sloughing onto the 
beach, for example. Both types of structures may serve a dual purpose, blocking waves 
and impounding sand, but most bulkheads cannot withstand frequent buffeting from 
large waves. 
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Revetments are stone facings or barriers placed along the front of a dune or a beach’s 
upper slope. Along the Oregon coast, the most common type of shoreline protective 
structure is a type of revetment called riprap. This type of coastal armor consists of large 
rocks, often weighing several tons, placed along the face of a dune or bluff. Unlike 
seawalls and bulkheads, which are vertical, riprap revetments slant away from the 
ocean at a fairly shallow angle (less than 35 degrees from horizontal). This slanting and 
the coarse texture of the rocky face cause riprap to absorb some wave energy rather 
than reflect it, as seawalls and bulkheads do. 

 
The effectiveness of riprap depends on its design, the size and quality of its rock, and 
the manner in which the rock is placed. Although riprap sometimes has been “installed” 
simply by backing a truck up to the beach and dumping rock there, most riprap today is 
“engineered.” That is, the riprap is carefully set in place one rock at a time by an 
excavator to form an interlocking surface, as shown in the photo above. In addition, the 
toe of the structure is extended deep into the sand, often down to bedrock. Drainage 
cloth and one or more gravel base layers are then topped with the largest, individually 
placed rocks. Riprap usually is designed to have a slope of 1 ½: 1 or 2:1. The number 
before the colon refers to horizontal distance; the number after refers to height. Riprap 
with 2:1 slope thus, in cross section, is twice as thick at its base as it is high. 
 
Although riprap may appear to be indestructible – a permanent solution to the sea’s 
attack on beachfront properties – it is not. The same storm waves that throw massive 
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logs about like matchsticks are also quite capable of dislodging multi-ton boulders from 
riprap. This coastal “armor” therefore needs continual maintenance and repair. The life 
of a riprap revetment depends on many variables, such as design of the structure and 
the intensity of storms that attack it. The “design life” of such a structure typically is 20-
25 years,16 but it is not uncommon for riprap revetments to fail long before that. 
 
Shown on the next page are “before” and “after” photos of riprap at South Beach in 
Neskowin. The upper photo, taken on April 12, 2010, shows old riprap in poor 
condition.  The uneven, jumbled appearance of the old riprap is the result of many years 
of wear and perhaps of poor installation methods. The lower and larger photo, taken on 
September 29, 2010, shows new riprap installed in 2010.  

 

                                                      
16

 Gary B. Griggs, “Responding to Oregon’s Shoreline Erosion Hazards: Some Lessons from California,” 

in Coastal Natural Hazards, edited by James W. Good and Sandra S. Ridlington, Oregon Sea Grant, 

Oregon State University, Corvallis, OR, 1992 

Old riprap in disrepair 

New riprap on same bank, Sep 2010 
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7.2  Scour 

A common problem with shoreline protective structures is scour, a washing away of 
sand and rock at the base of the structure. Scour is caused by the action of waves 

rebounding from the 
structure. To keep waves 
from undermining the 
structure, the toe of the 
revetment or seawall 
typically extends well 
below the surface of the 
beach, often down to 
bedrock. This photo of 
the seawall for the Inn at 
Spanish Head in Lincoln 
City shows how sand has 
been scoured away from 
the toe of the structure 
by winter storms. The 
photo was taken in April 
2010. By autumn of 
2010, sand covered the 
base of the seawall, as 
the beach demonstrated 
its usual cycle of losing 
sand in the winter and 
having it restored in the 
summer. 
 
Riprap resting on sand 
rather than bedrock 
eventually settles. In 

doing so, the toe of the structure is likely to move seaward, increasing the odds that it 
will be undermined by scour. 

 
7.3  The Price of Protection 

Each proposal to build a new shoreline protective structure brings with it an old 
question: Will the new structure – usually riprap – cause significant erosion of the 
beach? Does this construction to protect coastal property mean destruction of the 
beach? The question is asked because many miles of beach in the US have narrowed or 
disappeared after their shorelines were armored with seawalls and revetments. 

 
There is considerable anecdotal and historical evidence to support the general 
proposition that shoreline protective structures often contribute to beach erosion. But 
the general proposition offers no precise answer to the question of how much a specific 
structure in a specific place might erode the beach there. 
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Coastal armoring can cause beach erosion in three main ways: passive erosion (or 
outflanking); active erosion; and sand impoundment. 
 
Passive Erosion: Coastal armoring blocks the usual landward recession of sandy 
beaches. If some parts of a receding beach are armored while others are not, the 
armored properties remain fixed in one place, while the beach continues to migrate 
landward in the places where it encounters no structures. Eventually, the beach in front 
of the shoreline protective structures disappears beneath the waves in the process 
called passive erosion or outflanking. The latter term is less common but perhaps more 
accurate, since the structure itself does not cause erosion of the beach. In this photo, 
for example, the unarmored land on either side of the riprapped property continues to 
recede, while the armored home site becomes a small headland, outflanked by the 
landward-moving sand and sea. This “passive erosion” leaves the armored property with 
no beach in front of it.17  

 
Active Erosion:  Depending on their position in the surf zone, hard shorefront structures 
may reflect some wave energy back onto the beach. That in turn may increase the 
erosive force of the waves, causing them to scour sand away from the base of the 
structure and wash it out to sea, thus causing active erosion. The extent of such erosion 
varies from one beach to another. In the words of one researcher, “the debate about 
the effect of seawalls on beaches has not been fully resolved,” so further study of active 
erosion remains to be done.18 

                                                      
17

 Photo from page 10 of Climate Ready Communities: A Strategy for Adapting to Impacts of Climate 

Change on the Oregon Coast, Department of Land Conservation and Development’s Ocean and Coastal 

Management Program, August 2009, at 

http://www.oregon.gov/LCD/docs/publications/climate_ready_communities.pdf 
18

 Peter Ruggiero, “Impacts of Shoreline Armoring on Sediment Dynamics,” in Shipman, H., Dethier, M.N., 
Gelfenbaum, G., Fresh, K.L., and Dinicola, R.S., eds., 2010, Puget Sound Shorelines and the Impacts of 

http://www.oregon.gov/LCD/docs/publications/climate_ready_communities.pdf
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Sand Impoundment: Shoreline protective structures enclose sand or sand-producing 
materials on their landward side, a process called sand impoundment. On some 
beaches, such impoundment eliminates an essential source of sand needed to replace 
that eroded by the sea. With its sand supply thus reduced, the beach diminishes. 
 
“End erosion” or “end effect” is a special case. It is beach erosion observed at either end 
of a shoreline protective structure. If a shoreline has been receding rapidly, the 
disjunction between the protected and unprotected area may be quite prominent. 
Some people see this as “active erosion” caused by the shoreline protective structure. 
Others consider it “passive erosion,” natural erosion that would have occurred on the 
unprotected properties in any case, even if no protective structure had been built.  
 
Of the processes described above, the greatest controversy centers on the assertion 
that armoring causes significant active erosion in front of the structures. A recent NOAA 
report, for example, says, “Many people feel that seawalls initiate active erosion and are 
therefore detrimental to coastal environments, yet recent investigations may suggest 
otherwise.” 19 Two extensive examinations of beaches in California found little 
difference in the extent of active erosion at armored and unarmored beaches. 
 
Proponents of shoreline protective structures also argue that any beach erosion 
resulting from coastal armoring can be corrected by measures such as beach 
nourishment, and they assert that benefits from the structures often outweigh costs 
from beach erosion. 
 
The US Army Corps of Engineers takes the middle ground in the discussion, saying this 
about revetments: 

Most revetments do not significantly interfere with transport of littoral drift. They do 

not redirect wave energy to vulnerable unprotected areas, although beaches in front of 

steep revetments are prone to erosion. Materials eroded from the slope before 

construction of a revetment may have nourished a neighboring area, however. 

Accelerated erosion there after the revetment is built can be controlled with a beach-

building or beach-protecting structure such as a groin or a breakwater.
20

 

 
Opponents of shorefront protective structures are adamant that such structures 
inevitably harm beaches wherever the structures are built. Perhaps the best known and 
most outspoken of those opponents is Orrin Pilkey, James B. Duke Professor Emeritus of 
Earth Sciences at Duke University. He says:  

                                                                                                                                                              
Armoring—Proceedings of a State of the Science Workshop, May 2009: U.S. Geological Survey Scientific 
Investigations Report 2010-5254, p. 179-186. 
19 

The studies (one by Kraus and McDougal in 1996, the other by Griggs et al in 1994 and 1997) are 

described on page 10 in The Impacts of Coastal Protection Structures in California’s Monterey Bay 

National Marine Sanctuary, NOAA, February 2005, at 

http://sanctuaries.noaa.gov/special/con_coast/stamski.pdf   
20

 From the Corps’ Coastal Engineering Manual (available only on-line), “Revetments,” at 
http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;141&g=41 

http://sanctuaries.noaa.gov/special/con_coast/stamski.pdf
http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;141&g=41
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On an eroding shoreline, hard structures such as riprap seawalls cause beaches to 
disappear. It doesn’t matter whether the structure is wood, steel or rock, any beach 
retreating against any fixed object will eventually disappear.21 

 
We thus encounter considerable difference of opinion and conflicting evidence about 
the impact of armoring on beaches. Clearly, extensive armoring has indeed eroded some 
beaches, eventually causing them to disappear. The millions of dollars spent on beach 
replenishment in Florida and Hawaii attest to that. Whether coastal armoring destroys 
beaches in every case seems far less certain. 
 
We conclude here that shoreline protective structures simply are one among several 
factors that contribute to beach erosion.  Geologist Jonathan Allan, PhD, Coastal Section 
Leader for the state’s Department of Geology and Mineral Industries, puts it this way: 
“My overall impression on the potential effects of structures is that the changes taking 
place at various sites on the Oregon coast associated with the natural process of erosion 
and dune retreat are dwarfing any ‘end effect’ or erosion due to scour, simply because 
the forces associated with large waves, coupled with high tides and El Niños, coupled 
with the development of rip embayments, dominate erosion processes on the Oregon 
coast and hence are the primary force of change.”22 
 
Of course, the potential beach-eroding effects of shore protective structures are not the 
only issues surrounding the structures. Armoring of the coast also is likely to reduce 
public access to the beach. It endangers people and pets walking on the beach who find 
themselves trapped between incoming waves and a wall they cannot ascend. Armoring 
alters and may adversely affect coastal resources such as wildlife habitat and wetlands. 
It may be unsightly. Finally, the structures themselves often displace large areas, thus 
narrowing the sandy beach. For example, a revetment 100 feet long and 20 feet high, 
with the common slope of 1.5: 1, may extend up to 30 feet seaward from the toe of a 
dune or bluff, thereby displacing 3,000 square feet of sandy beach. This is referred to as 
placement loss.23 
 
For all these reasons, most coastal states (including Oregon) regulate development of 
new shoreline protective structures. A typical regulation allows new armoring to be built 
only where it is needed to protect existing development. Approval usually is conditional: 
that is, the armoring structures must satisfy various conditions regarding size, slope, 
height, type of materials, etc. Maine and North Carolina are reported to “prohibit” 

                                                      
21

  Orrin H. Pilkey and Andrew S. Coburn, “Beaches or Buildings: It’s Your Choice ,” Duke University 

Program for the Study of Developed Shorelines, in an undated letter written in 2010 in response to an 

inquiry from a resident of Neskowin 
22

 Jonathan Allan, in an email message of August 2, 2010, to the Neskowin Coastal Hazards Committee 

23 
Such issues were addressed in the recent USGS publication Puget Sound Shorelines and the Impacts of 

Armoring Proceedings of a State of the Science Workshop, May 2009, edited by Hugh Shipman, 

Washington State Department of Ecology; Megan N. Dethier, University of Washington; Guy Gelfenbaum, 

U.S. Geological Survey; Kurt L. Fresh, National Oceanic and Atmospheric Administration; and Richard S. 

Dinicola, U.S. Geological Survey, at  http://pubs.usgs.gov/sir/2010/5254/ 

http://pubs.usgs.gov/sir/2010/5254/


Tillamook County Coastal Erosion Hazards Framework Plan, Final Draft, June 10, 2011               Page 45 

construction of new shoreline protective structures.24 It seems likely, however, that the 
prohibitions contain at least some exceptions. 
 

Oregon’s Statewide Planning Goal 18, Beaches and Dunes, declares, “Permits for 
beachfront protective structures shall be issued only where development existed on 
January 1, 1977.” “Development,” however, is defined broadly, and the goal also allows 
for certain exceptions. The net result is that permits continue to be granted for new 
shoreline protective structures. 
 
Goal 18 goes on to set four criteria for the review of permit applications for new “shore 
and beachfront protective structures”: 

“(a) visual impacts are minimized; 
 (b) necessary access to the beach is maintained; 
 (c) negative impacts on adjacent property are minimized; and 
 (d) long-term or recurring costs to the public are avoided.” 
 

Permits for new shorefront protective structures are administered by the Oregon Parks 
and Recreation Department (OPRD), under the Ocean Shores Program, at 
http://www.oregon.gov/OPRD/RULES/oceanshores.shtml 
 

                                                      
24

 Gary B. Griggs, “California’s Coastal Hazards Policies: A Critique,” in Coastal Natural Hazards, edited 

by James W. Good and Sandra S. Ridlington, Oregon Sea Grant, Oregon State University, Corvallis, OR, 

1992, p. 134 

http://www.oregon.gov/OPRD/RULES/oceanshores.shtml
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7.4  Other Activity in Erosion-Prone Areas 

Other than the development and construction activities described above, there are 
several other human activities that can increase coastal erosion and hazards. They 
include defacing of sandstone bluffs, faulty drainage and runoff control methods, 
extensive removal of driftwood, and sand mining. Such activities can accelerate erosion 
at any given site. Their effects, however, are highly localized and thus are probably not 
as significant as the other forces and factors discussed above.  This is not to say that the 
county condones activities such as that pictured below. 

Jimmy may ♡ Jessica, but the owner of the property above this bluff in Lincoln City will not ♡ Jimmy’s 

handiwork, which hastens erosion and undercutting of the bluff.  Photo by Louann Rohse 
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8. Climatic and Geologic Forces 
Affecting Erosion 

 
The frequency, extent and impact of coastal erosion hazards at any given place depend 
on an array of climatic and geologic variables such as storm-wave height, tide, and 
landform. For example, a winter storm with significant deep-water wave heights of 20 
feet during a low tide may have little effect on a beach backed by dunes. In contrast, a 
storm with the same wave heights during a high tide might cause harmful erosion to the 
same beach and damage structures on the dune. To develop an effective plan for 
dealing with coastal hazards, then, we need to understand the main variables – the 
forces and factors affecting coastal erosion. 
 
The large number of these variables complicates our task. The work is made even more 
difficult by the fact that some of them change from hour to hour (tides, for example) 
and some of them are undergoing long-term changes that are difficult to predict. For 
example, sea level is rising, so the same type and size of storm that causes little erosion 
or damage in 2012 could cause significant erosion and damage in 2032, simply because 
sea level then will be higher. 
 
A further complication is that the 
long-term changes in some 
variables are not occurring in an 
orderly, straight-line trend. Some 
appear to be accelerating, others 
are cyclical, and still others 
exhibit no identifiable pattern. 
 
This lack of predictability means 
that for some variables we 
cannot rely on straight-line 
projections from past events and 
conditions to predict our future. 
Rather, we can only make 
informed estimates, often 
expressed in terms of 
probabilities. 
 
The most significant forces and 
factors for Tillamook County are 
described in this section, roughly 
in order of their significance with 
regard to coastal erosion and 
hazards in our county. 
 

Our changing coast 

“The changing climate will likely have significant 
impacts along the coast and estuarine shorelines of 
Oregon. Changes associated with global climate 
change include rising sea levels, storminess, rising 
water temperatures and ocean acidification. The 
impacts of these changes include increased erosion, 
inundation of low lying areas and wetland loss and 
decreased estuarine water quality. Impacts from 
coastal erosion and flooding are already affecting the 
Oregon Coast . . . , and are an analogue for future 
climate change impacts. Beach elevations have been 
lowered as a result of extreme waves, and many 
beaches have seen little post-storm recovery in the 
intervening years. Coastal infrastructure will be under 
increased risk of inundation and damage under a 
changing climate with impacted sectors including 
transportation and navigation, shore protection and 
coastal flood structures, water supply and waste and 
stormwater systems, and recreation, travel and 
hospitality.” [Emphasis added] 

 
K.D. Dello and P.W. Mote, editors, Oregon Climate 
Assessment Report, Executive Summary, Oregon 
Climate Change Research Institute, Dec. 2010, p. 18 
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This categorizing and ranking of forces and factors is both general and subjective. One 
could readily argue, for example, that the first three items below are all too inter-
related to be considered separate variables. Our selection of these particular variables is 
based mainly on distinctions made in the scientific literature. As for our rough ranking of 
the variables by their countywide impact and significance, it too derives from comments 
and judgments in the scientific literature, such as this: 

Model results suggest that if decadal-scale increases in storm intensity (wave height) 

continue into the future, this process will have a greater impact on increasing the 

probability of coastal hazards, via the relationship between wave height and wave 

runup, than even relatively high estimates of relative sea level rise (RSLR) rates over 

the next century. RSLR appears to be more important to potential hazards than an 

increase in the frequency of major El Niño events (from approximately one to two 

events per decade). The combined effect of each of these climate controls operating 

simultaneously is predicted to increase erosion/flood frequency by as much as an order 

of magnitude for some beach slopes and dune crest elevations.
25

 

 

Climatic and Geologic Forces Affecting Coastal Erosion 

Deepwater Wave Height 
Relative Sea Level (RSL) Rise 
El Niño/La Niña Southern Oscillation (ENSO) 

 
Rip Current Embayments 
Astronomical Tides 
Storm Surge  
Winter Storm Frequency 
 

Vertical Land Movement 
Sediment Supply 
 
 

Subduction Zone Earthquakes 
Tsunamis 
 
 

                                                      
25

 Peter Ruggiero. “Impacts of Climate Change on Coastal Erosion and Flood Probability in the US Pacific 

Northwest.”  Proceedings of Solutions to Coastal Disasters 2008, Oahu, HI 

 

Major Forces of 
Increasing Importance 

Significant Forces of 
Ongoing Importance 

Lesser Forces of 
Varying Importance 

Wild Cards: 
Unpredictable Forces  
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8.1  Deepwater Wave Height 

This is one of the most important factors affecting coastal erosion. It also is one of the 
most rapidly changing factors: winter wave heights in the Pacific Northwest have been 
increasing dramatically for the past several decades, and that trend is expected to 
continue. 
 
The basic relationship between deepwater wave heights and coastal erosion is 
straightforward: the larger the waves, the greater the erosion and the greater the 
potential for damage to coastal structures, resources and infrastructure. Researchers 
generally focus on two aspects of wave height: significant wave height or SWH (an 
average of heights of the largest one-third of waves occurring at a given deepwater 
location), and largest wave heights. The largest waves typically are about 1.8 times the 
significant wave height.26 
 
Wave height is a function of three main variables: wind speed, wind duration, and fetch 
(the extent of ocean across which the winds blow). Winter winds blowing toward our 
coast from the north Pacific and Gulf of Alaska typically have high speed, long duration, 
and thousands of miles of fetch, a combination that produces very large waves.  
 
Projections of future wave heights are expressed in terms of probability of occurrence. 
For example, a “25-year SWH” means a significant wave height that could be expected 
to occur once in 25 years. A “100-year SWH” means a significant wave height likely to 
occur only once in a 100 years. A 100-year wave would be both larger and less likely to 
occur than a 25-year wave. 
 

A US Coast Guard vessel approaches a 20-foot high wave near the Columbia River bar. Photo  

from NOAA, at http://www.noaa.gov/features/03_protecting/oregonwaves.html 

 

                                                      
26

 Komar, Paul D. “Ocean Processes and Hazards along the Oregon Coast,” Oregon Geology, Volume 54, 

Number 1, January 1992, p. 6. (PDF on-line at  http://www.oregongeology.org/pubs/OG/OGv54n01.pdf) 

http://www.noaa.gov/features/03_protecting/oregonwaves.html
http://www.oregongeology.org/pubs/OG/OGv54n01.pdf
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Recent study by scientists at the Oregon Department of Geology and Mineral Industries 
and at Oregon State University indicates that annual significant wave height averages 
and maxima have been increasing for several decades and continue to increase. The 
researchers conclude that “the annual averages of deep-water significant wave heights 
(SWHs) have increased at a rate of approximately 0.015 m/yr [0.05 ft/yr] since the mid-
1970s, while averages of the five highest SWHs per year have increased at the 
appreciably greater rate of 0.071 m/yr [0.23 ft/yr.].”27  
 
In other words, heights of the largest waves have been growing at an average rate of 
almost 3 inches per year. OSU researchers observed what they describe as “a 
remarkably continuous increase in the rate of SWH increase.”28 
 
Prior to the 1990s, winter storms typically generated maximum wave heights of about 
25 feet, and it was thought that the extreme event – the 100-year wave height – would 
be about 10 meters (33 feet). During the winter of 1997-1998, however, multiple waves 
of 10 meters and higher were observed at offshore buoys. This prompted further study, 
which resulted in a better understanding of winter storm wave heights and new 
projections. The OSU researchers now estimate that “the 25-year SWH . . .  can be 
extrapolated to increase by approximately 2.4 m [7.9 ft] over the next 25 years, reaching 
a SWH of 15.6 m [51.2 ft].”29   
 
In addition to height, length, speed and period are also important characteristics of 
winter storm waves. 

 
Wave length is the horizontal distance 
between the highest parts of two successive 
wave crests, as shown in this diagram.  
 
The speed of a wave is equal to its wavelength 
divided by its wave period. A typical large 
deepwater wave off the Oregon coast would 
move at a rate of 12 meters per second or 
about 25 mph.30 
 
The period of a wave is the time it takes for 
two consecutive crests to pass the same point. 
Wave periods along the along the Oregon 
typically range from six to twenty seconds. The 
larger the waves, the greater the distance 
between their crests and the longer it takes for 

                                                      
27

 Ruggiero, Peter, Paul Komar and Jonathan Allan, “Increasing Wave Heights and Extreme Value Pro-

jections: The Wave Climate of the U.S. Pacific Northwest” in Coastal Engineering, Vol. 57, 2010, p. 539. 
28

 Ibid., p. 544. 
29

 Ibid., p. 547. 
30

 The rate at which the wave energy moves also is significant. In deep water, such energy moves at half the 

speed of the ocean waves. 

The above diagram is from the Office of Naval 
Research’s website on wave characteristics, at 
http://www.onr.navy.mil/focus/ocean/motion/
waves1.htm 

http://www.weather.com/glossary/w.html#wave
http://www.onr.navy.mil/focus/ocean/motion/waves1.htm
http://www.onr.navy.mil/focus/ocean/motion/waves1.htm
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each wave to pass a given point. When reports speak of long waves or long-period 
waves, then, they are referring to large, high-energy waves. 
 
The power of a wave is a function of the characteristics described above: the larger, 
faster and longer a wave is, the more energy it can release. The relationship, however, is 
not linear: “*W+ave power is proportional to the wave height squared, proportional to 
the square root of wavelength and linearly proportional to the wave period.”31 The key 
point here is that a wave’s energy (and hence its capacity to cause erosion and damage 
to structures) is proportional to the square of its height. A ten-foot wave thus is not 
twice as powerful as a five-foot wave. Rather, it is four times as powerful!32  The 
increasing height of winter storm waves off the Oregon coast thus is especially 
significant among the forces and factors that influence coastal hazards in Tillamook 
County. 
 
See diagram on next page for a description of breaking waves. 

                                                      
31

 Ted K.A. Brekken, Annette von Jouanne and Hai Yue Han, “Ocean Wave Energy Overview and 

Research at Oregon State University,” School of Electrical Engineering and Computer Science, Oregon 

State University, Corvallis, Oregon, 2010, at 

http://files.asme.org/asmeorg/NewsPublicPolicy/Newsletters/METoday/Articles/20814.pdf 
32

 The square of the five-foot wave’s height is 25. The square of the 10-foot wave’s height is 100. The ratio 

of 100 to 25 reduces to 4 to 1. 

http://files.asme.org/asmeorg/NewsPublicPolicy/Newsletters/METoday/Articles/20814.pdf
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As waves come ashore, they 

typically take one of the three 

forms shown here: surging, 

plunging, or spilling. The slope 

of the shoreline is the main 

determinant of the breaking 

wave’s form.  

 

In Tillamook County, most dune-

backed and bluff-backed shores 

are buffered by a sandy beach 

with a gentle slope on the order 

of 0.04 or 1 in 25. The waves 

breaking on such beaches thus 

tend to be “spilling breakers,” the 

third type shown in the diagram 

here, from the Office of Naval 

Research. See http:/ 

/www.onr.navy.mil/focus/ocean/

motion/waves2.htm 

 

A broad sandy beach acts a 

buffer, absorbing much of the 

breaking waves’ energy. Hence, 

such beaches are called 

“dissipative.” When a beach 

erodes and narrows, more wave 

energy gets transmitted to the 

dunes, bluffs, or structures that 

back the beach, increasing the 

risk of erosion and damage at the 

backshore. 

How breakers break . . .  

 
 

 
 

 

http://www.onr.navy.mil/focus/ocean/motion/waves2.htm
http://www.onr.navy.mil/focus/ocean/motion/waves2.htm
http://www.onr.navy.mil/focus/ocean/motion/waves2.htm
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8.2  Relative Sea Level (RSL) Rise 

The worldwide increase in sea level over the past several decades has been widely 
reported and well documented. The Intergovernmental Panel on Climate Change (IPCC) 
describes the increase in these words: 

Global average sea level has risen since 1961 at an average rate of 1.8 [1.3 to 2.3] 

mm/yr and since 1993 at 3.1 [2.4 to 3.8] mm/yr, with contributions from thermal 

expansion, melting glaciers and ice caps, and the polar ice sheets. Whether the faster 

rate for 1993 to 2003 reflects decadal variation or an increase in the longer-term trend is 

unclear.
33

 

 
The IPCC’s 2007 assessment goes on to project six scenarios for sea level rise by the end 
of this century. The most conservative scenario projects an increase of 0.18 to 0.38 
meters above levels observed during the last decade of the 20th century. The least 
conservative projects an increase of 0.26 to 0.59 meters.34 The IPCC’s projections 
therefore suggest that we can expect global sea level to rise this century by as little as 7 
inches (about the same as what occurred during the 20th century) and as much as 23 
inches. 
 
Many authorities regard even the highest of the IPCC projections as too low. For 
example, the Oregon Climate Change Research Institute says, “It is near certain that 
global mean sea level will increase, possibly by 2-4 feet by 2100.”35  Other credible 
projections range as high as 2m (6 ½ ft). For a discussion of the varied viewpoints among 
experts on this topic, see page 214 of the 2010 Oregon Climate Assessment Report at 
http://occri.net/wp-content/uploads/2011/01/OCAR2010_v1.2.pdf 
 
Increases in sea level by even a few feet over a century may sound trivial. For coastal 
beaches and low-lying areas, however, they are quite significant. Sandy beaches in 
Tillamook County typically have shallow slopes averaging 0.04 (4 units of vertical “rise” 
for every 100 units of horizontal “run”). All other things being equal, a one-foot rise in 
sea level will bring ocean waters 25 feet farther onto such a beach. The resulting 
increase in erosion and perhaps in flooding would by no means be trivial. 
 
The global rise in sea level is, of course, an averaging of conditions worldwide. To fully 
understand the impact of sea level rise at any given place, however, we need to 
consider local conditions. Measurements of relative sea level rise incorporate those key 
conditions. In Tillamook County several factors combine to make relative sea level rise 
quite significant. 
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 Intergovernmental Panel on Climate Change, Climate Change 2007: Synthesis Report (A Summary of 
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34

 Ibid., p. 8 
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Climate Change Research Institute, December 2010, p. 1  
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First, offshore waters here are typically colder and denser during the summer, and 
warmer and less dense during the winter.36 This counter-intuitive cycle results from 
seasonal changes in offshore currents and upwelling that bring colder waters to our 
coast during summer. Because winter waters off the Pacific Northwest are warmer and 
less dense, relative sea level rises during the winter, which unfortunately compounds 
the impact of winter storms. The difference between summer and winter water levels is 
significant: it averages 20 to 25 centimeters (8 to 10 inches).37 
 
Second, major El Niño events exacerbate the situation by making winter offshore waters 
even warmer, increasing thermal expansion, and thereby causing a greater rise in 
relative sea level. Sea level during an El Niño event thus is likely to be “10s of 
centimeters” higher than sea level during a non-El Niño winter.38 (Ten centimeters 
constitute roughly four inches.) 
 
Third, coastal land elevations near the sea sometimes rise or fall as a result of tectonic 
activity.  Sudden subsidence of as much as several feet already has been discussed 
above, in sections on earthquakes and tsunamis. But more gradual rising or falling also 
occurs, as tectonic plates flex and bend. When coastal lands rise faster than the level of 
the sea, they are said to be emergent. When they rise less rapidly than the sea or are 
falling, they are said to be submergent.  Researchers from OSU and DOGAMI say this: 

In brief, the southern one-third of the Oregon coast is tectonically rising faster than the 

eustatic [global] rise in sea level so its shores are emergent, whereas along most of the 

northern half of the Oregon coast the land-elevation changes have been small, so the 

measured rates of sea-level rise are close to the eustatic value, the result being that this 

stretch of shore is slowly submergent, being transgressed by the ocean.
39 

 
Coastal areas in Tillamook County are not rising as fast as sea level and thus are 
submergent. Sea level rise is outpacing land level rise by about one millimeter per year: 

It is apparent from the geomorphology of the coast and locations of communities which 

have experienced erosion, that the stretches of shore that are tectonically rising faster 

than the global rise in sea level (such as Crescent City) have been relatively immune 

from those hazards, while the areas that are not rising rapidly (such as in Tillamook 

County, Oregon) are those that have experienced the greatest impacts from erosion and 

flooding.” 40 

                                                      
36

 Paul D. Komar, Jonathan C. Allan and Peter Ruggiero. “Sea Level Variations along the U.S. Pacific 

Northwest Coast: Tectonic and Climate Controls.” Currently accepted by and in press at the Journal of 

Coastal Research. 2010, p. 3 
37

 Peter Ruggiero et al., “Impacts of Climate Change on Oregon’s Coasts and Estuaries” in K.D. Dello and 

P.W. Mote, editors, Oregon Climate Assessment Report, Oregon Climate Change Research Institute, 

December 2010, p. 219.  See also Paul D Komar, Jonathan C. Allan and Peter Ruggiero, 2011, “Sea Level 

Variations along the U.S. Pacific Northwest Coast: Tectonic and Climate Controls” in Journal of Coastal 

Research (currently at publisher). 
38

 Ibid., p. 4. 
39

 Paul D. Komar, Jonathan C. Allan and Peter Ruggiero. “Sea Level Variations along the U.S. Pacific 

Northwest Coast: Tectonic and Climate Controls.” Currently accepted by and in press at the Journal of 

Coastal Research. 2010, p. 3. 
40

 Peter Ruggiero et al., “Impacts of Climate Change on Oregon’s Coasts and Estuaries” in K.D. Dello and 

P.W. Mote, editors, Oregon Climate Assessment Report, Legislative Summary, Oregon Climate Change 

Research Institute, December 2010, p. 217  
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8.3  El Niño/La Niña Southern Oscillation (ENSO) 

El Niño and La Niña are the two main phases in a periodic shifting – an oscillation – of 
the usual climatic patterns and circulation of the equatorial Pacific. In terms of ENSO’s 
effect on Tillamook County and its offshore waters, El Niño is the warmer/wetter phase, 
and La Niña, the cooler phase. With regard to coastal hazards affecting the county, El 
Niño is the more critical phase, because a strong event brings an increase in ocean 
water levels41, more winter storms, and larger winter storm waves.42 Both the frequency 
and the intensity of El Niño events may be increasing, but the science on this point is by 
no means settled. No one knows for sure. 
 
ENSO events begin along the equator in the Pacific Ocean. During normal (that is, non-
ENSO) times, warmer waters pool in the southwestern Pacific, pushed there by trade 
winds from the northeast. Meanwhile, cooler waters reside in the eastern Pacific, along 
the coast of South America. The warm waters in the southwestern Pacific bring higher 
relative sea level, lower atmospheric pressure, and heavy rains. The eastern Pacific 
experiences cooler water temperatures, higher atmospheric pressure, drier weather, 
and upwelling. Upwelling is the rising of cold water from the ocean’s depths to the 
surface along the western coasts of the Americas. 
 
For reasons not yet fully understood, this pattern periodically shifts. The trade winds 
diminish or reverse, the eastern part of the equatorial Pacific grows warmer, and 
upwelling slows, bringing hard times to coldwater fisheries such as those along the 
Peruvian coast. The advent of such warm waters off Peru typically has occurred around 
Christmas, so Peruvian fishers named the event “El Niño,” after the Christ child. 
 
El Niño events occur every two to seven years and last six to eighteen months. They 
often cease abruptly, with a sudden reversal of circulation that brings colder-than-
normal water and air temperatures to the eastern equatorial Pacific. This is “La Niña.” 
An El Niño warming usually, but not always, is followed by a La Niña cooling. 
 
The strength of these oscillations varies. Effects from the lesser ENSO events are felt 
mainly along the equator, in southern Asia and western South America. The stronger 
events, however, can have significant effects on the Pacific northwest, especially in 
winter. Generally, El Niño brings us warmer sea temperatures, higher water levels, 
lower barometric pressures, and a shift in the direction of winter storm tracks. The 
result often is an increase in rainfall and in the size and number of winter storms. All of 
that in turn increases the risk of coastal erosion and flooding.43 In contrast, the briefer 
La Niña phase brings colder waters, lower water levels, and colder weather. 

                                                      
41

 OSU researchers report that the strongest El Niños bring an increase in water levels of up to 0.4 m (1.3 

ft). See Komar, Allan and Ruggiero’s “Sea Level Variations . . . ,” op. cit., p. 12. 
42

 Jonathan C. Allan and Paul D. Komar, Morphologies of beaches and dunes on the Oregon coast, with 

tests of the geometric dune-erosion model.   Portland, Oregon Department of Geology and Mineral 

Industries, 2005, p. 6 
43

 “The increase in rainfall often leads to landslides and the failure of coastal cliffs. Additionally, the 

increase in storms generates large waves that attack the coastline with a greater frequency than during non-

El Niño years. During the severe El Niño events of 1982-83 and 1997-98, extensive coastal erosion was 
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The powerful 1997-1998 El Niño contributed to winter storms and deepwater wave 
heights off the Oregon coast that at the time were considered “100-year” events – that 
is, conditions expected to occur only once every hundred years. 
 
During El Niño conditions in the Pacific northwest, winter storm tracks typically shift to 
the south. The usual track for storms arriving in Oregon is from the southwest and west, 
but the El Niño storms tend to come straight from the south. This produces a northward 
current that then is deflected toward shore by the Coriolis force.44 One result is an 
increase in erosion at the southern end of some littoral cells: the southern “hotspot” 
loses sand, while the northern end of the 
cell gains. This El Niño effect probably 
explains at least some of the erosion 
recently observed in Neskowin, at the south 
end of the Nestucca littoral cell, and the 
accretion of sand at Pacific City, at the 
north end.  
 
At the time of this writing, the most recent 
ENSO is in its La Niña phase, which is 
expected to last at least through the spring 
of 2011.45  See NOAA’s “El Niño Website” at 
http://www.elnino.noaa.gov/ for current 
ENSO conditions and forecasts. 
 
Although NOAA ‘s capacity to predict 
individual El Niño events is becoming more 
refined (see sidebar), long-term trends 
remain unknown. The Oregon Climate 
Change Research Institute states, “At 
present it is not known whether or not El 
Niño intensity and frequency will increase 
under a changing climate.”46 
 
In addition to El Niño/La Niña southern 
oscillation, there also exists a Pacific 
Decadal Oscillation (PDO) that affects 
climate and surface water temperatures off 

                                                                                                                                                              
recorded along the western coast of the United States.” USGS, at http://coastal.er.usgs.gov/hurricanes/extreme-

storms/elnino.html 
44

 Paul D. Komar, Jonathan C. Allan and Peter Ruggiero. “Sea Level Variations along the U.S. Pacific 

Northwest Coast: Tectonic and Climate Controls.” Currently accepted by and in press at the Journal of 

Coastal Research. 2010, p. 5 
45

  “El Niño/Southern Oscillation (Enso) Diagnostic Discussion,” National Weather Service’s Climate 

Prediction Center/Ncep/Nws, 6 January 2011, at  

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_advisory/ensodisc.pdf 
46

 K.D. Dello and P.W. Mote, editors, Oregon Climate Assessment Report, Oregon Climate Change 

Research Institute, December 2010, p. 209 

Predicting El Niño . . .  
“The largest El Niño in the twentieth century, 

in 1997-1998, had many effects around the 

world, such as torrential rains in California 

that caused widely reported mudslides, in 

which homes slid into the sea. The running 

joke on late-night TV in 1998 was to blame 

everything on El Niño. Effects of this El Niño, 

including the heavy rains across California, 

were correctly predicted by NOAA’s National 

Centers for Environmental Prediction six 

months in advance. As a result, overall 

property losses were a billion dollars less than 

what they had been for the previous large El 

Niño in 1982-1983. Today fairly accurate 

prediction of an El Niño six months to a year 

in advance has become possible using 

computer models that ingest millions of 

gigabytes of real-time data from instruments 

on buoys deployed across the Pacific Ocean. 

But even with this system we still cannot 

always correctly predict the specific effects of 

an El Niño for particular regions.” 

 

Bruce Parker, The Power of the Sea: 

Tsunamis, Storm Surges, Rogue Waves, and 

Our Quest to Predict Disasters. Palgrave 

MacMillan, New York, 2010, p. 206. (Dr. 

Parker is former chief scientist for the National 

Ocean Service.) 

http://www.elnino.noaa.gov/
http://coastal.er.usgs.gov/hurricanes/extreme-storms/elnino.html
http://coastal.er.usgs.gov/hurricanes/extreme-storms/elnino.html
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_advisory/ensodisc.pdf
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the coast of the Pacific Northwest. Although it bears a different name, it is essentially a 
low frequency modulation of ENSO. This oscillation occurs over a much longer cycle, 
typically 20 to 30 years. Over the past century, there have been roughly two complete 
oscillations – that is, 20-30 years of relatively cooler temperatures, then 20-30 years of 
warming, followed by another 20-30 years of cooling, and, most recently, several 
decades of warming. The PDO was only recently discovered and is not fully understood. 
Neither its extent nor its timing can be predicted.47 
 
 

                                                      
47

 National Weather Service’s Climate Prediction Center, at 

http://www.cpc.ncep.noaa.gov/products/outreach/glossary.shtml#CPC 

 

http://www.cpc.ncep.noaa.gov/products/outreach/glossary.shtml#CPC
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8.4  Rip Current Embayments 

Rip currents are “rivers” or “jets” of seawater returning to the ocean after waves break 
upon a beach. Rip currents are dangerous to unprepared swimmers, helpful to surfers 
seeking a ride out to the big waves offshore, and quite effective at carrying sediment 
from shore to sea. This last quality means that rip currents may cause rapid localized 
erosion, especially along dune-backed beaches. The indentations caused by such erosion 
are referred to as rip current embayments. 
 
Long sandy beaches may have a series of such embayments, producing a scalloped edge 
(a “cuspate shoreline”) revealed in aerial photos such as this one of Lighthouse Beach, 
New South Wales, Australia.  Six rip currents (marked by yellow arrows) are visible. 
Photo by AD Short from “Beach Recovery,” http://www.beachrecovery.com/wave-action 

 
Rip currents often are volatile: their position or strength can change quickly, and they 
sometimes appear and then disappear within a matter of hours. 48 But even a short-lived 
rip current can cause significant erosion. Their lack of predictability and power to erode 
                                                      

48
 NOAA’s website on the science of rip currents says: “Some shorelines are characterized by permanent 

rip currents which may be found in a fixed location such as a break in a reef or other hard structure. Some 

rip currents are persistent, lasting for many days or months in one location. Rip currents may also migrate 

along a stretch of coastline. Rip currents may also be ephemeral, forming quickly and lingering for a few 

hours or days before dissipating and disappearing.”   See http://www.ripcurrents.noaa.gov/science.shtml 

 

http://www.beachrecovery.com/wave-action
http://www.ripcurrents.noaa.gov/science.shtml
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beaches dramatically in a short time make them a challenging factor in dealing with 
coastal erosion and hazards. 
 
Geologists from the state’s Department of Geology and Mineral Industries (DOGAMI) 
report the following: 

Analyses of historical shoreline changes along the Tillamook County coastline indicate 
that the dune-backed shorelines respond episodically to such processes as the El 
Niño/La Niña Southern Oscillation, and as a result of rip current embayments that 
cause “hotspot erosion” of the coast. Previous work suggests that such processes can 
cause up to 125 ft of beach erosion.49 

 
The photo below shows a rip current embayment in the southern part of Rockaway Beach. 

 
“Figure 6.12 Ongoing shoreline retreat over the past decade in the Rockaway cell and localized hotspot 

erosion effects have resulted in substantial sections of the shore having to be rip-rapped in order to 
safeguard property. SLR [sea level rise] expected over the next century and enhanced storms will almost 
certainly increase the risk of failure of such structures and the potential loss of homes and important 
infrastructure backing the beach.(Photo courtesy of Mr. Don Best, 2009.)”  This photo and caption are from 
the Oregon Climate Change Research Institute’s Oregon Climate Assessment Report, Dec. 2010, p. 230. 

 
For more information, see the National Weather Service’s website on “Rip Current 
Science” at http://www.ripcurrents.noaa.gov/science.shtml   See also Matthew Dalon, 
Merrick Haller and Jonathan Allan’s “Morphological Characteristics of Rip Current 
Embayments on the Oregon Coast” in ASCE’s Coastal Sediments ‘07 (14 pp.). 

                                                      
49

 Jonathan C. Allan and George R. Priest.  Evaluation of coastal erosion hazard zones along dune and 

bluff backed shorelines in Tillamook County, Oregon: Technical report to Tillamook County, Portland, 

Oregon Department of Geology and Mineral Industries, 2001, p. iv. 

rip current 

http://www.ripcurrents.noaa.gov/science.shtml
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8.5 Astronomical Tides 

In its broadest sense, the word tide means any change in water level. Most often, 
however, the word refers to astronomical tide, the cyclical change in water level caused 
by variations in gravitational pull by the sun and moon and by Earth’s rotation. 
Astronomical tide is a significant factor with regard to coastal hazards: events such as 
winter storms or tsunamis that occur during high tide are much more likely to cause 
major erosion and damage to beachfront structures. 
 

 
This photo of a ship stranded at low tide is from NOAA’s online tutorial on tides, at 

http://oceanservice.noaa.gov/education/tutorial_tides/lessons/tides_tutorial.pdf 

 
Tides are at their highest when the moon is full or new. These higher-than-average 
water levels are referred to as spring tides. The phrase has nothing to do with the 
season of that name: the reference here is to the word meaning to jump, as in “spring 
up.” Tides are lowest during the moon’s first and third quarter phases. The lower waters 
are neap tides.50 
 
Oregon has four tides each day. From highest to lowest, they are “higher high water,” 
“lower high water,” “higher low water,” and “lower low water.” During neap tides, the 
tidal range – the difference between higher high water and lower low water – is at its 
smallest. During spring tides, that range is at its greatest: we get the highest high tides 
and lowest low tides then. 
 
Tides are essentially very long-period waves. The crest of each wave is a high tide; the 
trough, a low tide.  The tides rise and fall with great regularity, at intervals of just over 
six hours. For example, if higher high water occurs at noon, lower low water will occur 
shortly after 6:00 p.m. Local variations in latitude, bathymetry and shoreline 
topography, however, greatly affect the timing of these cycles. For example, tides at 

                                                      
50

 Origins of the word neap are unclear. Various writers describe it as being of Old English, Middle English 

or even Greek derivation, but there seems to be general agreement that the root word means “scanty.” 

http://oceanservice.noaa.gov/education/tutorial_tides/lessons/tides_tutorial.pdf
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places in Tillamook County generally occur later than those at more southerly locations 
such as Newport, which is one degree of latitude farther south.51 
 
Tides are monitored by a worldwide network of tidal stations. In the United States, 
those stations are maintained by NOAA’s National Ocean Service (NOS). Oregon has 26 
such stations, two of which are in Tillamook County: Garibaldi and Netarts Bay. Tidal 
datums for those two stations are found at 

http://tidesandcurrents.noaa.gov/data_menu.shtml?stn=9437540 Garibaldi, OR&type=Datums 

http://tidesandcurrents.noaa.gov/data_menu.shtml?stn=9437262 NETARTS, NETARTS BAY, 
OR&type=Datums 
 
Tidal range, the difference between the highest and lowest water levels on a given day, 
varies from place to place around the world. It may exceed 50 feet at some locations, 
such as the famous Bay of Fundy. In Oregon, however, the typical tidal range is five to 
seven feet. For example, the mean (average) range of tide at Garibaldi is 6.26 feet. The 
mean range at Netarts Bay is 5.02 feet. That range may double during periods of 
extreme tides, which often are observed in June and December.  
 
Modern scientific instruments and data collection systems enable us to forecast tides 
with great precision. In Oregon, the main data collection and forecast center is in 
Newport, at the Hatfield Marine Science Center (HMSC). Tide tables from the HMSC 
predicting the extent and time of each day’s tides are available on-line at 
http://hmsc.oregonstate.edu/weather/tides/tides.html 
 
Tidal elevations are expressed in terms of distance between the water’s surface and the 
mean lower low water (the long-term average of the lower of each day's two low tides).  
Local tides are measured with respect to a standard reference point known as the tidal 
datum or station datum. NOAA defines the term thus: 

A fixed base elevation at a tide station to which all water level measurements are 

referred. The datum is unique to each station and is established at a lower elevation than 

the water is ever expected to reach. It is referenced to the primary bench mark at the 

station and is held constant regardless of changes to the water level gauge or tide staff.  

http://tidesandcurrents.noaa.gov/datum_options.html 
 

Thus, if we say that Garibaldi will experience a high tide of 8.0 feet today at noon, the 
statement means that the water level there at noon will be eight feet above mean lower 
low water (MLLW). That average is calculated with respect to the Garibaldi station 
datum, which corresponds roughly with the lowest water level likely ever to occur there. 
A “minus tide” is one lower than mean lower low water. A “plus tide” is one higher than 
mean higher high water.   
 
 

                                                      
51

 The Hatfield Marine Science Center at Newport maintains a tidal adjustment table showing such 

differences to the nearest minute for places on the Oregon coast, at 

http://hmsc.oregonstate.edu/weather/tides/tideadj.html 

 

http://tidesandcurrents.noaa.gov/data_menu.shtml?stn=9437540%20Garibaldi,%20OR&type=Datums
http://tidesandcurrents.noaa.gov/data_menu.shtml?stn=9437262%20NETARTS,%20NETARTS%20BAY,%20OR&type=Datums
http://tidesandcurrents.noaa.gov/data_menu.shtml?stn=9437262%20NETARTS,%20NETARTS%20BAY,%20OR&type=Datums
http://hmsc.oregonstate.edu/weather/tides/tides.html
http://tidesandcurrents.noaa.gov/datum_options.html
http://hmsc.oregonstate.edu/weather/tides/tideadj.html
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The main datums used in reference to tides and water levels are illustrated in the 
following diagram from NOAA’s Tides and Currents website, at 
http://tidesandcurrents.noaa.gov/datum_options.html.  (“CO-OPS” stands for “Center 
for Operational Oceanographic Products and Services.”) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It’s important to note that observed tidal elevations often differ from predicted 
elevations. Such differences occur because the predictions are based on mathematical 
models that do not take into account local or regional variations such as barometric 
pressure. For example, if a low-pressure system is moving onto the Pacific coast during a 
high tide, the observed elevation at high tide may be significantly higher than the 
predicted elevation.  
 
Although tidal cycles and ranges generally are considered to be utterly predictable and 
unchanging, tidal ranges and maxima can indeed change over time. For example, local 
changes may occur because of alterations in the morphology of bays and beaches. There 
also is some evidence that tidal ranges may be increasing (slightly) on a global scale, for 
reasons not fully understood. For purposes of this plan, however, we may assume that 
tides will continue to occur within the ranges described above and our capacity to make 
accurate long-term predictions will remain undiminished. 
 
 
 

http://tidesandcurrents.noaa.gov/datum_options.html
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8.6  Storm Surge 

Storm surge is an increase in water level caused by the winds and lowering of 
atmospheric pressure associated with a storm approaching the coast. When a storm 
moves ashore, offshore water levels rise as the wind pushes the water against the land. 
And because a storm usually is associated with a low pressure system, the resultant 
drop in barometric pressure also contributes to the rise in water level.52 
 
While storm surge is the preferred term for 
this temporary increase in water levels, a 
variety of other terms are sometimes used 
(and misused) to describe this 
phenomenon, including sea surge, storm 
wave, storm tide and even tidal wave. It is 
also referred to as meteorological tide, to 
distinguish it from astronomical tide, the 
familiar cyclical change in water level 
resulting from gravitational forces of the 
moon and sun. 
 
In some parts of the world, especially low-
lying coastal areas in the tropics, storm 
surges can be both massive and deadly, 
flooding vast areas, washing villages away, 
and creating tidal bores that rush up coastal 
rivers, destroying everything in their path. Bruce Parker, author of The Power of the Sea, 
refers to them as “the sea’s greatest killer.” 
 
Although storm surge is an important component in the total water level off Oregon’s 
coast, and hence a factor influencing coastal hazards, it plays a relatively small part. For 
example, in the unusually large storm of March 2-3, 1999, the surge measured by the 
Yaquina Bay tide gauge was only 0.48 meter – slightly more than 1½ feet.53 In estimating 
the “design erosion event” – the extreme high-water level that would cause maximum 
erosion – Allan and Komar observe, “Storm surges are much less important on the 
Oregon coast, and as seen in the ‘design’ Scenario . . . , it is the combination of the tide 
plus wave runup that produces the erosion.”54 
 
As noted above, the heights of deepwater waves and the intensity of winter storms 
along the Oregon coast both are increasing, and they are expected to continue to do so. 
Storm surge elevations along the same coast therefore may do the same. 

                                                      
52

 “A 1 mb change in atmospheric pressure causes approximately a 1 cm change in sea level.”  Department 

of Oceanography, Naval Post-Graduate School’s “Tides: Basic Concepts and Terminology,” at  

http://www.oc.nps.edu/nom/day1/partc.html 
53

 Allan, Jonathan C., and Paul D. Komar.  Morphologies of beaches and dunes on the Oregon coast, with 

tests of the geometric dune-erosion model.   Portland, Oregon Department of Geology and Mineral 

Industries, 2005, p. 3. 
54

 Ibid., p. 8 

The surging sea . . .  

“Storm surges are most dangerous when 
they coincide with high tides. They are 
responsible for the majority of flooding 
and destruction associated with 
hurricanes. Ninety percent of people 
killed by hurricanes are killed by storm 
surge. Severe hurricanes can produce 
storm surge to 12 meters (40 feet) in 
height.” 

 
From Water Encylcopedia’s “Waves,” at 

http://www.waterencyclopedia.com/Tw-

Z/Waves.html#ixzz1AxDjEocI 
 

http://www.oc.nps.edu/nom/day1/partc.html
http://www.waterencyclopedia.com/Tw-Z/Waves.html#ixzz1AxDjEocI
http://www.waterencyclopedia.com/Tw-Z/Waves.html#ixzz1AxDjEocI
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8.7  Winter Storm Frequency 

As noted above, the offshore waters of the Pacific Northwest are experiencing a well-
documented increase in winter storm wave heights. There also is some evidence of an 
increase in the number of winter storms. The Oregon Climate Change Research Institute 
(OCCRI) describes the situation this way: 

The Oregon Coast has been historically prone to severe winter storms, which are the 

dominant factor for flooding and erosion on the coast. Storminess has been increasing, 

and consequently the frequency and magnitude of these coastal flooding events will 

probably continue to increase.
55 

 
The institute goes on to say: 

[W]e have limited ability to predict future trends in wave heights or coastal storms, but 

if the trend continues, impacts will be substantial. Storminess and extreme storm events 

have already been increasing very rapidly, leaving unarmored coastal areas vulnerable 

to flooding and erosion. The North Pacific winter storm track is projected to shift 

northward, meaning slightly fewer, but more intense storms. 

 

The OCCCRI’s 2010 report also speaks of 
“increased occurrences of severe storms” along 
the Oregon coast [emphasis added). 
 
The evidence for an increasing frequency of winter 
storms off the Oregon coast thus seems mixed and 
somewhat tentative. We find no evidence that the 
frequency of such storms might decrease. As 
discussed in Section 6.3 above, there is some 
evidence that the number and strength of El Niño 
events will increase. If so, then the frequency of 
winter storms is likely to increase accordingly. 
 
 
 
 
 
 

                                                      
55

 K.D. Dello and P.W. Mote, editors, Oregon Climate Assessment Report, Executive Summary, Oregon 

Climate Change Research Institute, December 2010, p. 19 

“The details about what a warmer 
planet will look like are still coming 
into focus, but there is one thing 
our environmental future will surely 
hold: a lot of restless water.” 
Quoting the IPCC, Casey says “the 
ocean has been absorbing more 
than 80 percent of the heat added 
to the climate system.” 

 
Susan Casey, The Wave: In Pursuit of the 

Rogues, Freaks, and Giants of the Ocean. 

Doubleday, New York, 2010. P. 17 
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8.8  Vertical Land Movement 

We describe sudden vertical movement of land as an earthquake: a Cascadia Subduction 
Zone earthquake, for example, could cause land along Oregon’s coast to suddenly drop 
as much as six feet in a matter of minutes. There is, however, another form of vertical 
land movement that also affects coastal erosion and flooding. This more gradual 
movement is caused by shifting of the great tectonic plates, as shown in the diagrams 
below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
In the long intervals between subduction zone earthquakes, the offshore Juan de Fuca 
Plate and the North American Plate on which Tillamook County sits continue to flex and 
bend. If the landward North American Plate bends upward, the result may be a gradual 

“Earthquakes and Washington’s Coast” 

“The surface of the earth is made of plates. These plates are always on the 
move, shifting over or under each other. When plates move suddenly, an 
earthquake occurs. Part of the earth's crust, the Juan de Fuca Plate, is 
spreading away from the Pacific plate, several hundred miles offshore. The 
Juan de Fuca plate is being pushed under the North American plate – a 
process called subduction.” 

“The Juan de Fuca Plate is pushing deep under the North American Plate. The 
colliding edges of these plates are locked, one plate pressed into the other. As 
the plates press and move, stress builds up – until the lock breaks.” 
 

From “Washington’s Coast,” Washington State Department of Ecology, at 
http://www.ecy.wa.gov/programs/sea/coast/waves/fault.html 

http://www.ecy.wa.gov/programs/sea/coast/waves/fault.html
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increase of the land’s elevation. If the plate bends downward, subsidence – a downward 
movement of the land may occur. 
 
These changes in elevation are small, but over long periods of time they may cause a 
beach to become more or less vulnerable to erosion. Along the eastern seaboard and 
gulf coast of the United States, many areas are experiencing significant subsidence along 
with rising sea levels. Along the Oregon coast subsidence, where it does occur, is less 
rapid. 
 
South of Newport, coastal areas are experiencing a gradual increase in elevation. This 
increase exceeds the current rate at which sea level is rising. Along the central Oregon 
coast, the land is more or less stable: it is experiencing little vertical movement. In 
Tillamook County, the land is rising slightly, about one millimeter per year. But sea level 
is rising more rapidly (about two millimeters per year), resulting in the “submergence” 
described in Section 8.2, on sea level rise.56 
 
Vertical land movement along the coast in Tillamook County thus is a fairly significant 
variable among the forces and factors affecting coastal erosion and hazards. It is, 
however, impossible to predict whether such movement will remain constant in the 
decades to come. 

                                                      
56

 See Paul D. Komar, Jonathan C. Allan and Peter Ruggiero. “Sea Level Variations along the U.S. Pacific 

Northwest Coast: Tectonic and Climate Controls.” Currently accepted by and in press at the Journal of 

Coastal Research. 2010. 
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8.9  Sediment Supply 

The sand that makes up Tillamook County’s beaches is sediment brought to our coast by 
wind and water. Some of it comes from rivers and streams, which carry sediment to the 
sea. Some comes from erosion of and runoff from coastal bluffs, cliffs and dunes. And 
some is borne by the wind. 
 
In stable littoral cells, beach erosion and sediment replacement are roughly in balance: 
the width of the beaches there will fluctuate with the seasons, but over the long term, 
the extent of the beaches is fairly constant. But in littoral cells where the sediment 
supply is reduced, beaches may diminish, thereby increasing the risks of erosion and 
flooding. 
 
The supply of sediment to beaches in the Pacific Northwest has been reduced by several 
forces. First, dams on major rivers such as the Columbia have diminished the amount of 
sediment transported to the sea. Second, jetties sometimes alter the natural circulation 
in littoral cells, increasing sediment on some beaches and decreasing it to others, most 
notably in the case of the Columbia River jetties. Third, the growth of broad estuaries in 
some coastal rivers has gradually reduced the amount of sediment reaching the sea: the 
estuaries trap the sediment before it gets to the beach. Finally, armoring of the coastline 
with shorefront protective structures such as seawalls and revetments impounds 
sediment that would otherwise be carried to the beach. 
 
Unfortunately, few quantitative studies of sediment budgets have been performed in 
Oregon. We therefore must speak of sediment transfer largely in qualitative terms 
rather than specify any precise amounts. 
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8.10  Earthquakes 

Of the hazards evaluated in this plan, 
earthquakes are the most difficult to predict. 
Scientists continue their work to develop a 
reliable method to forecast the time, place and 
magnitude of future temblors. For now, 
however, no such method exists. We simply 
cannot say with much precision when or where 
the next earthquake will strike or how strong it 
will be.  
 
If we accept the geologists’ somewhat whimsical 
premise that “if it happened before, it can 
happen again,” then history does provide some 
basis for prediction. By examining the number 
and magnitude of earthquakes that have 
occurred at or near a given place, one may reach 
broad conclusions about the probability of 
quakes happening there again. Recent history is 
deceptively comforting: in the century and a half 
since Tillamook County was founded (in 1853), 
few large earthquakes have occurred here. 
 
Consider, for example, the list of earthquakes 
maintained by the Pacific Northwest 
Seismograph Network, at the University of 
Washington.57  It lists the larger earthquakes 
(magnitude 4.0 or larger) that have occurred in 
Oregon and Washington since the late 1800s. 
The list contains hundreds of entries, but only 
one indicates a location in Tillamook County: on 
November 17, 1957, a magnitude 5.0 
earthquake struck near the City of Tillamook.58 
 
Based largely on recent historical evidence, 
then, we might conclude (wrongly) that 
Tillamook County is at very low risk from 
earthquakes.  Indeed, the county (like most of 
Oregon) was officially classified as a region of “low seismic hazard” until the 1990s. That 
changed, however, as evidence of major seismic event activity in earlier times began to 
emerge. In 1993, the seismic hazard rating for western Oregon was upgraded from a 
rating of 2B to 3. The southern Oregon coast now has the highest (most hazardous) 
rating, of 4, and re-classification of the northern coast, including Tillamook County, to 

                                                      
57

 See http://www.ess.washington.edu/SEIS/EQ_Special/pnwtectonics.html 
58

 See list at http://www.pnsn.org/HIST_CAT/catalog.html 

A Matter of Some Magnitude 

Earthquakes are rated numerically by 

magnitude: the larger the number, the 

more powerful the earthquake. That is, the 

more energy is released. Magnitude often 

is abbreviated to “M,” as in “an M 6.0 

earthquake.” 

 

Quakes less than M 3.0 are considered 

small and cause little damage. Those in 

the range from M 4.0 to 5.9 are moderate 

and may cause damage to poorly 

constructed buildings. Earthquakes of 6.0 

or more may cause considerable damage. 

The 2010 earthquake that devastated 

Haiti, for example, had a magnitude of 

7.0.  The largest ever recorded was in 

Chile in 1960 – an M 9.5. 

 

Magnitude formerly was measured on the 

Richter scale. In popular usage the phrase 

“an earthquake of – on the Richter scale” 

still is common, but among seismologists, 

Richter has been replaced by the moment 

magnitude scale. It is more accurate for 

describing strong earthquakes of 

magnitudes greater than 7.0. Below that 
level, values on both scales are quite 

similar, so an earthquake of, say, 5.0 on 

the Richter scale is also a 5.0 on the 

moment magnitude scale. 

 

Both scales are logarithmic (base 10), not 

linear. Each whole-number increase in 

magnitude thus represents a tenfold 
increase in the strength of an earthquake. 

For example, an M 6.0 earthquake is ten 

times as strong as an M 5.0. 

 

See  USGS explanation at 
http://earthquake.usgs.gov/aboutus/docs/02020

4mag_policy.php 

http://www.ess.washington.edu/SEIS/EQ_Special/pnwtectonics.html
http://www.pnsn.org/HIST_CAT/catalog.html
http://earthquake.usgs.gov/aboutus/docs/020204mag_policy.php
http://earthquake.usgs.gov/aboutus/docs/020204mag_policy.php
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seismic zone 4 is under consideration.59 The seismic zone rating determines what 
standards will apply to the construction of new buildings.  
 

The Next Big One 
The increase in Oregon’s seismic risk rating came about after studies in the 1990s 
revealed our region to have a long history of large earthquakes. Scientists learned that 
coastal areas in the Pacific Northwest during the past 10,000 years have undergone a 
series of massive earthquakes caused by the movement of tectonic plates. Off the 
Oregon and Washington coast the Juan de Fuca and the North American plates are 
converging at a rate of one or two inches per year. In the process known as subduction, 
the Juan de Fuca plate slides under the North American plate. The intersection of the 
two plates is a 600-mile fault known as the Cascadia Subduction Zone.  
 
Subduction is neither smooth nor continuous. Rather, it occurs in fits and starts. As the 
two plates converge, friction between them resists sheering force for long periods of 
time. As pressure on the two plates increases, they may bend but still not move. 
Eventually, however, sheering force exceeds frictional resistance, and the plates shift, 
with that sudden, dramatic release of energy that we describe as an earthquake. 
 
Of the four main types of earthquakes, subduction events (also known as megathrust 
earthquakes) are the most powerful. For example, the largest earthquake ever 
measured, an M 9.5 event that struck Chile in 1960, was a subduction earthquake. 
Likewise, the M 9.2 temblor that struck Alaska on Good Friday in 1964 also resulted 
from subduction. 
 
Recent studies find that equally powerful subduction earthquakes rocked the coast of 
Tillamook County in the distant past. The last one is thought to have occurred on 
January 26, 1700. There were of course no seismographs or seismologists in Oregon to 
record such events three centuries ago, so one may ask how scientists can pinpoint such 
a precise date. The answer lies in a compelling combination of clues: 

 Layers of silt on the deep sea floor off the Oregon coast indicate underwater 
landslides probably caused by an earthquake. 

 Marshes and forest soils along the coast were buried by sand and silt, suggesting 
that land there suddenly subsided and was flooded by seawater. 

 Tree rings in some coastal old-growth timber reveal evidence of subsidence and 
subsequent drowning of the tree roots. 

 Native American lore tells of huge waves during a winter storm destroying 
coastal villages.60 

                                                      
59

 Oregon Department of Geology and Mineral Industries (DOGAMI), Geologic Hazards on the Oregon 

Coast, at http://www.oregongeology.com/sub/earthquakes/coastal/CoastalHazardsMain.htm 
60 

 Ruth S Ludwin et al. Dating the 1700 Cascadia Earthquake: Great Coastal Earthquakes in Native 

Stories. Seismological Research Letters Volume 76, Number 2 March/April 2005. 
http://www.pnsn.org/HIST_CAT/SRL76-2Ludwin.pdf 

http://www.oregongeology.com/sub/earthquakes/coastal/CoastalHazardsMain.htm
http://www.pnsn.org/HIST_CAT/SRL76-2Ludwin.pdf
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 Official records from villages on the southeast coast of Japan show that a 
tsunami struck there on the evening of January 26, 1700. It was not, however, 
accompanied by an earthquake – at least, by an earthquake felt in Japan.61 

 
The big Cascadia quake of 1700 is estimated to have been an event of magnitude 8.7 to 
9.2. It was certainly large, but by no means unique. Rather, it was one in a series of 
megathrust earthquakes that have occurred off the Pacific Northwest coast for 
millennia. Geological evidence suggests that major earthquakes of magnitude 8.0 or 
greater have occurred in the Cascadia Subduction Zone for the past 10,000 years, once 
every 300 to 600 years, with the last one having struck in 1700.62 
 
The map on the following page shows the Cascadia Subduction Zone and the numerous 
sites along our coast where evidence has been found of past subduction zone 
earthquakes. 
 
 
 

                                                      
61

 Brian F. Atwater, Musumi-Rokkaku Satoko et al. The Orphan Tsunami of 1700: Japanese Clues to a 

Parent Earthquake in North America. US Geologic Survey, Reston, VA, 2005. 

http://pubs.usgs.gov/pp/pp1707/pp1707.pdf 
62

 Oregon Department of Geology and Mineral Industries’ Cascadia newsletter of Winter 2010, available 

on-line at http://www.oregongeology.org/pubs/cascadia/CascadiaWinter2010.pdf 

http://pubs.usgs.gov/pp/pp1707/pp1707.pdf
http://www.oregongeology.org/pubs/cascadia/CascadiaWinter2010.pdf
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“Location of coastal sites along the Cascadia subduction zone with evidence for great Cascadia earthquakes 

and accompanying tsunamis (after Atwater and Hemphill-Haley, 1997, their Fig. 1).” 

 

Alan R. Nelson, Harvey M. Kelsey, Robert C. Witter.  “Great earthquakes of variable magnitude 

at the Cascadia subduction zone” in Quaternary Research 65 (2006) 354–365, p. 355.  

http://www.colby.edu/personal/w/wasulliv/GE331%20Papers/Subduction%20tectonics/Nelson%

20et%20al.,%202006.pdf 

http://www.colby.edu/personal/w/wasulliv/GE331%20Papers/Subduction%20tectonics/Nelson%20et%20al.,%202006.pdf
http://www.colby.edu/personal/w/wasulliv/GE331%20Papers/Subduction%20tectonics/Nelson%20et%20al.,%202006.pdf
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When will the next “Big One” occur? DOGAMI says, “*W+e can expect another of these 
great earthquakes and tsunamis at any time.”63 The authors of The Orphan Tsunami 
agree: 

The next Cascadia earthquake is inevitable.  . . . for now, it is prudent to assume, 

simplistically, that the next great Cascadia earthquake has a one-in-ten chance of 

occurring in the next 50 years, and that it may attain magnitude 9.”
64 

 
The Cascadia Region Earthquake Workgroup offers a similar estimate, suggesting that a 
major subduction earthquake in Cascadia has a 10 to 14 percent chance of occurring in 
the next 50 years.65 

 

 Ghost forest.  At first glance, this may appear to be a photo of people wading in shallow surf at 

Neskowin during a low tide. The “people,” however, are really stumps of ancient trees. How did 

trees come to be in the intertidal zone, beneath sand and saltwater? The answer is subsidence: 

geological evidence strongly suggests that a huge subduction zone earthquake caused the land 

here to suddenly drop as much as six feet. Suddenly exposed to salt water and waves, the trees 

quickly died, lost their foliage, limbs and trunks, and became a ghostly forest of stumps. 

                                                      
63

 Cascadia newsletter of Winter 2010,Oregon Department of Geology and Mineral Industries,  available 

on-line at http://www.oregongeology.org/pubs/cascadia/CascadiaWinter2010.pdf 
64

 Brian F. Atwater, Musumi-Rokkaku Satoko et al. The Orphan Tsunami of 1700: Japanese Clues to a 

Parent Earthquake in North America. US Geologic Survey, Reston, VA, 2005. P. 101 

http://pubs.usgs.gov/pp/pp1707/pp1707.pdf 
65

 Cascadia Region Earthquake Workgroup (CREW), Cascadia Deep Earthquakes, 2008, p. 4. On-line at 

http://www.crew.org/PDFs/Casc%20Deep%20EQ%20web.pdf 

http://www.oregongeology.org/pubs/cascadia/CascadiaWinter2010.pdf
http://pubs.usgs.gov/pp/pp1707/pp1707.pdf
http://www.crew.org/PDFs/Casc%20Deep%20EQ%20web.pdf
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Magnitude versus Intensity  
Although magnitude tells us the amount of energy released by an earthquake, the 
effects of an earthquake at any given location depend on a variety of factors such as 
distance from the epicenter of the quake. Seismologists measure such impacts in a 
variety of ways. One of the more generalized measures is “intensity,” a subjective term 
for describing earthquakes in terms of their effects on people and structures. 
 
Because intensity varies with one’s location with respect to a given earthquake, many 
different intensities may be reported for one event. Several different scales have been 
developed to define intensity with at least some precision. The most common seems to 
be the “Abbreviated Modified Mercalli Intensity Scale,” which rates intensity from I to 
XII, as shown below: 
 

“Abbreviated Modified Mercalli Intensity Scale 

I. Not felt except by a very few under especially favorable conditions.  

II. Felt only by a few persons at rest, especially on upper floors of buildings.  

III. Felt quite noticeably by persons indoors, especially on upper floors of buildings. Many 
people do not recognize it as an earthquake. Standing motor cars may rock slightly. Vibrations 
similar to the passing of a truck. Duration estimated.  

IV. Felt indoors by many, outdoors by few during the day. At night, some awakened. Dishes, 
windows, doors disturbed; walls make cracking sound. Sensation like heavy truck striking 
building. Standing motor cars rocked noticeably.  

V. Felt by nearly everyone; many awakened. Some dishes, windows broken. Unstable objects 
overturned. Pendulum clocks may stop.  

VI. Felt by all, many frightened. Some heavy furniture moved; a few instances of fallen plaster. 
Damage slight.  

VII. Damage negligible in buildings of good design and construction; slight to moderate in well-
built ordinary structures; considerable damage in poorly built or badly designed structures; 
some chimneys broken.  

VIII. Damage slight in specially designed structures; considerable damage in ordinary 
substantial buildings with partial collapse. Damage great in poorly built structures. Fall of 
chimneys, factory stacks, columns, monuments, walls. Heavy furniture overturned.  

IX. Damage considerable in specially designed structures; well-designed frame structures 
thrown out of plumb. Damage great in substantial buildings, with partial collapse. Buildings 
shifted off foundations.  

X. Some well-built wooden structures destroyed; most masonry and frame structures 
destroyed with foundations. Rails bent.  

XI. Few, if any (masonry) structures remain standing. Bridges destroyed. Rails bent greatly.  

XII. Damage total. Lines of sight and level are distorted. Objects thrown into the air.”
 66

 

 

                                                      

66
  From the US Geological Survey’s website at http://earthquake.usgs.gov/learn/topics/mag_vs_int.php 

 

http://earthquake.usgs.gov/learn/topics/mag_vs_int.php
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Intensity relates to magnitude as shown in the following table, also from the USGS: 

 

Magnitude Typical Maximum 
Modified Mercalli Intensity 

1.0 - 3.0 I 

3.0 - 3.9 II - III 

4.0 - 4.9 IV - V 

5.0 - 5.9 VI - VII 

6.0 - 6.9 VII - IX 

7.0 and higher  VIII or higher 

 

 

 

 

 

 

 

 
Aerial photo showing damage to a freeway interchange near Los Angeles. The damage was caused by the 

1994 Northridge earthquake, of magnitude 6.7. USGS Photo.
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For more information on earthquakes . . .  

See Oregon Department of Geology and Mineral Industries (DOGAMI) website on 
“Earthquake Hazards in the Pacific Northwest” at 
http://www.oregongeology.org/sub/earthquakes/EQs.htm 
 
Visit the US Geological Survey’s website, “Reducing Earthquake Hazards in the 
Pacific Northwest” at  http://earthquake.usgs.gov/regional/pacnw/ 
 
See the Pacific Northwest Seismic Network’s home page at 
http://www.pnsn.org/welcome.html 
 

http://www.oregongeology.org/sub/earthquakes/EQs.htm
http://earthquake.usgs.gov/regional/pacnw/
http://www.pnsn.org/welcome.html
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8.11 Tsunamis 

Tsunami is a Japanese word meaning “harbor wave.” Another term for the same 
phenomenon is seismic sea wave. Tsunamis are fast-moving long-period waves caused 
by earthquakes or, less often, by volcanoes or landslides. They sometimes are called 
“tidal waves,” but that label is misleading: tsunamis are not caused by tidal action. 
 
Tsunamis move through the open ocean at 
speeds of 500 to 600 miles per hour. In deep 
water, their height is insignificant. Sailors 
might not even notice one passing under 
their ship. But as tsunamis enter shallow 
waters, they can rise to great heights, 
sometimes in excess of 100 feet. 
 
The paradox of the tsunami is that its arrival 
onshore sometimes is marked not by a 
fearsome wave but by a “drawback,” a 
receding of ocean waters. This occurs when 
the trough of these very long-period waves is 
the first part to arrive on the coast. 
Unfortunately, this unusual drawing down of 
the sea may attract curious onlookers who 
come to view the exposed sea floor or to 
gather stranded fish. When the crest of the 
tsunami comes ashore later, such onlookers 
will be very much in harm’s way. A sudden 
receding of nearshore waters thus should be 
treated by all as a strong warning to seek 
higher ground. 
 
Tillamook County’s coastline is vulnerable to 
tsunamis from two different types of event: 
strong (M8.0 or larger) distant earthquakes, 
and “local” great earthquakes in the Cascadia 
Subduction Zone, just off the Oregon coast. 
 
A recent example caused by a distant event is the tsunami on the Pacific Northwest 
coast caused by the massive subduction zone earthquake that occurred off the east 
coast of Japan on March 11, 2011. It took just over 9.5 hours for the Japan tsunami to 
reach our coast, where it struck Port Orford first. 
 
Another example is the “Good Friday Earthquake,” which occurred in Alaska on March 
27, 1964. This M9.2 earthquake produced tsunamis along the entire coast of North 
America as far south as Catalina Island, California. Although tsunamis caused by distant 
earthquakes are quite capable of causing great damage, it takes these waves several 

The 1960 Hilo Tsunami 

On May 22, 1960, the largest earthquake 

in modern history occurred off the coast 

of Chile. The M9.5 quake caused a 

tsunami that arrived in Hilo, Hawaii, 15 

hours later. 

“The first tsunami wave to arrive at Hilo 

was only about three feet high . . . which 

led many evacuated people to return to 

their homes, thinking the danger was 

over. But it was the third wave that was 

deadly, thirty-five feet high and shaped 

like a steep tidal bore. Entire city blocks 

in Hilo were swept bare, and the city was 

devastated. The tsunami picked up twenty-

two-ton boulders from the bay-front 

seawall and carried them inland six 

hundred feet. The force of the water on 

two-inch-thick pipes holding parking 

meters bent them parallel to the ground. It 

swept away an eleven-ton tractor.” 

 

Bruce Parker, The Power of the Sea: 

Tsunamis, Storm Surges, Rogue 

Waves, and Our Quest to Predict 

Disasters. Palgrave MacMillan, New 

York, NY, 2010, p. 152. Dr. Parker 

is former chief scientist of NOAA’s 

National Ocean Service. 
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hours to travel from the place of their origin to our shores. That provides time for local 
authorities to sound a warning and for coastal residents and visitors to seek high 
ground. 
 
The two photos below show the power of the tsunami caused by the March 11, 2011, 
earthquake in Japan. The first photo shows water rushing into a residential area in 
Natori. The second, also from Natori, shows houses swept off their foundations by the 
tsunami and rafted together by the floodwaters along with other debris. Photos from 
Kyodo/Reuters News Service. 
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An example of a tsunami in the Pacific Northwest caused by a local subduction zone 
earthquake is the 1700 Cascadia event described in the preceding section. This “big 
one” generated waves that caused great damage and reached far inland. Homegrown 
tsunamis of this type are especially dangerous because they arrive with little warning. 
Tillamook County residents can expect to have only 15 to 30 minutes between the time 
when a large subduction zone earthquake first shakes the ground and the moment 
when its companion tsunami rushes ashore. The crest of a tsunami from a local 
subduction zone earthquake of M8.0 or more could be as high as eight meters (26 
feet).67 
 
The impact of a tsunami on any given stretch of coast depends in part, of course, on the 
magnitude and proximity of the earthquake that caused it. For Tillamook County, then, 
the most dangerous event would be a large and local Cascadia Subduction Zone 
earthquake. But size and proximity are not the only variables that determine a tsunami’s 
extent and effect: height of the tide, topography of the shoreline, contours of the 
nearshore ocean floor, and direction of the wave all are significant.  
 
For example, the tsunami waves generated by the 1964 Good Friday Earthquake in 
Alaska caused greater damage in Crescent City, California, than they did to any coastal 
community in Oregon. Why? The answer lies mainly in bathymetry, the shape and 
contours of the ocean floor, not only near Crescent City but also many miles offshore. 
That bathymetry and perhaps the configuration of the harbor acted as a sort of funnel, 
directing more of the tsunamis’ energy toward shore. 
 
Crescent City’s experience was instructive in several ways. First, it demonstrated the 
deceptive nature of the tsunami. Although we often speak of “a tsunami” in the 
singular, a series of waves is the more common event. In Crescent City’s case, the first 
wave arrived at 11:59 p.m., four hours after the earthquake that generated it. That 
wave was small and did little damage. A larger wave arrived at 12:40 a.m. on March 28, 
but it too caused little concern. In fact, local authorities still had issued no alarm. At 1:20 
a.m., a 15-foot wave changed all that, breaching a jetty, smashing boats, and flooding a 
tavern, where patrons had to swim for their lives. But that wasn’t the end of it. The 
largest wave of all, 15.7 feet above the expected high tide, struck at 1:45 a.m. Together, 
this tsunami series destroyed property over an area of 29 city blocks and killed 11 
people.68 
 
Second, it demonstrated the importance of having adequate warning systems and 
strong programs for public education about tsunamis. It seems likely that some lives 
were lost in Crescent City because local warnings were sounded too late, and most of 
them were radio messages that went unheard by residents whose radios were turned 

                                                      
67

 Nathan Wood, Variations in City Exposure and Sensitivity to Tsunami Hazards in Oregon, US 

Geological Survey Scientific Investigations Report 2007-5283, p. 2. 
68

 Robert S.,Yeats, Living with Earthquakes in the Pacific Northwest. Oregon State University Press, Corvallis, 

Oregon, 1998. Crescent City’s experience with the 1964 tsunami is described on pp. 167-176. 
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off. Sirens would have been more effective. Likewise, lives probably could have been 
saved if citizens had been better informed about multi-wave nature of tsunamis.  
 
Such lessons prompted efforts by coastal communities and states to better prepare 
their citizens for tsunamis. In Oregon, an important part of that preparation was the 
work done by the state Department of Geology and Mineral Industries (DOGAMI) in the 
1990s to map tsunami-prone areas of the Oregon coast. DOGAMI’s work yielded three 
sets of maps, showing tsunami evacuation zones, areas subject to ORS 455.446 and 
455.447, and tsunami inundation. For details about the maps and for on-line access to 
them, see http://www.oregongeology.org/tsuclearinghouse/faq-tsunami.htm 
 
DOGAMI’s evacuation and inundation maps show tsunami runup that is expected to 
result from what was once considered the “worst-case scenario”: a Cascadia subduction 
zone earthquake of magnitude 8.8. That standard was based on studies done in the 
1990s. Research done more recently, however, suggests that a larger earthquake and a 
higher or more damaging tsunami could occur.69 DOGAMI’s tsunami-inundation zone 
maps thus should be considered an estimate of the area that would be affected by a 
major tsunami, not necessarily the worst-case extreme.70 
 
Key maps show that all low-lying areas in Tillamook County fronting the Pacific Ocean 
are at risk of tsunami inundation. In addition, low-elevation lands along coastal bays, 
lakes and rivers face a similar risk. The communities of Cape Meares, Oceanside, 
Neskowin, Netarts, Pacific City, Rockaway Beach and Tierra del Mar all would face 
significant risk because much of their development has occurred at low elevations, only 
a few feet above sea level. Even Cloverdale, which lies four miles inland, would 
experience some flooding along Highway 101 as a tsunami rushes up the Nestucca River 
valley. 
 
USGS quadrangle maps showing the tsunami-evacuation zone also are available on-line 
at http://www.oregongeology.org/tsuclearinghouse/pubs-evacbro.htm  These maps show 
details such as structures, but they are somewhat dated. For example, the Neskowin 
quadrangle was prepared in 1985, so structures built after that year do not appear on 
the map. In most cases, more up-to-date details can be found by using the “zoom” and 
“aerial” functions on the main tsunami inundation map at 
http://www.nanoos.org/data/products/oregon_tsunami_evacuation_zones/index.php 
 
That a community has some or even a great deal of tsunami-prone land, however, tells 
us little about its vulnerability. For example, if most of the community’s key resources 
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 Nathan Wood, Variations in City Exposure and Sensitivity to Tsunami Hazards in Oregon, US 

Geological Survey Scientific Investigations Report 2007-5283, p. 4. 
70 “In 2010, DOGAMI implemented a 4-year program (with funding from NOAA) to completely redo 

tsunami inundation zones for a range of potential "local" and "distant" earthquake sources, and ultimately 

the creation of an entirely new suite of tsunami evacuation maps for the entire Oregon coast. At the time of 

this writing, these new maps have been completed for the southern Oregon coast (Bandon to the 

Oregon/California border).  New inundation modeling is presently underway for Tillamook County and the 

final maps should be available by December 2011.” Personal communication from Jonathan Allan to Mitch 

Rohse, April 26, 2011 
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and assets are on high ground and the community is well-prepared for a tsunami, it may 
face little risk to life or property. 

 
Vulnerability to tsunamis has been analyzed in recent work done by the US Geological 
Survey (USGS). In 2007, the USGS conducted a detailed study of community vulnerability 
to tsunami inundation for the entire Oregon coast.71 The USGS study used a variety of 
measures such as the percentage of a community’s developed land area in a tsunami-
inundation zone. It then developed a composite index for summarizing the combined 

exposure and sensitivity of coastal 
communities to tsunamis. The 
study shows the city of Seaside to 
have the highest vulnerability of 
any community on the entire 
coast: it has both high exposure 
and high sensitivity to tsunami 
inundation. In Tillamook County, 
Rockaway Beach is rated as highly 
vulnerable, mainly because a large 
percentage of the city’s 
businesses, homes, land values 
and population lie within the 
inundation zone. Rural Tillamook 
County (including the 
unincorporated communities of 
Cape Meares, Cloverdale, 
Oceanside, Neskowin, Netarts and 
Pacific City) ranks just below 
Rockaway Beach. It has a high 
vulnerability rating because of 
both high exposure and high 
sensitivity. This diagram from the 
USGS study shows the 
vulnerability rankings for the 
entire Oregon coast in graphic 
form. 
 
 
From Variations in City Exposure and 

Sensitivity to Tsunami Hazards in 

Oregon, by Nathan Wood, US 

Geological Survey Scientific 

Investigations Report 2007-5283, 37 

Figure 22, page 27. 

                                                      
71

 Nathan Wood, Variations in City Exposure and Sensitivity to Tsunami Hazards in Oregon, US 

Geological Survey Scientific Investigations Report 2007-5283, 37 pages. 
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Tillamook County’s vulnerability to tsunami inundation has not gone unnoticed. The 
county has worked with DOGAMI and with the National Oceanic and Atmospheric 
Administration (NOAA) to increase public awareness and community resilience. As a 
result, Tillamook County is now one of three counties72 in Oregon to be rated 
TsunamiReady by NOAA and the National Weather Service. Likewise, the cities of 
Manzanita, Nehalem, Rockaway Beach, and Wheeler also have achieved TsunamiReady 
status. NOAA’s criteria for the tsunami readiness can be viewed on-line at 
http://www.tsunamiready.noaa.gov/guidelines.htm 

 
The Oregon legislature passed laws in 1995 regulating development in tsunami-
inundation zones. The main effect of those laws, now codified as Oregon Revised 
Statutes (ORS) 455.446 and 455.447, is to prohibit (with certain exceptions) the 
following types of new “essential” and “special occupancy” structures from being 
constructed in tsunami-prone areas: 

 “Hospitals and other medical facilities having surgery and emergency treatment areas”; 

 “Fire and police stations”; 
 “Structures and equipment in government communication centers and other facilities required 

for emergency response”; 
 “Buildings with a capacity greater than 250 individuals for every public, private or parochial 

school through secondary level or child care centers”; 
 “Buildings for colleges or adult education schools with a capacity greater than 500 persons”; 

 “Jails and detention facilities.” 

 
For other new “essential facilities,” “hazardous facilities,” “major structures,” and 
special occupancy structures” that may be permitted in a tsunami-inundation zone, 
developers first must consult with the state Department of Geology and Mineral 
Industries to consider the “impact of possible tsunamis on the proposed development” 
and “for assistance in preparing methods to mitigate risk at the site of a potential 
tsunami.”  See ORS Chapter 455 at http://www.leg.state.or.us/ors/455.html 
 

 
 

                                                      
72

 The two other Oregon counties rated TsunamiReady are Coos and Douglas. 

For more information on tsunamis . . .  
To learn more about tsunamis on the Oregon coast, visit the website maintained by Oregon’s 

Department of Geology and Mineral Industries, at 

http://www.oregongeology.org/tsuclearinghouse/default.htm 

See the US Geological Survey’s website on tsunamis in the Pacific Northwest at  

http://walrus.wr.usgs.gov/tsunami/cascadia.html 

Visit Tsunami! at http://www.ess.washington.edu/tsunami/index.html, a website hosted by the 

University of Washington’s Department of Earth and Space Sciences. The site is “dedicated to 

providing general information about tsunamis, their causes and history as well as what to do in case 

of a tsunami.” 

The National Oceanic and Atmospheric Administration (NOAA) provides on-line information 

about tsunamis at http://www.tsunami.noaa.gov/ 

http://www.tsunamiready.noaa.gov/guidelines.htm
http://www.leg.state.or.us/ors/455.html
http://www.oregongeology.org/tsuclearinghouse/default.htm
http://walrus.wr.usgs.gov/tsunami/cascadia.html
http://www.ess.washington.edu/tsunami/index.html
http://www.ess.washington.edu/
http://www.tsunami.noaa.gov/
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 Climatic and Geologic Forces Affecting Coastal Erosion 

  

Factor 

 

Relevance to Hazard(s) 
Recent Conditions in 
on Northern Oregon 

Coast 

Predicted 
Trend to 2050 

Predicted 
Rate of 
Change 

Quality 
of 

Evidence 

Key 
Information 

Source 

1 
Deepwater wave heights Probably the single most significant factor affecting 

coastal erosion and flooding. The larger the wave, 
the greater its impact on shore. 

Max heights in range of 
30 - 40 ft. Rising for at 
least 3 decades 

Increase to max 
heights  >50 ft 

Increase 3-4 
inches per yr 
in next 25 yrs 

High OSU, 
DOGAMI, 
NOAA 

2 
Sea level rise  
 

An increase in sea level increases the extent of wave 
runup on shore, thus increasing erosion,  flooding, 
and wave damage to shore properties 

Rising worldwide, most 
recently at about 12” 
per century 

Significant 
increase: 3.5 to 
11.5 inches 

At least 7-23 
inches by 
2100 
 

High NOAA,  OSU, 
DOGAMI, 
IPCC (2007)  

3 
Frequency and intensity of 
El Niño events 

El Niños increase erosion and flooding. They bring 
stronger winds, bigger waves, higher water levels, 
and more southerly storm track 

Occur every 2 to 7 
years. Max rise in 
water level, 1.3 ft 

Unknown Unknown Medium NOAA, 
DOGAMI, OSU  

 
4 

Rip current embayments Strong rip currents cause rapid erosion at 
“hotspots,” cutting deeply into beach and 
sometimes breeching spits. They often stop, start 
and move rapidly, hence are unpredictable 

Uncertain; may be 
increasing, especially 
during El Niño events 

Unknown Unknown Medium OSU, NOAA, 
DOGAMI 

5 
Astronomical tide Major factor in erosion when storms occur during 

high tide.  Highly predictable. 
4 tides per day; mean 
annual range 5-6 ft 

No change No change High OSU, NOAA, 
DOGAMI  

6 
Storm surge Moderate factor in erosion during winter storms on 

Oregon coast. Has potential to be a big factor if 
occurring during high tide. 

Max of 4.6 ft Unknown Unknown High OSU, NOAA, 
DOGAMI 

7 
Winter storm frequency Frequency and extent of wave impact on shore is 

directly related to number of winter storms. More 
storms mean more erosion and flooding. 

May be increasing Probable 
increase, with 
El Niño 

Unknown Medium NOAA, OSU 

8 
Vertical land movement Subsidence increases extent of and damage from 

erosion and flooding, especially with RSL rise 
Slight uplift (0.5 – 1.5 
mm per year) 

No change No change High USGS 

9 
Decrease in sediment 
supply 

Dams and shoreline structures reduce sediment that 
replenishes beaches, thus increasing beach erosion. 
Broad estuaries trap sand, keeping it from beaches. 

Supply has declined. 
Extent and effect of 
decline uncertain. 

Continuing 
decrease in 
supply 

Unknown; 
probably 
gradual 

Low DOGAMI, OSU 

10 
Earthquakes “Local” Cascadia Subduction Zone (CSZ) quake likely 

to cause sudden subsidence of coastal areas (~2-6 ft) 
No recent major earth-
quakes in NW 

10-14 % chance of great quake 
(>M 8.0) in next 50 years 

Medium DOGAMI, 
USGS 

11 
Tsunamis Local CSZ > M 9.0 could cause inundation and wave 

runup to elevations as high as 100 ft. The county is 
also susceptible to the effects of distant tsunamis, 
which can produce significant inundation and runup, 
though not as high as a local event. 

Last known local CSZ 
quake, Jan 26, 1700. 
Most recent distant 
tsunami (Japan), Mar 
11, 2011 

At least 10-14 % chance of 
major tsunami in next 50 years 
 

Medium DOGAMI, 
USGS 
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9. Assessing Risks and Vulnerability 
 
The definition of risk seems simple enough: in everyday usage, the word just means the 
possibility of suffering harm or loss. We often use it as a synonym for danger. 
 
This seemingly simple little word, however, has great significance in fields such as finance, 
insurance, medicine, engineering and, most recently, climate change.  It thus has been the 
subject of numerous writings attempting to bring greater precision to a broad term. A variety of 
definitions have emerged. For purposes of this plan, we use a definition from the field of 
engineering: Risk is the probability that a specified event will occur times the consequences of 
that event, or, in mathematical form, R = P × C. 
 
Risk thus involves two main elements: probability and consequences. Consider, for example, the 
risk associated with walking across a narrow pedestrian bridge that spans a windy, rocky 
canyon. Now suppose that the bridge consists of a single plank six inches wide, without 
handrails, and the canyon is 1,000 feet deep. Clearly, the probability of falling is high, and the 
consequences of the resulting fall would be disastrous. Crossing the canyon, then, would 
obviously be a high-risk situation. 
 
Risk decreases, however, with a change in either of the two variables. Suppose, for example, 
the bridge is not a six-inch wide plank but a sturdy, well-engineered structure with handrails. 
The probability of falling therefore decreases, as does risk, even though the consequences of a 
fall into the deep canyon remain severe. Conversely, if the “canyon” is only ten feet deep, with 
a soft layer of snow at the bottom, the risk of crossing is much less, even if the bridge still 
consists of that rail-less six-inch wide plank. That’s because the consequences of a fall are 
considerably less. 
 
With coastal hazards, the probability of a hazardous event occurring usually is expressed as a 
percentage. For example, to describe an unusually powerful storm, we say “There’s a 1 in 100 
(or one percent) chance of such a storm occurring.” In other words, out of every one hundred 
storms, we would expect just one to be so powerful. 
 
Consequences can be expressed in variety of ways. Sometimes, they are stated in numerical 
units, such as dollars. In cases where such precision is not possible, consequences may be 
conveyed in terms of rankings along an ordinal scale, such as 1 to 5, with “1” indicating the least 
impact from a hazard and “5” representing extreme harm or damage. In many cases, 
consequences are simply expressed by descriptors such as “minor,” “moderate,” and “severe.”  
 
In planning how to deal with coastal erosion, we cannot alter the likelihood that the climatic 
and geologic forces causing erosion will occur. We can’t stop sea level from rising or reduce the 
height of the waves that attack our coast. We can, however, estimate the probability that 
hazardous erosion will occur in any given place, assess that place’s vulnerability, and then take 
measures to lessen such vulnerability. Consequences thus are reduced, and risk is thereby 
lowered. 



Tillamook County Coastal Erosion Hazards Framework Plan, Final Draft,  June 10, 2011             Page 84 

In assessing risk, scientists use the word vulnerability not only to describe the extent to which a 
community or place may experience a hazardous event but also that place’s ability to withstand 
or quickly recover from the event. Vulnerability thus is defined to be a combination of three 
essential factors: exposure, sensitivity, and resilience. These three terms are explained in the 
diagram below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As we saw in section 8.11 above, Tillamook County’s coast is highly vulnerable to tsunamis 
because our coastal communities have a great deal of exposure to tsunamis and also are highly 
sensitive to them, because a large percentage of community assets lie with the tsunami-
inundation zone. Tillamook County has, however, increased its resilience by taking measures to 
become “tsunami ready.” 
 
This adaptation plan is a similar type of measure. It is intended to increase the county’s 
resilience with respect to the hazard of coastal erosion. 
 

9.1  Estimating Exposure to Coastal Erosion 

To evaluate exposure to coastal erosion in Tillamook County, the state’s Department of Geology 
and Mineral Industries (DOGAMI) has studied and monitored erosion along the coast for the 
past decade. It has used new technology – Lidar (“light detection and ranging”) and GPS surveys 
– to identify the location and extent of erosion along dune-backed and bluff-backed beaches. 
(The monitoring process and the results have already been described in Chapter 6.)  DOGAMI 

Vulnerability = Exposure + Sensitivity + Resilience 
Exposure means the amount of a community’s assets – population, buildings, resources, 
infrastructure – that lie within a hazard-prone area. Exposure is an absolute term typically expressed in 
units such as people, dollars, or acres. For example, suppose that Community “A” has 50 homes 
containing 100 residents in tsunami-prone areas, while Community “B” has only 25 homes containing 50 
residents in a tsunami-inundation zone. Community “A” has twice as much exposure. At least, it does if 
we consider only numbers of homes and people. We could change the result, however, if we measured 
other variables, too, such as value of real property or number of workers in the tsunami inundation 
zone. 
 
Sensitivity is a relative term to describe the degree to which a community’s assets are exposed to the 
risk. It is usually expressed as a percentage. Using the example above, suppose the 25 homes and 50 
residents in Community “B” make up 50 percent of its population, while the 50 homes and 100 
residents in “A” represent only 10 percent of the larger town’s total number of homes and people. In 
such a case, “B” would have less exposure but greater sensitivity to tsunami inundation. 
 
Resilience means the capacity of a community to withstand, adapt to, and recover from a hazard 
event. Again using the example of communities “A” and “B” and tsunamis, suppose that “A” has taken 
strong measures to inform its citizens about tsunamis, designated well-marked evacuation routes, and 
adopted strong code provisions regarding new development in tsunami-inundation zones. Meanwhile, 
“B” has done none of that. “A” would be the more resilient community, even though it has more 
exposure than “B.” 
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and the county therefore have extensive, high-quality data to describe the coastal erosion that 
has been occurring over the past decade and more.  
 
But where is hazardous erosion likely to occur in the future? To answer that question, 
researchers estimate the extent of erosion likely to occur under wide a range of conditions. The 
key variable is the total water level (TWL) at that critical point where the beach meets the 
adjoining dune or bluff. The higher the TWL, the greater the potential for erosion. 
 
As explained earlier in this plan (on page 29) the total height of the ocean water level at a given 
beach is the sum of several “wave height factors,” such as wave runup, tide and storm surge. 
One can create various scenarios by assuming certain combinations of these variables. For 
example, the “worst-case scenario” that can reasonably be expected would be a huge storm 
occurring at high tide after sea level has risen substantially. DOGAMI’s scientists created a 
variety of scenarios and used them to delineate areas subject to high, moderate or low risk. 
 
To estimate water levels, DOGAMI focused on two scenarios: the 50-year storm and the 100-
year storm. The former, of course, is the storm more likely to occur. The 100-year storm, 
although less likely, would do greater damage and affect a larger area. The table below shows 
the factors used to define the two events. 
 

Water Level Calculation: Water Height in Feet at Toe of Dune or Riprap 

Wave Factor 50-Year Storm 100-Year Storm 

Mean high tide 7.55 7.55 

Monthly mean water level 1.31 1.31 

Storm surge  3.28 5.58 

Sea level rise      0 1.31 

Wave runup* 14.34 17.72 

Total 26.48 feet 33.47 feet 

 
*Wave runup in turn is estimated using the assumptions shown in the table below. 
 

Factors for Computing Wave Runup 

Factor 50-Year Storm 100-Year Storm 

Beach slope 4 percent 4 percent 

Deep-water significant wave height 47.6 feet 52.5 feet 

Wave period 17 seconds 20 seconds 

Deep-water wave length 1,481 feet 2,050 feet 

 



Tillamook County Coastal Erosion Hazards Framework Plan, Final Draft,  June 10, 2011             Page 86 

Data in the two tables above are from information submitted to the Neskowin Coastal Hazards 
Committee by DOGAMI’s Jonathan Allan, for the committee’s meeting of April 29, 2010. 
 
Using scenarios for “design events” such as the storms described above, DOGAMI then was able 
to define and map four coastal erosion hazard zones along the two main types of beaches 
found in Tillamook County, dune-backed and bluff-backed.  Dune-backed beaches typically 
erode more rapidly, in direct proportion to severity of storms and wave runup. In contrast, 
erosion of bluff-backed beaches is most directly related to the geological make-up of the bluff. 
The four types of hazard zones are summarized in the table below. 
 

Beach Erosion Hazard Zones in Tillamook County 

Dune-Backed Beaches 

Zone 
General Location of 

Zone 
Zone Width Design Event 

Active 
Hazard  

Sandy beach and 
foredune face 

Width of beach 
plus dune face* 

Significant erosion or accretion occurring 
now 

High  
Risk 

250-280 ft landward of 
dune-beach junction 

250-280 ft Large storm: Wave heights to 47.6 ft; 
above-avg. high tide; storm surge 3.3 ft 

Moderate 
Risk 

Next 415-460 ft landward 
of high-risk zone 

415-460 ft Severe Storm: Wave heights to 52.5 ft plus 
sea level rise of 1.3 ft 

Low  
Risk 

Next 460-510 ft landward 
of moderate-risk zone 

460-510 ft Extreme Event: Severe storm plus 3.3 ft 
subsidence from CSZ earthquake 

Bluff-Backed Beaches 

Zone 
General Location of 

Zone 
Zone Width Design Event 

Active 
Hazard 

Sandy beach; bluff toe; 
bluff face to top edge 

Width of beach 
plus bluff face* 

Significant erosion or accretion occurring 
now 

High 
Risk 

First 20-30 ft landward 
of bluff top edge 

20-30 ft** Gradual erosion at low mean rate over 60 yr 
period; bluff talus at ideal angle of repose 

Moderate 
Risk 

Next 40 to 250 ft land-
ward of high-risk zone 

40-250 ft** Block failures, retreat to angle of repose; 
erosion over 60-100 yr period 

Low  
Risk 

Next 60-490 ft landward 
of moderate-risk zone 

60-490 ft** Erosion over 60-100 yr period; maximum 
slope failure; erosion to ideal angle of repose 

* The active hazard zone occasionally extends landward beyond the dune face for various reasons. 

** Width of zone varies widely with composition of material in bluff 

This table summarizes information from Jonathan C. Allan and George R. Priest’s Evaluation of coastal erosion 

hazard zones along dune and bluff backed shorelines in Tillamook County, Oregon: Technical report to 

Tillamook County, Portland, Oregon Department of Geology and Mineral Industries, 2001.  93 pp. 
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9.2  Estimating Probabilities in a Changing Environment 

The information and maps from DOGAMI identify zones that would be subject to erosion if 
certain design events occur. But what is the probability that such events will occur? Estimating 
such probabilities is made especially difficult by the dynamism of the coastal environment: as 
noted in the preceding chapter, several key factors such as global sea level and deep-water 
wave height off the Oregon coast have been changing and continue to change. 
 
Researchers at Oregon State University’s Department of Geosciences therefore began working 
on a method that considers such changes when estimating the probability of various design 
events. In a special project that focused on conditions at Neskowin, the OSU researchers 
developed a new probabilistic methodology to predict coastal erosion hazards. The results of 
that methodology are described in an unpublished master’s thesis by student Heather Baron: 
“Incorporating Climate Change Uncertainty into a Probabilistic Methodology for Evaluating 
Future Coastal Change73 Hazards and Community Exposure” (May 2011).74 
 
The OSU methodology uses computer modeling to analyze an array of 1,800 scenarios. Each 
scenario expresses the total water level (TWL) that could be expected if a certain combination 
of conditions occurs. Such a combination is a “design event.” OSU’s methodology thus expands 
on DOGAMI’s data by introducing a large range of variables and estimating the probability of 
erosion from multiple design events over several different time periods. 
 
OSU’s computer modeling enables different combinations of assumptions about future 
conditions to be analyzed. The model can assess an array of values for key variables such as sea 
level rise, deep-water ocean wave heights, and beach characteristics such as slope. The results 
help researchers to estimate the probability that a given area of the shore will experience 
erosion under a defined combination of circumstances during a specified period.75  Such 
probability is expressed in statistical terms as a “confidence level.” A confidence level of 98 
percent, for example, implies very high probability that, under the specified conditions, the 
area in question would experience hazardous erosion. In contrast, a confidence level of 50 
percent is essentially a statement that the probability of erosion occurring is 50-50: it might 
happen, it might not. 
 

OSU’s work has produced four dozen maps of coastal erosion hazards along Neskowin’s 
shoreline, showing at-risk areas for various time periods and based on different assumptions 
about variables such as sea level rise. The map on the next page is one example: it shows 
probabilities of coastal erosion at Neskowin to the year 2050. These maps will enable Neskowin 
and Tillamook County to better assess Neskowin’s exposure and to develop suitable policies 
and implementing measures to address the risk in that community. 

                                                      
73

 Because this is a framework plan for adapting to hazards associated with coastal erosion and flooding, it typically 

speaks of “coastal erosion hazards.” But design events such as a large winter storm may cause severe erosion to a 

beach in one place while widening it another. The scientific literature therefore sometimes speaks of “coastal change 

hazards,” a term broad enough to include both erosion and accretion. 
74

 Ms. Baron’s faculty advisor, Peter Ruggiero, reviewed and commented on the first draft of this framework plan 

and worked closely with the Neskowin Coastal Hazards Committee during the writing of this plan.  
75

 The target years used in OSU’s model were 2009, 2030, 2050, and 2100. 
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This example of the maps prepared by OSU shows the familiar beach at Neskowin. Proposal 
Rock is the large dark oval near the breakers on the left side of the aerial photo. Together, the 
map and legend tell us the following: 
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 The “design event” is a total water level with a one percent probability – a very high water level 
that, like “the hundred-year flood,” has a one-in-a-hundred chance of occurring. 

 If such an event occurs in the next few decades (by 2050), areas shown in the golden-brown76 band 
running along the village’s shoreline have the “highest risk for erosion.” There is a 98 percent 
confidence level (near certainty) that hazardous erosion would occur here. 

 An area immediately east (landward) of that also might experience hazardous erosion. The 
probability of that depends on how far seaward a given property lies. If the property adjoins the 
area marked “Highest Risk of Erosion,” there is a significant chance – approaching the 98 percent 
confidence level – that the property would erode. For a different property, at the landward edge of 
the area designated “Other Significant Risk,” there is a much smaller chance of erosion. Properties in 
between the seaward and landward edges of the Other Significant Risk Area thus all face some risk, 
ranging from just under 98 percent odds of erosion to as little as 2 percent. The farther seaward its 
location, the closer the odds of a property’s erosion come to the 98 percent confidence level. 

 The line marked “Mean of Erosion Predictions” indicates the statistical center of the “Other 
Significant Risk Area.” A place on this line is somewhat likely to experience erosion. The confidence 
level of such erosion occurring here is midway between the 98 and the 2 percent levels. 

 

 
 

Dune-backed beach at south end of Rockaway Beach, near Twin Rocks, looking north toward Cape Falcon. As one 
might guess from the presence of the drift logs behind the low foredune, this is an area subject to severe erosion. 

                                                      
76

 If printed on a monochrome printer, the area appears as a medium gray. 



Tillamook County Coastal Erosion Hazards Framework Plan, Final Draft,  June 10, 2011             Page 90 

9.3  Estimating Sensitivity to Coastal Erosion Hazards 
Researchers from DOGAMI and OSU have used erosion maps and data to determine the 
exposure and sensitivity of coastal communities in Oregon to coastal erosion.77 The chart on the 
left, showing the number of residents living in the active, high, or moderate erosion zones, is 
one measure of a community’s exposure to erosion hazards. The chart on the right, showing 
the percentage of a community’s residents living in the active, high, or moderate erosion zones, 
indicates a community’s sensitivity to coastal erosion. 
 

 
 
Note that the Tillamook County communities of Manzanita, Rockaway Beach, Cape Meares, 
Oceanside and Neskowin all share a common feature: because they are small communities, 
they do not have large numbers of people living in the three most hazardous erosion zones. By 
that measure, they may be considered to have only moderate exposure to erosion hazards. But 
because a large percentage of their residents reside in the three erosion zones, the 
communities do have a high sensitivity to such hazards. All five communities therefore are quite 
vulnerable to the hazards associated with coastal erosion, at least in terms of percentage of 
residents living in hazard-prone areas. 
 

                                                      
77

 These charts are based on DOGAMI’s data and maps showing recent coastal erosion. They are not based on the 
OSU computer models and maps described in Section 9.2 on the preceding pages. 
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Another way to assess such vulnerability is to consider the extent of a community’s developed 
land that lies within the erosion zones. The charts on the next page show the same five 
Tillamook County communities to be vulnerable to erosion hazards. They also reveal that rural 
areas of the county have significant amounts of developed land in erosion-prone areas. 
 
 

 
 
Again, the small communities of Manzanita, Rockaway Beach, Cape Meares Oceanside, and 
Neskowin are revealed to have only moderate exposure to coastal erosion in terms of the 
absolute acreage of developed land in the active, high, or moderate erosion zones. But because 
they all have a high percentage of developed land in erosion-prone areas, they are sensitive to 
the hazard – and thus should be considered quite vulnerable. 
 
The chart on the left also reveals that rural coastal areas of Tillamook County have a large 
amount of developed land in the active, high or moderate erosion zones. The amount is small 
when compared to the total acreage of the county, so the chart on the right indicates little 
sensitivity to the hazard. Coastal portions of the county that are not within municipal limits of 
incorporated cities and not within the boundaries of unincorporated rural communities thus 
have high exposure to coastal erosion and should be considered vulnerable to it, even though 
their sensitivity in county-wide terms is low.
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10. Vulnerable Assets and Systems  
 
As noted in the preceding chapter, risk from coastal erosion is the product of two key factors: 
the probability that hazardous erosion will occur and the consequences that would result from 
such erosion. We have little capacity to influence the probability that various geologic forces 
and events will occur. We can, however, control, to varying degree, the consequences: we can 
reduce costs and injuries from such events by taking steps to lessen our vulnerability. 
 
Recall that vulnerability is a combination of three basic factors: exposure, sensitivity, and 
resilience. We can exert some control over exposure by ensuring that key assets and systems 
are not placed in hazardous areas. Likewise, we can limit a community’s sensitivity by seeking 
to keep the majority of its assets and systems out of harm’s way. Finally, we have a wide range 
of options with which to make any given place or community more resilient. We thus have 
considerable control over this aspect of vulnerability. 
 
Consider, for example, the new city hall proposed for Cannon Beach, shown in the architectural 
rendering below. The new building would replace the old city hall, which is quite vulnerable to 
earthquakes and tsunamis. Plans call for the new structure to be elevated about 15 feet above 

ground on stilts and 
protected by low walls. 
Tsunami waves would 
pass underneath it. 
Meanwhile, it would 
provide a vertical 
evacuation site for up to 
1.000 people.”78 The 
structure thus would 
reduce the community’s 
vulnerability to 
tsunamis in two ways: 
by increasing the 
resilience of the city 
government’s main 
building, and by greatly 
increasing Cannon 
Beach’s resilience.79 

                                                      
78

 Jay Raskin, Yumei Wang, Marcella M. Boyer, Tim Fiez, Javier Moncada, Kent Yu, and Harry Yeh,  Preliminary 

White Paper on Tsunami Evacuation Buildings (TEBs): A New Risk Management Approach to Cascadia Earth-

quakes and Tsunamis, March 20, 2009, on-line at http://www.ci.cannon-beach.or.us/docs/PS/CBTEB%203-20-

09%20version.pdf 
79

 For more information on vertical tsunami evacuation sites, see FEMA’s See FEMA’s “Guidelines for Design of 

Structures for Vertical Evacuation from Tsunamis” at http://www.fema.gov/library/viewRecord.do?id=3463 

 

http://www.ci.cannon-beach.or.us/docs/PS/CBTEB%203-20-09%20version.pdf
http://www.ci.cannon-beach.or.us/docs/PS/CBTEB%203-20-09%20version.pdf
http://www.fema.gov/library/viewRecord.do?id=3463
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This example from Cannon Beach illustrates a key point in adaptation planning – that certain 
assets and systems are critical to a community’s resilience: if they can be protected from 
hazards such as ocean flooding, the community will be far less vulnerable.  Any discussion of 
these assets and systems must begin with a community’s most important asset – people. 
 
The people who live, work, visit and play along Tillamook County’s coast are protected by 
emergency services such as police, fire protection, emergency communications such as 911 and 
reverse-911 calling, and medical treatment and transportation. In coastal areas, additional 
specialized services have been established to protect boaters, swimmers and people playing on 
the beach. For example, communities along our coast have personnel trained for beach and 
water rescues and specialized equipment, such as personal watercraft and four-by-four vehicles 
that can operate in sand. These programs and services for responding to hazard events are 
emergency management.  That’s not what this plan is about. Rather, it is about risk 
management – reducing vulnerability by reducing a community’s exposure and sensitivity to 
coastal hazards and increasing its resilience. This type of risk management is accomplished by 
making good decisions about how and where we develop along the coast.80 To do that, we 
need to consider the extent and type of physical assets and systems that already exist there. 
There are four main categories of these assets and systems. 
 
The first category is the built environment – the homes, stores, motels and other structures on 

or near the coast that are vulnerable to shoreline erosion and hazards such as ocean flooding. 

The second is the service structures such as roads, water systems and sewers that together we 

describe as infrastructure. The third consists of natural resources such as beaches and wetlands. 

The fourth comprises a variety of key buildings and structures generally referred to as “critical 

facilities” They are “critical” in that they are especially vulnerable to coastal hazards or are 

essential for dealing with hazard events. A hospital is an example of a critical facility that is both 

vulnerable and essential. For that reason, hospitals should not be built in areas at risk from 

coastal hazards. The table on the next page shows the four systems and the main elements of 

each. 

                                                      
80

 “Community vulnerability . . . is primarily determined by how communities occupy and use hazard-prone land.”  

Nathan Wood, Variations in City Exposure and Sensitivity to Tsunami Hazards in Oregon, US Geological Survey 

Scientific Investigations Report 2007-5283, p. 2. 
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Main Assets and Systems Vulnerable to Coastal Hazards 

Built Environment Infrastructure Natural Resources Critical Facilities 

Shorefront homes and other 

buildings subject to wave 

overtopping or beach, dune 

or bluff erosion 

Roads, streets and 

bridges subject to 

coastal erosion or 

flooding 

Beaches and dunes Evacuation routes, 

including roadways, 

bridges and sidewalks, 

Structures in low-lying areas 

subject to ocean flooding or 

tsunami inundation 

Facilities for water 

treatment and 

distribution 

Freshwater wetlands Fire and police stations 

Shorefront protective 

structures such as 

revetments and bulkheads 

Facilities for 

sewage treatment 

and collection  

Wildlife habitat Hospitals 

Coastal parks and 

recreational facilities 

Law enforcement 

facilities  

Surface water bodies 

(rivers, streams, lakes, 

estuaries, reservoirs) 

Daycare centers; 

retirement centers; and 

nursing homes 

Beach access facilities for 

the public (stairs, walkways, 

viewing platforms) 

Fire protection 

facilities 

Riparian areas Places of public 

assembly including 

auditoriums, churches, 

theaters,  gymnasiums 

and stadiums 

Port facilities; marinas Emergency 

medical services 

Drainage swales Schools 

Historical, cultural or 

archeological resources in 

areas subject to erosion and 

flooding 

Electrical 

distribution facilities 

such as 

transformers 

 Electricity generating 

plants and substations 

 Natural gas 

distribution or 

storage facilities 

 Shelters, missions and 

residential care facilities 

 Bicycle and 

pedestrian paths 

 Communications 

centers 

 Regional pipelines 

or transmission 

systems 

 Dams 

 Transit systems  Facilities for processing, 

storing or distributing 

hazardous materials 

 Pump stations  Dikes and floodgates 

   Airports 
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10.1  Built  Environment 

For assets in the “built environment” group, vulnerability is largely a result of exposure: they 
are, by definition, structures located in a coastal erosion hazard zone. Their vulnerability can be 
reduced only through the use of hazard alleviation techniques described in Chapter 11 or by 
relocating the structure. Relocation has, to this been point, been little used along the Oregon 
coast. That may change, however, as coastal erosion accelerates in some areas. In other states, 
most notably Alaska, entire communities have been relocated (at great cost) to safer upland 
sites after a combination of rising sea level and melting ice caused severe erosion.81 

 

10.2  Infrastructure 

Infrastructure is, to a large extent, tied to the built 

environment. To the extent that development 

occurs in the erosion hazard zone, the infrastructure 

that serves such development will have high 

exposure to hazards and thus high vulnerability. One 

example of such vulnerability was observed during 

the El Niño winter of 1997-1998, when  extensive 

beach erosion caused severe damage to the City of 

Port Orford’s sewage treatment system.82 

 

10.3  Natural Resources 

Of the natural resources affected by coastal erosion, 

the most vulnerable are, of course, the sandy 

beaches themselves and freshwater wetlands near 

the beaches, often located in the deflation plain 

behind the primary dune. One example is the 

extensive wetland in Neskowin between Highway 

101 and the developed area on the village’s 

foredune. Saltwater intrusion into wells and 

wetlands is a significant threat, not only to wetland 

resources in Tillamook County, but in coastal areas worldwide. The IPCC estimates that 30 

percent of coastal wetlands worldwide may be lost by the end of this century, largely due to sea 

level rise.83 

                                                      
81

 United States Government Accountability Office (GAO), Alaska Native Villages: Limited Progress Has Been 

Made on Relocating Villages Threatened by Flooding and Erosion, GAO-09-551, June 2009, at 

http://www.gao.gov/htext/d09551.html 
82

 Paul D. Komar, “El Niño and Coastal Erosion in the Pacific Northwest,” Oregon Geology, Volume 60, Number 3, 

May/June 1998, p. 61 
83

 Intergovernmental Panel on Climate Change, Climate Change 2007: Synthesis Report (A Summary of IPCC’s 

Fourth Assessment Report (AR4)), p. 10. On-line at http://www.ipcc.ch/pdf/assessment-

report/ar4/syr/ar4_syr_spm.pdf 

Vulnerable infrastructure 

“Coastal infrastructure will come 
under increased risk to damage 
and inundation under a changing 
climate with impacted sectors 
including transportation and 
navigation, coastal engineering 
structures (seawalls, riprap, 
jetties etc.) and flood control and 
prevention structures, water 
supply and waste/storm water 
systems, and recreation, travel 
and hospitality.” 
 
K.D. Dello and P.W. Mote, editors, 

Oregon Climate Assessment Report, 

Oregon Climate Change Research 

Institute, December 2010, p. 209, at 
http://occri.net/wp-
content/uploads/2011/01/OCAR2010_v
1.2.pdf 

 

http://www.gao.gov/htext/d09551.html
http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr_spm.pdf
http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr_spm.pdf
http://occri.net/wp-content/uploads/2011/01/OCAR2010_v1.2.pdf
http://occri.net/wp-content/uploads/2011/01/OCAR2010_v1.2.pdf
http://occri.net/wp-content/uploads/2011/01/OCAR2010_v1.2.pdf
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Estuaries also are vulnerable: climate change and sea level rise are likely to increase salinity of 

estuarine waters, altering and perhaps damaging significant fish and riparian habitat. Shallow 

tidal basins are especially vulnerable to such estuarine inundation. For example, in the Nestucca 

Bay National Wildlife Refuge, “7%-30% of the dry land is predicted to be lost” by 2100. 84 

 

                                                      
84

 K.D. Dello and P.W. Mote, editors, Oregon Climate Assessment Report, Oregon Climate Change Research 

Institute, December 2010, p. 236 

Vulnerable wildlife 

“The 2010 State of the Birds evaluated vulnerability to climate change for every avian species in North 
America (NABCI, 2010). Among all Oregon birds, nine species were given the highest rating for 
vulnerability and all were coastal species. [Emphasis added] Two of these species were breeding Black 
Oystercatchers (Haematopus bachmani; Fig. 7.4) and Pigeon Guillemots (Cepphus columba), and seven 
were species that migrated through or wintered on the Oregon coast: Surfbird (Aphriza virgata), 
Wandering Tattler (Tringa incana), Yellow-Billed Loon (Gavia adamsii), Black Turnstone (Arenaria 
melanocephala), Western Sandpiper (Calidris mauri), Rock Sandpiper (Calidris ptilocnemis), and Short-
Billed Dowitcher (Limnodromus griseus; also found in the Willamette Valley and Great Basin).” 

 

 
 

 
“Rising sea levels and ocean acidification threaten breeding and feeding habitats, respectively, for 
these Black Oystercatchers, one of nine bird species in Oregon given the highest rating for vulnerability 
to climate change by the North American Bird Conservation Initiative (NACBI, 2010). Photo by Brian 
Guzzetti.”  From K.D. Dello and P.W. Mote, editors, Oregon Climate Assessment Report, Oregon Climate 
Change Research Institute, December 2010, p. 277, at http://occri.net/wp-
content/uploads/2011/01/OCAR2010_v1.2.pdf 
 

http://occri.net/wp-content/uploads/2011/01/OCAR2010_v1.2.pdf
http://occri.net/wp-content/uploads/2011/01/OCAR2010_v1.2.pdf
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10.4  Critical Facilities 

The term “critical facilities” has long been used by planners to encompass a large and varied 
group of land uses that are especially vulnerable to hazards such as flooding and therefore 
should not be constructed on hazard-prone sites. Recent studies of risk management, however, 
have grown more precise in identifying and classifying such facilities, and that precision is 
reflected in Oregon’s statutes. As noted in Section 8.11, the Oregon legislature passed laws in 
1995 to regulate development in tsunami-inundation zones. Now codified as Oregon Revised 
Statutes (ORS) 455.446 and 455.447, the laws distinguish four categories of land uses that are 
restricted or prohibited from being built in tsunami-prone areas: 
 
Essential Facilities 

“(A) Hospitals and other medical facilities having surgery and emergency treatment areas; 
(B) Fire and police stations; 
(C) Tanks or other structures containing, housing or supporting water or fire-suppression materials 
or equipment required for the protection of essential or hazardous facilities or special occupancy 
structures; 
(D) Emergency vehicle shelters and garages; 
(E) Structures and equipment in emergency-preparedness centers; 
(F) Standby power generating equipment for essential facilities; and 

(G) Structures and equipment in government communication centers and other facilities required 
for emergency response.” 
 

Hazardous Facilities 
“Structures housing, supporting or containing sufficient quantities of toxic or explosive substances 
to be of danger to the safety of the public if released.” 

 
Major structures 

“Buildings over six stories in height with an aggregate floor area of 60,000 square feet or more, 
every building over 10 stories in height and parking structures as determined by Department of 
Consumer and Business Services rule.” 

 
Special occupancy structures 

“(A) Covered structures whose primary occupancy is public assembly with a capacity greater than 
300 persons; 
(B) Buildings with a capacity greater than 250 individuals for every public, private or parochial 
school through secondary level or child care centers; 
(C) Buildings for colleges or adult education schools with a capacity greater than 500 persons; 
(D) Medical facilities with 50 or more resident, incapacitated patients not included in 
subparagraphs (A) to (C) of this paragraph; 
(E) Jails and detention facilities; and 

(F) All structures and occupancies with a capacity greater than 5,000 persons.” 

 
The above terms were developed in consideration of the catastrophic hazard of tsunamis, not 
the chronic hazard of coastal erosion. The four-part division is useful, however, in considering 
what types of land uses should be limited or prohibited in a coastal erosion zone. This plan 
identifies these four main categories: 



Tillamook County Coastal Erosion Hazards Framework Plan, Final Draft,  June 10, 2011             Page 98 

Essential facilities are those buildings and structures needed to perform or support 
emergency services during or immediately after a hazard event such as a landslide – fire 
and police stations, for example. 

Hazardous facilities are those that, if damaged during a hazard event, would pose a danger 
to the public – fuel storage tanks, for example. 

Places of public assembly are facilities where large numbers of people gather – churches, 
theaters, and auditoriums, for example.85   

Special occupancy structures are buildings that house populations especially vulnerable to 
hazard events – schools, day-care centers, retirement homes and jails, for example. 

 
Placing these types of land uses in the coastal erosion zone increases the community’s 
vulnerability to coastal hazards. Having essential facilities there increases vulnerability because 
the facilities lose their effectiveness by being themselves at risk from coastal hazards. 
Hazardous facilities in the erosion zone increase the vulnerability of others by putting them at 
risk from fires, explosions or contamination if the facility is damaged or destroyed by a coastal 
hazard such as a landslide. Siting places of public assembly in the erosion zone increases 
vulnerability by putting large numbers of people in harm’s way, increasing the risk to them from 
hazard events and making their evacuation more difficult.  Finally, placing special occupancy 
structures in the erosion hazard zone increases vulnerability by increasing risk of hazards for 
those people least able to avoid or withstand them. 
 
Finally, a special category of land uses to be considering in risk management is the group of 
service systems known as lifelines.  Lifelines are linear utility or infrastructure networks or 
segments thereof essential to public health and safety during and after a hazard event.  The 
term includes critical roads, water lines, electricity distribution facilities, pipelines and 
communications. The distinction between, say, an evacuation route considered a lifeline and an 
ordinary street that’s not considered a lifeline sometimes is difficult to discern. The general 
rule, however, is that networks or segments of networks counted as lifelines should be 
developed as much as possible outside of hazard-prone area or given special protection where 
they must extend into such areas. 

For an example of how lifelines have been classified and mapped in one community, see 
Lifelines and Earthquake Hazards in the Greater Seattle Area, by Haugerud, Ballantyne, Weaver, 
Meagher and Barnett, at http://geomaps.wr.usgs.gov/pacnw/lifeline/index.html 

 
For the smaller coastal communities in Tillamook County, the lifelines of greatest concern are 
likely to be collector streets that link developed areas west of Highway 101 to that highway or 
the main north-south county road. Most of these collectors share many or all the following 
characteristics: 

 They are vital ingress routes for first responders during emergencies and hazard events. 

 They are equally vital egress routes for people evacuating the community. 

                                                      
85

 ORS 455.640(5) presents this definition: “’Structures of public assembly’” means structures which the public may 

enter for such purposes as deliberation, education, worship, shopping, entertainment, amusement or awaiting 

transportation.” 

http://geomaps.wr.usgs.gov/pacnw/lifeline/index.html
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 They are east-west routes perpendicular to the coast. They therefore pass through low-
lying flood-prone areas such as deflation plains and wetlands, or they pass over coastal 
bluffs and passes prone to landslides. 

 They are few in number, and hence may lack capacity for a sudden increase in traffic 
volume. Some communities or developed areas have only one or two of these 
collectors. 

 They do not connect with other collectors. For example, the unincorporated community 
of Tierra del Mar is served mainly by a handful of east-west streets that extend from the 
developed foredune to Highway 101 but lack any north-south connection with each 
other. No alternate route is available if such a collector is blocked. 

 In many cases, these lifeline collectors cross a low-lying bridge that is especially 
vulnerable to ocean flooding, earthquakes and tsunamis. Most of Neskowin, for 
example, is served by a single collector that crosses a bridge at Hawk Creek. The bridge 
deck is sometimes submerged during winter storms, and it is frequently battered by 
massive logs and debris. Most of these bridges perform multiple functions. In addition 
to carrying motor vehicles, they also serve as the main pedestrian and bicycle paths to 
Highway 101 and as river-crossing platforms for utilities such as water and sewer lines 
suspended beneath the bridge. Bridge failure during a hazard event thus may block 
vehicular travel, prevent the passage of pedestrians and cyclists, and break key utility 
connections. 

  
Developed areas and communities in Tillamook County with these vulnerable lifeline collectors 
include the following (listed from north to south): 

 Neahkahnie Beach 

 Manzanita 

 Nehalem Bay State Park 

 Nedonna Beach 

 Manhattan Beach 

 Rockaway Beach 

 Twin Rocks 

 Watseco 

 Cape Meares 

 Oceanside 

 Netarts 

 Whalen Island Park 

 Pacific City 

 Robert W. Straub State Park 

 Winema Beach 

 Neskowin 

 South Neskowin 
 
The vulnerability of these lifeline collectors is a central concern in Tillamook County’s effort to 
become more ready for and resilient to coastal erosion and related hazards. 
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11. Hazard Alleviation Techniques (HATs) 
 
The preceding description of coastal erosion hazards and vulnerabilities leads to an obvious 
question: what can we do about them? That is, what measures can we take to reduce or 
eliminate impacts of hazardous events like beach erosion or flooding? Such measures are 
referred to as hazard alleviation techniques or HATs. Think of them as the tools that make up 
our toolkit for adapting to coastal hazards. 
 
Outlined below are the main hazard alleviation techniques known to have been used in various 
places around the US and elsewhere. The list is long, but not all these would necessarily be 
effective or even possible to use in Tillamook County. For example, sand bypass systems are 
used on the east coast to move sand past inlets, which are common on barrier islands there. 
The much more rugged Oregon coast has no barrier islands and few inlets, so sand bypass is not 
likely to be useful for most conditions in Tillamook County.  
 

Category 1: Hard (Structural) HATs 

Structures parallel to shore: 

Bulkhead – A vertical retaining wall to impound 
sand or soil thus prevent sloughing or 
erosion of coastal property.  See 
http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=AR
TICLES;186&g=41 

Revetment (including riprap) – A sloping rock 
face to protect beachfront property. See 
http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=AR
TICLES;141&g=41 

Sand bypass – A hydraulic or mechanical 
system to move sand around some 
obstacle, typically an inlet, from an 
accreting area to an eroding area. 

 Seawall – A vertical wall, often concrete, primarily to protect property against wave attack. 
See http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;140&g=41 

Sill – A low nearshore wall similar to a breakwater; it enables sand to build up behind it, 
creating a “perched beach.”  See 
http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;189&g=41 

 
Structures perpendicular to shore: 

Groin – A short wall, usually one in a series, extending seaward from shore, intended to 
trap sand and reduce beach erosion. See 
http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;188&g=41 

Jetty – A stone or concrete wall extending from the shore seaward at the mouth of river. 
See http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;514&g=41 

 

“A wide array of adaptation options 
is available, but more extensive 
adaptation than is currently 
occurring is required to reduce 
vulnerability to climate change.” 

Intergovernmental Panel on Climate 

Change, Climate Change 2007: 

Synthesis Report (A Summary of 

IPCC’s Fourth Assessment Report 

(AR4)), p. 14. On-line at 

http://www.ipcc.ch/pdf/assessment-

report/ar4/syr/ar4_syr_spm.pdf 

 

 

http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;186&g=41
http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;186&g=41
http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;141&g=41
http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;141&g=41
http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;140&g=41
http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;189&g=41
http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;188&g=41
http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;514&g=41
http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr_spm.pdf
http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr_spm.pdf


Tillamook County Coastal Erosion Hazards Framework Plan, Final Draft,  June 10, 2011             Page 101 

Structures offshore: 

Artificial reef – An offshore underwater mound or ridge intended to reduce or redirect 
wave impact. A variety of materials including derelict ships intentionally sunk offshore 
have been used to create such reefs. 

Breakwater – A nearshore rock or concrete wall extending above the water’s surface to 
reduce or redirect wave impact. See 
http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;187&g=41 

Reef breakwater – A nearshore underwater mound or ridge intended to reduce or redirect 
wave impact. The most common type is made of rubble, but a variety of materials 
have been employed, including sand, thereby creating an artificial offshore sandbar. A 
variation on this theme is to enclose the sand in long geo-textile tubes called sea bags. 

 

Category 2: Soft (Nonstructural) HATs 

Beach nourishment – The replenishment of sand eroded from a beach by importing sand 
from some other location. Usually, the imported sand is pumped onto the beach from 
a barge anchored above an offshore source of sand known as a borrow pit. See NOAA’s 
Beach Nourishment: A Guide for Local Government Officials at 
http://www.csc.noaa.gov/beachnourishment/html/human/law/history.htm 

Buffer dune – A low artificial dune created along an eroding beach to dissipate wave energy 
and thereby reduce beach erosion. See “Navarre Beach: Providing Protection for the 
Panhandle,” in Coastal Voice, the newsletter of the American Shore & Beach 
Preservation Association, September 2010, p. 13. 

Dune management – The reshaping of a dune’s height and shape with heavy equipment for 
purposes of flood control, view protection, or sand inundation prevention. See DLCD’s 
Dune Management Planning. 

Dune stabilization – The use of plantings (of European beach grass, for example) and, 
sometimes, dune fencing to reduce the effects of wind erosion.  See “Invasion of New 
Beach Grass Could Weaken Shoreline Protect in Science News, September 26, 2007, at 
http://www.sciencedaily.com/releases/2007/09/070923203558.htm 

Dynamic riprap (a.k.a. cobble berm or rubble beach) – A form of shore protection in which a 
cobble berm is placed on an eroding beach to dissipate wave impact. Cobble is 
essentially large gravel, with individual stones ranging from about 2 to 10 inches in 
diameter. See DOGAMI’S Dynamic Revetment for Coastal Erosion in Oregon at 
http://www.oregon.gov/ODOT/TD/TP_RES/docs/Reports/DynamicRevetments.pdf 

 
Category 3: Development HATs 

Abandonment of building – To surrender a building to whatever damage or destruction 
may occur from a coastal hazard. 

Increased elevation of building – To raise an existing building higher or to build a new 
structure to a specified height so as to avoid some hazard such as flooding or wave 
overtopping. 

http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;187&g=41
http://www.csc.noaa.gov/beachnourishment/html/human/law/history.htm
http://www.sciencedaily.com/releases/2007/09/070923203558.htm
http://www.oregon.gov/ODOT/TD/TP_RES/docs/Reports/DynamicRevetments.pdf
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Making buildings movable – To design and build structures so that they can be moved to 
safer locations during times of increased risk from hazards such as ocean flooding. 

Relocation of building – To move a building from a high-risk site to a site of lower risk. 

Relocation of community – To move a community from a high-risk site to a site of lower 
risk. 

Relocation of infrastructure – To move or re-route public facilities such as roads, sewers, 
water lines, and bridges to (a) make them less vulnerable to coastal hazards and (b) to 
ensure that critical facilities will be operable during hazard events. 

Runoff and drainage controls – To design, build and manage coastal development so as to 
reduce runoff or drainage that contributes to coastal erosion. 

Special building techniques – To design and build structures sited in higher-risk areas in 
such a way as to (a) increase the safety and integrity of the structure itself, and (b) to 
lessen risk that the structure’s failure might cause harm or damage to others. 

 

Category 4: Policy and Planning HATs 

Compensatory mitigation – Example: A development permit applicant must pay fee to 
compensate for costs to public resulting from the development (typically, for costs of 
beach nourishment) 

Conditions of development –  

 Floor elevation requirement:  Lowest habitable floor of development must be 
constructed at a specified elevation such as one foot above base flood elevation  

 Geological reconnaissance:  Development approval is contingent on a brief report from 
a qualified geologist who visits site and, based on observations, finds development 
to be appropriate 

 Geotechnical report:  Development approval is contingent on a detailed study from a 
qualified geologist who visits site and, based on scientific observations and field 
testing, finds development to be appropriate 

 Indemnification:  Applicant for a development permit must indemnify the government 
entity approving the development on a hazardous site – that is, hold the 
government harmless from any third-party litigation resulting from damage caused 
by the development 

 Land division standards – Example: Land may not be partitioned or subdivided unless 
the newly created parcels or lots have building sites outside of active erosion or high 
risk areas 

 Liability waiver:  Applicant for a development permit must sign a waiver declaring that, 
in the event of any damage to that development resulting from a hazard event, he 
or she waives the right to sue the government entity that approved the 
development 

 Safe-site requirement:  Development may be approved only on that portion of a lot or 
parcel deemed suitable. 
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Conservation easement – Example:  A property owner is paid by a public agency or 
nongovernmental organization to conserve land from certain types of use or 
development 

Floodplain management – Development in flood-prone areas is regulated in accordance 
with FEMA floodplain management regulations 

Hazard-area overlay zone – Areas at risk from hazards such as erosion or landslides are 
subject to hazards overlay zone, which sets standards and requirements based on type 
and degree of risk 

Prohibition of development – New development is not allowed on sites determined to be at 
specified risk from hazard 

Public education – Development officials prepare materials on coastal hazards and conduct 
programs to notify and inform key audiences 

Public notification and review – Proposals for new development in specified areas must 
secure a coastal hazards permit through a review process that involves notification to 
interested persons and agencies, opportunity for public comment, notice of decision, 
and opportunity to appeal 

Purchase of development rights (PDR) – Governments or nongovernmental organizations 
buy all rights to development of selected property for purposes of eliminating risk to 
development there or to facilitate hazard management of nearby property 

Setback – Development is not permitted within a specified distance of some feature 

Transfer of development rights (TDR) – A process in which the owner of a “receiving 
property” may buy development rights from a “sending property.” The owner of the 
sending property thus gets reimbursed for a lost right to develop, while the owner of 
the receiving property gains a right to develop more intensively on his or her property. 
Example:  Under current zoning, the owner of a vacant farm parcel has the legal right 
to build one dwelling. She sells that right to the owner of a rural residential parcel that, 
without the transfer, has a right to build only one dwelling. The transfer thus leaves 
the farm parcel protected from development and doubles the development potential 
of the rural residential parcel, all at no cost to taxpayers.  

 

11.1  Choosing the Right HAT 

We have quite a variety of tools to choose from: the toolkit for dealing with coastal hazards is 
large. To determine which hazard alleviation technique (HAT) is best for a given situation, we 
need to consider a multitude of factors: 

Effectiveness – To what extent will the HAT that’s being considered alleviate the coastal 
hazard? 

Capital Cost – What will be the initial costs to build or put into effect the HAT? 

Maintenance Costs – How much will the HAT cost to maintain over time? 

Funding Availability – Does a reliable source of funding exist, both for the initial costs of the 
HAT and for its continued maintenance?  

Materials Availability – Are essential materials such as suitable rock for riprap or sand for 
beach nourishment available at a reasonable price?   



Tillamook County Coastal Erosion Hazards Framework Plan, Final Draft,  June 10, 2011             Page 104 

Durability (a.k.a. “design life”) – To what extent is the HAT an enduring long-term solution 
to the problems presented by the hazard? 

Environmental Impact – Are the likely effects of this HAT on environmental systems and 
natural resources consistent with local, state and federal standards and proportionate 
to the benefits of the HAT to development? 

Public Access – Will the HAT ensure adequate public access to coastal resources? 

Public Safety – Will the HAT ensure adequate safety for citizens residing or working in 
hazardous areas and for visitors to such areas? 

Legality – Is the HAT consistent with local, state and federal laws regarding coastal hazards, 
coastal resources, and coastal zone management? 

Design – If the HAT alters the built environment or natural environment, are such 
alterations consistent with local standards for design, appearance and visual impact? 

 
Unfortunately, despite the significance of the eleven factors described above, many of them are 
given short shrift when it comes to deciding which HAT to use in a given situation. That’s 
because such decisions often are made only when a catastrophic event such as an extreme 
winter storm suddenly reminds us about the hazards of coastal erosion. At that moment, short-
term effectiveness tends to trump everything else. The result is likely to be selection of a “hard” 
structural HAT that may quickly reduce the immediate threat to beachfront properties but also 
creates long-term problems for entire community. 
 
This tendency for most responses to coastal erosion to be short-term, reactive decisions is one 
of the key reasons to have an adaptation plan. Such a plan provides a forum in which we can 
consider all the factors listed above and thereby take long-term pro-active measures for dealing 
with coastal erosion – before the next big storm. 
 
The table on the next page summarizes the main hazard alleviation techniques available and 
the key factors that should be considered when deciding which HAT to use. 
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Factors To Consider in Choosing Erosion Hazard Alleviation Techniques (HATs) 
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1. Hard (Structural) HATs 

Bulkhead             

Revetment            

Sand bypass            

Seawall            

Sill (for “perched beach”)            

Groin            

Jetty             

Artificial reef            

Breakwater            

Reef breakwater            

2. Soft (Nonstructural) HATs 
Beach nourishment            

Buffer dune            

Dune management            

Dune stabilization            

Dynamic riprap             

3. Development HATs 
Abandon structure            

Elevate structure            

Make structure movable            

Relocate structure            

Relocate community            

Modify or relocate 
infrastructure 

           

Control runoff and drainage            

Modify structure            

4. Policy and Planning HATs 
Compensatory mitigation            

Conservation easement            

Floor elevation COD 
(Condition of Development) 

           

Require geologic 
reconnaissance  (COD) 

           

Require geotech report 
(COD) 

           

Indemnification (COD)            

Land div. standards (COD)            

Liability waiver (COD)            

Safe-site requirement (COD)            

Floodplain management            

Hazard-area overlay zone            

Prohibition of development            

Public notice and review            

Public education            

Purchase of developmt rights            

Setback            

Transfer of developmt rights            
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Storm berm constructed at Navarre, Florida, in 2006 to protect the beach and shoreline properties 
Paden E. Woodruff III, “Providing Protection for the Panhandle,” in Coastal Voice: The Newsletter of the 
American Shore & Beach Preservation Association, September 2010, p. 16. 
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12. Funding and Technical Assistance 
 
For a community preparing for and adapting to geologic hazards, the most difficult 
question often may be “How shall we pay for it?” NOAA answers that with what might 
be called guarded optimism: 

One of the biggest challenges to the implementation of climate change adaptation 
actions is funding. This will likely require creativity and networking and will be an 
ongoing effort. Currently, there is not a lot of funding directly targeted at climate 
change adaptation. But, there are a number of grant opportunities for restoration, 
conservation, hazard mitigation, infrastructure (e.g., installing new/updating existing), 
and community and economic development.86 

 
This chapter describes some of those funding opportunities, sources and strategies (as 
well as some examples), beginning with the private sector and moving then to local, 
state and federal sources and programs. It also mentions several opportunities for 
technical assistance. In some cases, the distinction between “state” and “federal” 
programs is blurred, in that federal grants sustain certain state programs. 
 
It is important to note the major distinction between planning assistance and project 
assistance. Planning assistance is funding and technical aid for communities to develop 
local plans for dealing with coastal hazards. Project assistance is funding and technical 
aid for specific hazard alleviation techniques such as building a seawall. Some state and 
federal agencies provide planning assistance but not project assistance. Others provide 
project assistance but not planning assistance. Few, if any, provide both. For example, 
NOAA and the Oregon Coastal Management Program, which administers several NOAA 
grant programs in this state, offer funding and technical assistance for plans such as this 
one, but have no funds or programs to develop local projects. In contrast, FEMA 
provides funding and technical assistance for a wide range of hazard alleviation projects 
– even relocation of entire communities. 
 
In the past, hazard “mitigation” often consisted mainly of large public works projects 
such as dams and levees, and rapid emergency response to catastrophic hazards such as 
hurricanes. More recently, however, many state and federal agencies have been placing 
an increased emphasis on adaptation and preparedness planning. Today, sound local 
adaptation planning often is a prerequisite for the limited amount of state or federal 
project funding that is available. 
 

12.1  Private Funding 

In most cases today, adaptation to coastal erosion consists largely of sporadic actions by 
individual owners of beachfront properties seeking to protect their property from 
damaging erosion. These piecemeal efforts often are uncoordinated and unplanned – 

                                                      
86

 National Oceanic and Atmospheric Administration (NOAA). Adapting to Climate Change: A Planning 

Guide for State Coastal Managers. NOAA Office of Ocean and Coastal Resource Management. 2010. P. 

103.   http://coastalmanagement.noaa.gov/climate/adaptation.html 

http://coastalmanagement.noaa.gov/climate/adaptation.html
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hasty measures taken in response to damage from the last big storm.  Typically, the 
solutions seized on are structural – riprap revetments, for example. The urgent need to 
protect beachfront structures tends to trump other considerations, such as the long 
term cumulative effects of such structures. 
 
Private “homeowners insurance” (property insurance) often is assumed to be the main 
source of funding for recouping costs from coastal erosion. That assumption is rarely 
warranted, however, for two reasons. 
 
First, the standard homeowner policy typically excludes damage caused by earthquakes, 
flooding, landslide, mudslide, or earth movement.  Separate policies are commonly 
available for flooding and earthquakes, but coverage usually is not available for 
landslides and mudslides.  It is important for owners of coastal property to know that 
earthquake insurance does not cover a loss caused by landslides, erosion, or tsunamis, 
even if an earthquake causes them to happen. Coastal residents can get flood insurance 
through the National Flood Insurance Program that will protect against a tsunami.87 
Flood insurance obtained through that program, however, is limited to a maximum of 
$250,000 on a residential building. Many beachfront homes cost much more than that. 
 
Second, the huge losses incurred by companies insuring Gulf Coast properties after 
2005’s hurricane Katrina caused many carriers to raise rates, increase deductibles, and 
exclude more “perils” from coverage. In some coastal areas, major carriers have 
stopped issuing new homeowners policies altogether. Others have declined even to 
renew existing policies.88 One major carrier is said to have adopted a nation-wide policy 
of issuing no coverage for any property within 1,000 feet of the ocean, but we have 
been unable to verify that. In any case, property insurance in the post-Katrina era seems 
likely to be more expensive, more difficult to obtain, and less comprehensive in its 
coverage. 
 
Such problems became so severe in Florida that the state established a not-for-profit 
“Citizens Property Insurance Corporation” that now is the largest home insurer in the 
state. The corporation describes itself this way: 

Citizens is a not-for-profit, tax-exempt government corporation whose public purpose 
is to provide insurance protection to Florida property owners throughout the state. 
The corporation insures hundreds of thousands of homes, businesses and 
condominiums whose owners otherwise might not be able to find coverage.89 

 
One may argue that this is as far as an investigation of funding sources should go – that 
is, private property owners should pay all the costs to protect their individual properties 
from coastal erosion, either through private insurance or from their own pockets. That 
argument overlooks several significant questions of public policy, however. 

                                                      
87

 Oregon Department of Consumer and Business Services, Insurance Division, “Insurance Tips,” June 

2009, at  http://www.cbs.state.or.us/external/ins/consumer/consumer-tips/4845-5_earthquakes.pdf 
88

 “5 years after Katrina, homeowners insurance costs more,” USA Today, August 26, 2010. 
89

 Citizens Property Insurance Corporation website, https://www.citizensfla.com/about/generalinfo.cfm 

http://www.cbs.state.or.us/external/ins/consumer/consumer-tips/4845-5_earthquakes.pdf
https://www.citizensfla.com/about/generalinfo.cfm
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1. Do piecemeal actions of private property owners have significant public effects on 
coastal communities and natural resources? 
2. Do costs of adapting to coastal erosion or repairing damage from it sometimes exceed 
the capacity of individual landowners to pay them? 
3. If coastal erosion threatens not only beachfront dwellings but also a significant 
portion of a community’s infrastructure, land and resources, should the public bear 
some or all the costs of hazard alleviation? 
 
The answer to these questions will vary from one situation to another, but it surely is 
“Yes” in many cases. Adapting to coastal erosion thus is likely to require public support, 
and some form of local, state or federal funding. 
 

12.2  Local Funding  

Where a broader local funding base is needed, there are several options. Perhaps the 
most common source of project funding is the local improvement district or LID. With an 
LID, citizens with a common purpose, such as protecting their property from erosion, 
can form a district within which they generate revenue for the project by taxing 
themselves. In Oregon, the process for establishing such a district is prescribed by ORS 
Chapter 223. LIDs are solely for the purpose of funding “capital improvements,” so this 
may not be a suitable funding mechanism for the numerous (and often superior) non-
structural hazard alleviation techniques described in Chapter 11. 
 
A related form of local project funding is the systems development charge or SDC. The 
SDC is a way of paying for off-site costs to a community generated by land development. 
The SDC process is prescribed by ORS 223.297 – 223.315. The statute strictly limits the 
way in which municipalities may spend revenue from SDCs. Generally, the funds are to 
be used for roads, sewers, water systems, storm drains, and parks. But ORS 
223.299 (1)(a)(C) does provide that SDC revenues may be used for capital improvements 
related to “drainage and flood control.”  Whether this phrase encompasses hazard 
alleviation techniques for coastal erosion is uncertain. In any case, the SDC probably has 
little potential as a source of funding for hazard alleviation in most coastal communities, 
because it deals solely with capital improvements. As with LIDs, this requirement would 
limit its use to structural HATs. Also, the relatively small amounts of development in 
small coastal communities probably would not generate sufficient revenues. 
 
Another potential local revenue source is the compensatory mitigation fee. This is a 
charge leveed on property owners to compensate for certain impacts of their 
development on the community. It does not appear to have been used in Oregon. We 
find it mentioned in the state of Hawaii’s Coastal Erosion Management Plan with no 
explanation of its use or effectiveness. In that state, where the armoring of many miles 
of coastline has caused massive erosion of beaches, the revenue from the fee is to be 
used for the expensive and continuing process of “beach nourishment” (replenishment 
of sand). Hawaii’s Coastal Erosion Management Plan describes the fee thus: 

Compensatory Mitigation  If environmental impacts cannot be minimized, the concept 
of compensatory mitigation can be employed where the landowner contributes to the 
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state or county an amount related to the costs to develop or replenish similar beach 
resources elsewhere.90 

 
The traditional local methods of fund-raising in Oregon, such as bonding and taxation, 
presumably can be used to fund coastal erosion adaptation projects and programs. We 
know of no municipality in Oregon that has passed bond measures specifically for that 
purpose. 
 
In Oregon, most local adaptation planning is paid for through a combination of federal 
grants matched with local funding and in-kind services. Typically, the local planning or 
community development department provides local staffing, while state agencies such 
as DLCD’s Oregon Coastal Management Program provide planning grants and technical 
assistance, which often originate with federal programs and agencies. 
 

12.3  State Funding and Technical Assistance 

Most adaptation planning in the United States occurs through state-level programs 
funded partly through federal grants. In Oregon, the key agencies and programs are 
these: 
 
Oregon Department of Land Conservation’s Ocean and Coastal Management Program. 
DLCD and the OCMP administer Oregon’s federally approved Coastal Zone Management 
(CZM) Program. The state thus receives a variety of federal funds (described in the next 
section) for various coastal programs, some of which deal with coastal erosion. 
 
Oregon Parks and Recreation Department. OPRD is charged with “protecting and 
preserving the recreation, scenic and natural resource values found on Oregon's ocean 
shore.” It is the lead agency in administering permits for shoreline protective structures. 
It has no grant or technical assistance programs for coastal erosion adaptation. 
 
Oregon State University, through its Sea Grant program (see next section), provides 
both technical and limited financial assistance to coastal communities.  OCMP, OPRD 
and OSU/Sea Grant all played a significant part in providing resources and technical 
assistance to Tillamook County for development of this plan. 
 
Oregon Partnership for Disaster Resilience.  Since 2000, OPDR at the University of 
Oregon’s Community Service Center has been leading a statewide planning initiative to 
build capacity for the development of state, regional, and local mitigation plans and 
projects. Natural hazard mitigation planning occurs in partnership with Oregon 
Emergency Management, Department of Land Conservation and Development, 
Department of Geology and Mineral Industries, FEMA Region X, and local governments 
throughout Oregon. See http://opdr.uoregon.edu/mitigation 
 

                                                      
90

 Hawaii Department of Land and Natural Resources, Coastal Erosion Management Plan – COEMAP, 

2000, p. 25, at http://hawaii.gov/dlnr/occl/documents-forms/policies-plans/coemap.pdf/view 

http://opdr.uoregon.edu/mitigation
http://hawaii.gov/dlnr/occl/documents-forms/policies-plans/coemap.pdf/view
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University of Oregon. In Oregon, a unique program for technical assistance to small and 
rural communities is the University of Oregon’s RARE Program. RARE recently sent out 
this announcement about its program for 2011: 

The Resource Assistance for Rural Environments (RARE) Program is currently recruiting 
non-profit and governmental organizations for the 2011 - 2012 program year.  The 
mission of the RARE Program is to increase the capacity of rural communities to 
improve their economic, social, and environmental conditions, through the assistance 
of trained graduate-level participants, from across the US, who live in and serve the 
communities for 11 months. RARE participants assist communities in the development 
and implementation of projects for achieving a sustainable natural resource base and 
improving rural economic conditions.  The RARE program is now in its 17th year, over 
the years it placed more than 300 volunteers and served nearly every Oregon county. 

For more information about RARE, including the benefits and the costs of the program, 
please visit our web site at:  http://csc.uoregon.edu/rare. 

 
Some states provide tax credits or grants to owners of coastal properties who remodel 
their homes to make them more resistant to flood or wind damage. Some require 
insurance carriers to offer lower premium rates to homeowners who remodel their 
homes so as to meet higher code standards for wind and flood hazards. 
 

12.4  Federal Funding and Technical Assistance 

CZMA:  For Oregon, the main source of grants and technical assistance for coastal 
erosion adaptation planning has been the federal Coastal Zone Management Act 
(CZMA), administered by the NOAA’s Office of Ocean and Coastal Resource 
Management (OCRM)). OCRM describes the CZMA grant programs as follows:91 

Coastal Management Programs: OCRM awards four types of funding to the nation’s 
34 state and territory state coastal zone management programs, to protect, restore, 
and responsibly develop coastal communities and resources. 

 Administrative Grants: Under Section 306 of the Coastal Zone Management Act 
(CZMA), OCRM provides 1:1 matching funds to states to administer their coastal zone 
management programs. 

 Coastal Resource Improvement Program: Under Section 306A of the CZMA, state 
coastal zone management programs may choose to spend up to half of their Section 
306 funds on small-scale construction or land acquisition projects that enhance public 
access to the coast, facilitate redevelopment of urban waterfronts, or preserve and 
restore coastal resources.92  

 Coastal Zone Enhancement Grants: Under Section 309 of the CZMA, OCRM 
provides zero match Coastal Zone Enhancement Program funds to state coastal zone 
management programs to enhance their programs in one or more areas of national 
significance.  

 Coastal Nonpoint Pollution Control Program (Technical Assistance): Congress 
appropriates 1:1 matching funds to help state coastal zone management programs 

                                                      
91

 OCRM website, “Coastal Management Programs,” http://coastalmanagement.noaa.gov/funding/welcome.html 
92

 306A grants once were used to fund a variety of projects in Oregon, but in recent years, no grants have 
been available. 

http://csc.uoregon.edu/rare
http://coastalmanagement.noaa.gov/about/czma.html#section306
http://coastalmanagement.noaa.gov/programs/czm.html
http://coastalmanagement.noaa.gov/programs/czm.html
http://coastalmanagement.noaa.gov/about/czma.html#section306a
http://coastalmanagement.noaa.gov/about/czma.html#section309
http://coastalmanagement.noaa.gov/enhanc.html
http://coastalmanagement.noaa.gov/funding/welcome.html
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implement their Coastal Nonpoint Pollution Control Programs under Section 310 
(Technical Assistance) of the CZMA. 

 
Section 309 of the CZMA offers states an opportunity to enhance their current coastal 
management programs nine coastal zone enhancement areas.  One of the nine areas is 
“Coastal Hazards.” A Section 309 grant administered by the Oregon Coastal 
Management Program paid for development of this framework plan. 

 
Sea Grant:  Sea Grant is a nationwide network of 32 university-based programs that 
work with coastal communities. Sea Grant is administered through the National Oceanic 
and Atmospheric Administration(NOAA). For information about the Sea Grant program 
at Oregon State University, see http://seagrant.oregonstate.edu/  OSU Sea Grant does 
offer some small grants, mostly for research. 
 
Other Sea Grant programs have offered small grants to coastal communities for 
adaptation planning. Virginia Sea Grant, for example, will offer $50,000 in matching 
grants to three or four coastal communities in 2011 to help them develop adaptation 
plans. See http://www2.vims.edu/seagrant/res-funding_docs/2011_CCA_announcement.pdf 
 
FEMA:  The Federal Emergency Management Agency (FEMA) administers the Pre-
disaster Hazard Mitigation93 Act of 2010 (Public Law 111-83). Congress recently 
reauthorized $580 million for FEMA to operate the Pre-disaster Hazard Mitigation 
Program for fiscal years 2011, 2012, and 2013. FEMA describes the grants for this 
program in these words:94 

The Pre-Disaster Mitigation (PDM) program provides funds to states, territories, Indian 
tribal governments, communities, and universities for hazard mitigation planning and 
the implementation of mitigation projects prior to a disaster event. 

Funding these plans and projects reduces overall risks to the population and 
structures, while also reducing reliance on funding from actual disaster declarations. 
PDM grants are to be awarded on a competitive basis and without reference to state 
allocations, quotas, or other formula-based allocation of funds.   

 
It is unclear whether FEMA’s PDM program offers any funding for coastal hazard 
adaptation planning. 
 
FEMA’s Community Rating System (CRS) provides incentives and guidelines for 
establishing planning performance standards in coastal communities:95 

The CRS offers reduced premium rates for communities that implement adequate land 
use and loss control measures, facilitate accurate risk ranking, promote flood 

                                                      
93

 “Mitigation” is a term of art that sometimes includes adaptation. Federal agencies such as FEMA often 

use mitigation broadly. It should not be assumed that programs with the word mitigation in their title or 

purpose statement contain no provisions for adaptation planning or implementation. 
94

 FEMA, “Pre-Disaster Mitigation Grant Program,” 

http://www.fema.gov/government/grant/pdm/index.shtm 

95
 FEMA, “Community Rating System,” at http://www.fema.gov/business/nfip/crs.shtm 

http://coastalmanagement.noaa.gov/nonpoint/welcome.html
http://coastalmanagement.noaa.gov/about/czma.html#section310
http://seagrant.oregonstate.edu/
http://www2.vims.edu/seagrant/res-funding_docs/2011_CCA_announcement.pdf
http://www.fema.gov/government/grant/pdm/index.shtm
http://www.fema.gov/business/nfip/crs.shtm
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insurance awareness, and encourage measures for the management of natural and 
beneficial floodplain functions and erosion hazards. Communities may receive 
additional credit for implementing eligible mitigation activities. This could include 
changes in the shoreline setback, or development of mitigation plans that place 
stricter development and building guidelines on structures in the coastal V zone. 

 

For CRS participating communities, flood insurance premium rates are discounted in 
increments of 5%; i.e., a Class 1 community would receive a 45% premium discount, 
while a Class 9 community would receive a 5% discount (a Class 10 is not participating 
in the CRS and receives no discount). The CRS classes for local communities are based 
on 18 creditable activities, organized under four categories: 

1. Public Information, 

2. Mapping and Regulations, 

3. Flood Damage Reduction, and 

4. Flood Preparedness. 

 
FEMA also offers the Flood Mitigation Assistance (FMA) program, which provides 
mitigation assistance grants and mitigation insurance coverage to eligible states and 
communities: 
 

FEMA provides FMA funds to assist States and communities implement measures that 
reduce or eliminate the long-term risk of flood damage to buildings, manufactured 
homes, and other structures insured under the National Flood Insurance Program.96 

 

USACE:  The US Army Corps of Engineers (USACE) traditionally has focused on public 
works related to commercial navigation, hydropower, and flood and coastal storm 
damage reduction. In recent years, it has placed increasing emphasis on sustainability 
and climate change mitigation. Its mission statement with regard to sustainability 
includes a provision for “engaging in regional and local sustainable planning efforts to 
achieve sustainable communities.”97 It is unclear whether any USACE funding is available 
to local governments for coastal hazard adaptation planning. 
 
The Corps has conducted an “overall assessment” of erosion, including coastal erosion 
hazards, for the entire state of Alaska.98 It also has spent many tens of millions of dollars 
to relocate several communities in Alaska threatened by rapid sea level rise. 
 
EPA: The Environmental Protection Agency (EPA) manages some programs that offer 
funding and technical assistance for local hazard adaptation efforts. For examplehe Long 
Island Sound Study (LISS) “received a Partner Start-up Grant from the U.S. 

                                                      
96

 See http://www.fema.gov/government/grant/fma/index.shtm 
97

 USACE, :Sustainability,” at 

http://www.usace.army.mil/sustainability/Documents/Sustainability_fact_sheet_20100901.pdf 
98

 US Corp of Engineers’ Alaska Baseline Erosion Assessment: Study Findings and Technical Report, 

March 2009, 

http://www.poa.usace.army.mil/en/cw/planning_current%20projects%20info/Alaska%20Baseline%20Erosi

on%20Assessment%20(BEA)%20Main%20Report.pdf 

http://www.fema.gov/government/grant/fma/index.shtm
http://www.usace.army.mil/sustainability/Documents/Sustainability_fact_sheet_20100901.pdf
http://www.poa.usace.army.mil/en/cw/planning_current%20projects%20info/Alaska%20Baseline%20Erosion%20Assessment%20(BEA)%20Main%20Report.pdf
http://www.poa.usace.army.mil/en/cw/planning_current%20projects%20info/Alaska%20Baseline%20Erosion%20Assessment%20(BEA)%20Main%20Report.pdf
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Environmental Protection Agency’s Climate Ready Estuaries Program to develop an 
adaptation plan for the Town of Groton, Connecticut.”99  See “Adaptation Planning” on 
EPA’s website at http://www.epa.gov/climatereadyestuaries/adaptation.html 
 
Other Federal Agencies:  The US Department of Agriculture, Natural Resources 
Conservation Service, US Army Corps of Engineers, Bureau of Land Management, and US 
Geological Survey all have programs and, in some cases, grants for erosion control. Most 
of those programs, however, focus on controlling soil erosion and management of 
watersheds. We are unaware of any provisions in these programs that would advance 
local adaptation planning for coastal erosion hazards. 
 
The plethora of federal programs and agencies makes it difficult to assess which 
programs may offer grants or technical assistance suitable for coastal hazard adaptation 
planning in any given community’s.  It seems clear, however, that the most likely 
sources reside in NOAA and FEMA. 
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 See http://www.cakex.org/case-studies/845 

http://www.epa.gov/climatereadyestuaries/adaptation.html
http://www.cakex.org/case-studies/845
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12.5  International Sources of  Funding and Technical Assistance 

The ICLEI is an international body originally known as the “International Council for 
Local Environmental Initiatives.” It later changed its name to “Local Governments for 
Sustainability,” but it continues to use the ICLEI acronym. The organization has a proven 
track record in helping local governments deal with adaptation planning for climate 
change. The following description is quoted from Terri L. Cruce’s Adaptation Planning – 
What U.S. States and Localities are Doing, Pew Center on Global Climate Change, August 
2009, p. 21. 

ICLEI U.S.A.’s Climate Program assists over 575 member cities in 49 states in their 
efforts to reduce greenhouse gas emissions and protect the climate from further 
human impacts. In 2006, ICLEI collaborated with the University of Washington’s 
Climate Impacts Group and King County, Washington, to develop a guidebook for state 
and local governments to approach adaptation. Preparing for Climate Change: A 
Guidebook for Local, Regional, and State Governments describes ICLEI’s Five 
Milestones for Adaptation Methodology. Over the last three years, some ICLEI USA 
member cities completed climate resiliency or adaptation plans, leveraging the ICLEI 
methodology, including Keene, New Hampshire; Homer, Alaska; and Miami-Dade 
County, Florida. ICLEI has recently refocused its Climate Resilient Communities (CRC) 
program, which was initiated in 2005, to better serve its member cities that 
understand the need to take on adaptation in addition to mitigation. The CRC program 
is striving to improve local governments’ access to and understanding of relevant 
climate science and impacts data; support better integration of parallel mitigation and 
adaptation planning efforts; and tools and methods to guide its members through an 
adaptation planning process that includes analyzing likely climate impacts at the local 
government level, setting priorities, selecting appropriate options, and implementing 
effective adaptation actions. An Advisory Group of 22 member cities has been working 
with the CRC Program since March 2009 to provide it with deeper insight into the 
adaptation needs of local governments across the U.S., which guides the Program’s 
agenda and efforts. These 22 members include cities that have completed their initial 
adaptation plans and are focused on implementing their recommendations, such as 
King County Washington and Keene NH, as well as cities that are in-progress (e.g. New 
York City), and some that are highly motivated and trying to get started.”  See 
www.icleiusa.org/adaptation   

 

http://www.icleiusa.org/adaptation
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13. Findings 
 
With regard to the data and information presented in this document, Adapting to 
Coastal Erosion Hazards in Tillamook County: Framework Plan, 2011, we find the 
following: 
 
1. The problem of coastal erosion in Tillamook County has become acute in multiple 
areas along the county’s coastline. The dune-backed and bluff-backed beaches that 
make up much of the county’s shoreline are especially vulnerable to erosion. This 
coastal erosion causes or contributes to several significant hazards and problems: 

 It poses a serious risk of wave overtopping, ocean flooding, landslides, bluff 
failure, and sand inundation to vulnerable shorefront properties. 

 It poses a significant risk to key coastal resources, such as beaches, dunes, 
freshwater wetlands, and wildlife habitats. 

 It increases demand for costly shorefront protective structures that often 
accelerate beach erosion, limit public access to beaches, limit emergency access 
to beaches, and displace large areas of sandy beach. 

 It increases public costs for emergency management, for liability, and to protect 
and maintain infrastructure and public facilities. 

 It makes some areas more vulnerable to damage from climatic and geologic 
hazards such as tsunamis and earthquakes. 

 It increases private costs to protect and maintain coastal properties. 

 It increases risks to persons who reside in, work at, or visit hazardous areas along 
the coast. 

 
2. Coastal erosion is increasing and will continue to increase and perhaps even 
accelerate. One of the most significant factors in coastal erosion, relative sea level, has 
been increasing and is likely to increase further. The evidence in support of the increase 
is substantial and comes from multiple authoritative studies and sources. A second key 
factor, deep-water storm-wave height, has been increasing, but whether the wave 
heights will continue to grow remains unknown. Another key factor in coastal erosion is 
the El Niño Southern Oscillation (ENSO), which has been observed to accelerate erosion 
along Tillamook County’s coast, as demonstrated most notably during the winter of 
1997-1998. The long-term trend for strength and frequency of El Niño events is 
unknown. 
 
3. The climatological and geologic events and forces that cause or contribute to coastal 
erosion in Tillamook County will continue to occur. Current scientific methods and data, 
however, are not sufficient to make precise forecasts of the timing or extent of these 
events and forces. Despite that uncertainty, however, current scientific methods and 
data are sufficient to estimate the probability that key climatological and geologic 
events and forces will occur in specified places in the future. 
 
4. Tillamook County lacks the resources or expertise to make the estimates described in 
Finding 3 above. However, the state’s Department of Geology of Mineral Industries 
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(DOGAMI), the Department of Land Conservation and Development’s Ocean and Coastal 
Management Program (OCMP), Oregon State University (OSU), the United States 
Geological Survey (USGS) and other key state, federal and academic agencies do have 
the necessary resources and expertise. The county refers to the most recent scientific 
methods and data currently available from the leading state, federal, and academic 
agencies as the “best available science.” 
 
5. DOGAMI has monitored coastal erosion in Tillamook County for the past decade and 
has used the resulting data to prepare deterministic maps for the entire shoreline of the 
county. These maps show where erosion will occur under certain conditions. 
 
OSU and DOGAMI also have been exploring probabilistic methods to assess likely future 
erosion. These methods aim to quantify relative uncertainties in future erosion 
associated with climate change effects and morphology of the beach. That effort has 
produced a series of maps for the Neskowin area that identify areas at varying degrees 
of risk from erosion over different periods of time ranging as far into the future as 2100. 
These maps will be used as the basis for an adaptation sub-plan for the community of 
Neskowin.  
 
Taken together, the data and maps described above constitute the “best available 
science” regarding coastal erosion and related hazards in Tillamook County. These data 
and maps thereby meet the requirement of Statewide Planning Goal 2, Land Use 
Planning, to “To establish a land use planning process and policy framework as a basis 
for all decision and actions related to use of land and to assure an adequate factual base 
for such decisions and actions.”  
 

 
 
 
 
 

The high cost of coastal erosion . . .  

“In the United States, coastal erosion is responsible for approximately $500 million per 
year in coastal property loss, including damage to structures and loss of land. To mitigate 
coastal erosion, the federal government spends an average of $150 million every year on 
beach nourishment and other shoreline erosion control measures. Despite these efforts, 
a 2000 Heinz Center study found that erosion may claim one out of four houses within 
500 feet of the U.S. shoreline by mid-century.”  
 
NOAA Ocean and Coastal Management website, “Coastal Hazards,” at 

http://coastalmanagement.noaa.gov/hazards.html 

 

http://coastalmanagement.noaa.gov/hazards.html
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14. Policies 
 

1. The Coastal Erosion Hazards Adaptation Plan 
Tillamook County hereby adopts this plan, Adapting to Coastal Erosion Hazards in 
Tillamook County: Framework Plan, 2011, which shall become effective on [date]. The 
county shall apply, maintain, implement, and from time to time, amend this framework 
plan as needed to ensure its effectiveness. The area subject to this plan shall be that 
portion of Tillamook County within the “planning area” defined by Statewide Planning 
Goal 17, Coastal Shorelands, and described in Section 2.4 of this plan. 
 
2. Community Sub-Plans 
Tillamook County shall work with its unincorporated communities to develop and 
implement community sub-plans as needed to respond to specific local coastal erosion 
hazards. The framework plan is intended to help the individual communities with that 
task in several ways: 

 By providing a sound policy foundation on which to base community plans for 
adapting to and preparing for local erosion hazards; 

 By extracting from a broad range of complex scientific and technical reports the key 
points and critical information most relevant to coastal erosion hazards in 
Tillamook County; 

 By providing the detailed factual base and background information necessary to 
develop effective community plans for dealing with erosion hazards; 

 By coordinating the planning done by individual communities, service providers, 
and first responders in adapting to and preparing for coastal erosion hazards; 

 By enabling individual communities to make successful requests for funding and 
technical assistance from key agencies such as the Federal Emergency 
Management Agency; 

 By informing property owners, businesses, service providers and the general public 
about the risks and consequences of coastal erosion hazards; 

 By informing property owners, businesses, service providers and the general public 
about effective methods for adapting to and preparing for coastal erosion 
hazards; 

 By clearly expressing the county and state’s strong support for community 
adaptation planning efforts. 

 
3. Consistency of Plans 
Community sub-plans for adapting to and preparing for coastal erosion hazards are 
intended to augment and complement the framework plan described in Policy 1 above 
and shall be consistent with it. 
 
4. The Erosion Hazard Area 
Within the area subject to this plan, Tillamook County shall inventory and map lands at 
significant risk from coastal erosion and related hazards. The lands so identified shall be 
described as the “Erosion Hazard Area.” The Erosion Hazard Area shall be based on 
information, data and maps from DOGAMI, OSU and other key agencies as described in 
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Finding 5 above. In addition to using the above-referenced DOGAMI and OSU maps and 
studies, the county should review new scientifically credible coastal erosion information 
as it becomes available for potential inclusion within the county coastal erosion program 
 
5. Land Use Standards and Criteria  
Tillamook County shall develop and adopt land use regulations and standards that 
establish risk assessment and risk reduction measures for development within the 
Erosion Hazard Area.  Such regulations may include, but are not necessarily limited to, 
measures such as: 

 Requirements for site-specific engineering geologic assessments or reports for 
development in specified areas; 

 Content standards for engineering geologic reports which specifically address 
the full range of coastal hazards, including erosion hazards; 

 Building setbacks based on estimated erosion rates for new development within 
the Erosion Hazard Area; 

 Authority to impose conditions of approval on new development as necessary to 
ensure the protection of new and existing development and significant coastal 
natural resources; 

 Limitations on and/or design standards for new land divisions in the Erosion 
Hazard Area;  

 Requirements for applicants for new development within the Erosion Hazard 
Area to waive liability and hold the county harmless for damages from coastal 
hazards; 

 Requirements for applicants for new development within the Erosion Hazard 
Area to indemnify the county against third party damages from coastal hazards; 
and   

 Limitations or prohibitions on certain types of development (e.g. essential 
facilities, places of public assembly, special occupancy structures) within the 
Erosion Hazard Area 

 Provisions regarding existing development threatened by coastal erosion. 
 
6. Review and Revision of Plan 
Tillamook County shall work with the Department of Geology and Mineral Industries 
(DOGAMI) and Department of Land Conservation and Development (DLCD) to 
periodically review and, as needed, revise this coastal erosion hazards framework plan 
to ensure that it is based on the best available scientific information.  
 
7. Application of Framework Plan 
This framework plan neither repeals nor replaces any provisions of Tillamook County’s 
acknowledged comprehensive plan and land-use regulations. In the event of a conflict 
between policies of this framework plan and provisions of the county’s acknowledged 
comprehensive plan or land-use regulations, the more restrictive policy or provision 
shall apply. 
 
 



Tillamook County Coastal Erosion Hazards Framework Plan, Final Draft,  June 10, 2011             Page 120 

8. Financial and Technical Assistance 
Tillamook County should continue to seek technical assistance and funding for climate 
adaptation planning from likely sources such as NOAA, FEMA, and the ICLEI-US Climate 
Resilient Communities (CRC) Program. The county also should encourage use of local 
funding measures such as local improvement districts and conservation easements for 
appropriate hazard alleviation techniques. 
 
9. Linking the County’s Hazard Plans 
Tillamook County will investigate and consider ways to better integrate or perhaps 
combine its adopted 2005 Hazard Mitigation Plan and this Coastal Erosion Hazard 
Framework Plan. 
 
10. Beachfront and Shoreline Protective Structures  
Beachfront and shoreline protective structures, such as revetments and seawalls, intended 
for the protection of private property shall be constructed, maintained and repaired by the 
owner of the protected property. Tillamook County shall not incur any costs to build, 
maintain or repair any private beachfront or shoreline protective structure. 
 
11. Lifeline Roads 
Tillamook County shall identify key “lifeline” collector roads and streets as described in 
Chapter 10 of this plan. The county should use appropriate signage, parking restrictions, 
bridge and roadway maintenance, structural improvements, law enforcement and other 
suitable measures to ensure that lifeline roads will be maintained in peak operating 
condition during hazard events. 
 
 

 


