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Introduction

Coastal areas of the United States are affected by
a wide range of natural hazards that threaten lives
and property. Those hazards include severe
storms, floods, erosion, landslides, earthquakes,
Isunamis, and subsidence. Over the past decade
thc problem of coastal hazards has become more
pressing. Americans continue to demand more
opportunities for coastal recreation, leading to
pressure to develop resort areas and single-family
homes along the beach, The consequences of this
dcvclopmenl are increased exposure to storms
and the potential for loss of life and property, as
was vividly demonstrated in South Carolina when
Hurricane Hugo hit two years ago.

Another problem, although less dramatic, is
the interference of dcvclopincnt with natuul
shoreline processes. Erosion control structures,
such as scawalls and bulkheads, have the ironic
el feel of accelerating erosion, either in front of
the devclopmcnt the structure is designed to pro-
tect, or downdrift. In addition, these structures

inhibit the ability of the beach to absorb storm
energy, thus exposing struimres lo the full force
of wind and waves.

However, decision makers in the private and

public sectors should avoid basing policies on
preconceptions regarding typical shorelines and
their state of development. Eslahlishing setbacks
for new development, relocating endangered
structures, providing beach nourishment, building
protective structures, or doing nothing may each
be appropriate under specific local conditions.

State Responses Around the U.S.
Currently, 13 states have some form of setback

requirement for coastal development. Many states
also have laws lo protect dunes, which are the
first line ol' defense from storins  Maine 1987!.

Following are some examples of innovative
efforts to address coastal hazards  NOAA OCRM

I990!.

 I! North Carolina has established setback
lines in areas of designated ocean hazard to pro-
tect buildings from coastal storms. The setback
lines will ensure at least 60 years of protection
from coastal erosion for large structures and 30
years of protection for residential structures.
Building infrastructurcs that would serve occan-
hazard areas � such as roads, bridges, water and
sewer lines, and erosion-control structures � is
allowed only if the structures will be reasonably
safe from coastal hazards and will not promote
additional development in hazardous areas. Thc
state also provides hazard notices to all permit
applicants. The notices give the erosion rate in the
area, note that bulkheads and seawalls are not al-
lowed, and warn that thc area is hazardous and

the property owner is at risk.
�! South Carolina's 1988 Beachfront Man-

agement Act provides a comprehensive approach
for managing the state's beach and dune system.
The act requires the South Carolina Coastal
Council to determine local erosion rales for all

portions of the coast, except. areas already pro-
tected from development, and to establish devel-
opment setbacks derived from expected beach
erosion over 40 years. To help preserve the beach
and ensure that the act's 40-year retreat goal was
realized, the acl prohibits all new erosion-control
structures and requires that such stmctures dam-
aged more than 50% bc removed. The act also
requires the disclosure of specific. hazardous con-
ditions during property transfers.

In Seplcmbcr 1989, Hurncane Hugo provided
a severe test of the Beachfront Management Acl.
Since the hurricane struck, the state has faced po-
litical and legal pressures rcganling Ihc implica-
tions of the act for reconstruction and repair of
structures along lhc state's coast. After intense



debate over the future of beach management in
South Carolina, the act was amended in June

1990. The most significant changes are  I!
strengthened prohibitions against erosion control
structures by forbidding the construction of all
erosion control devices, not just vertical struc-
tures, and �! authority for the council to issue a
special permit when its restriction on develop-
ment would render a lot unbuildable  owners are
required to remove the structure if it becomes
situated on the active beach through erosion pro-
cesses!. Enforcement of the act has received

strong support from the South Carolina Supreme
Court, as I will discuss later.

f. �! The Rhode Island Coastal Resources Man-
agernent Council has mapped critical erosion ar-
eas and cakulated average annual erosion rates
for those areas. The state uses the information to

establish building setback lines in areas of in-
tense erosion. Additionally, the council has
adopted a poststonn policy which~uthorizes a
moratorium of up to 30 days on reconstruction of
structures in specific zones at least 50% de-
stroyed by storm, flood, wave, and wind damage,
During the tnoratorium, the state may consider
purchasing damaged properties or pursue other
mitigation responses.

�! In July 1989 the Michigan State Legisla-
ture amended the state's Sand Dunes Protection

and Management Act to grant the state Depart-
inent of Natural Resources authority to regulate
activities within newly defined "Critical Dune
Areas." Key provisions of the act include the des-
ignation of 70,000 acres of Critical Dune Areas,
the establishment of a model zoning plan for the
protection of sand dunes, and an option for local
govemrnents to administer the act. The amend-
rnents prohibit certain uses in Critical Dune Ar-
eas unless the administering authority grants a
variance.

�! Using the results of a recent study, the
Massachusetts Coastal Zone Managetncnt Pro-
gram has developed policies that require a review
of projects proposed in the 100-year floodplain to
determine thc effects of relative sea level rise as

well as the project's potential to exacerbate those
effects.

�! In California the San Francisco Bay Con-
servation and Development Commission has

taken a leadership role in planning for the effects
of possible future rises in sea level. In 1989 the
commission developed new policies to require
that new shoreline development take sea level
rise into consideration. These policies generally
require that any new project requiring fill should
be above the highest estimated tide level for the
design life of the development. The commission
also has been working with Bay Area local gov-
emments to assist them in addressing future sea
level rise.

�! The Delaware Coastal Management Pro-
gram has prepared a report which assesses rnan-
agement alternatives to address shoreline erosion

along Dclawaie's Atlantic coast over the next
decade. The report concluded that a policy of re-
treat ftom the coast was the only viable long-
tenn option, but also proposed a short-term
action plan, since implemented, to renourish
beaches where economically justifiK,

 8! In June 1989 thc Hawaii Coastal Zone
Management Program completed the "Hawaii
Shoreline Erosion Management Study," which
provided a comprehensive review of erosion
management in Hawaii. This was a critical step
toward developing consistent regulations govem-
ing the use of structural and nonstructural mea-
sures to control erosion, The study recommended
that the Hawaii coastal program take the lead in
working with county governments to develop
local long-term plans for managing erosion in
erosion-prone areas.

 9! In the Australian states of Victoria and

Tasmania, local governments have factored into
their coastal development decisions the possibil-
ity of sea level rise. Up and down Australia's ex-
tensive coastlines, structural responses to coastal
erosion are being reduced in favor of
renourishment of heavily used beaches, com-
bined with dune restoration and protection pro-
grarns. Officials are stringently reviewing coastal
sand-mining practices and policies. The Austra-
lian federal and Queensland state governments
plan to jointly nominate Fraser Island, the
world's largest sand island, to the World Heri-

tage conservation list in order to preserve it for
future generations.
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Federal Responses in the U.S.

In Washington, D.C., Congress continues to

wrestle with the legal and policy aspects of
coastal hazards management. For example, the
proposed National Flood Insurance, Mitigation,
and Erosion Management Aci of 1991 would
phase out federal flood insurance coverage for
existing development and prohibit such insurance
for new development in designated erosion-prone
coastal areas.

Under the Coastal Barrier Improvement Act of
1990, the United States Fish and Wildlife Service
is required to map all areas along the Pacific
coast, except Alaska, that might qualii'y I'or addi-
tion to the, federal Coastal Barrier Resources Sys-
tem established on ihe Atlantic and Gulf coasts

under legislation enacted in 1982. That legislation
prohibits any form oi federal assistance, including
federal flood insurance in coastal ateas desig-
nated as part of the coastal harrier system. Under
the 1990 amendments, the Interior Departmen
will recommend to Congress those Pacific coast

areas that state governors deem arc appropriate
for inclusion in the federal coastal barrier system.
Eldon Houi and Paul Klarin of the Oregon De-
partmen of Land Conservation and Development
 DLCD! are working closely with thc Fish and
Wildlife Service in an attempt to avoid the many
mapping errors that occurted in the Interior
Department's earlier effort to map Oregon coastal
bamers.

Building on the federal model, Maine's coastal
program has developed a state Coastal Barriers
Resource System. State expenditures for develop-
ment activities within the Maine coastal barrier

system are prohibited. Depending on thc outcome
of the federal process regarding Oregon coastal
barriers, Oregon might want io establish a state
coastal harrier system like Maine's.

Section 309 of the federal Coastal Zone Man-

agement Act Ainendments of 1990 established a
new federal grant program to encourage coastal
states like Oregon to improve their federally ap-
proved coastal zone management programs in
several areas, including the management of
coastal natural hazaids. The clear thrust of section

309 is toward further "preventing or significantly
reduc ing threats to life and destruction of

property by eliminating development and iede-
velopment in high-hazard areas... and anticipat-
ing and managing the affects of potential sea
level rise," As Oregon's coastal zone manage-
ment agency, DLCD could seek 309 funds for
what I believe would be a very timely review of
the legal and policy fmnewotk for coastal natural
hazards manageinent in Oregon. Those compo-
nents include goals 7, 17, and 18 of the statewide
land-use planning program; thc Removal-Fill law
 ORS 196.800-.990!, administered by the Divi-
sion of State Lands; and the Shoreline Construc-

tion law  ORS 390.605-.770!, administered by
the Parks and Recreation Division of the Depart-
ment of Transportation.

As my summary of recent state and federal
legislative developments indicate~, Oregon would
not be alone in taking a hard look at its coastal
hazards laws and policies during the 1990s.

Judicial Support for State and Local
Hazards Management

Certainly many of the state coastal hazard pro-
grams I have just described have resulted in in-
creased restrictions on coastal development. The
validity of some of those restrictions has been
challenged in the state and federal courts. In pre-

paring this paper I have done an extensive survey
of relevant state and federal court decisions and

can report to you that almost uniformly the courts
have supported the enforcement of development
restrictions based on credible scientific evidence

of a hazard to life or property  Mack 1983; Town
1991!. In the extreme situation where property is
tendered undevelopable by serious hazards, they
have supported ihc enforcement of such restric-
tions without requiring compensation to the af-
fected landowner.

Indicative of this trend of strong judicial sup-

port is a series of decisions rendered by the South
Carolina Supreme Court  Beard 1991; Lucas
1991! upholding the restrictions of South
Carolina's Beachfront Management Act on re-

construction of properties damaged by Hurricane
Hugo  Beatley 1990!. The South Carolina Su-
preme Court is probably as supportive of private
property rights as any state court in the nation.
Yet the court has upheld stringent enforcement of
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the South Carolina act's restrictions on recon-

struction in hazardous locations without compen-
sation to the affected landowners, finding that the
well-documented public harms that flow from

development in hazardous locations justify such
regulation  Carter 1984!. A federal court of ap-
peals just below the U.S. Supreme Court also has
upheld the validity of the South Carolina act
 Esposito 1991!.

These decisions regarding the South Carolina
act join recent court decisions regarding similar
legislation in Florida and elsewhere which also
have found that regulations strictly controlfing
development in hazardous coastal areas may be
enforced without compensation  Arrington 1989;
McNulty 1989; Rolleston 1980; Town 1981!.

I The lesson to be derived from these opinions
seems to be that where the legislature makes spe-
cific findings regarding the risks posed by coastal
natural hazards and sets forth policies to reduce
or avoid those risks, the courts generally will sup-
port enforcement of those policies  Comment
1991; Hwang 1991; Kusler 1989; Pendergrast
1984; Pfundstein and Charles 1991!.

The trend in the coastal hazards decisions just
described is further supported by a recent Califor-
nia decision regarding inland flood hazards  Rrst
English 1989!. That decision upheld a Los Ange-
les County moratorium on redevelopinent in a
flood-prone creek pending study of the safety is-
sues involved against a challenge that property
affected by the moratorium was being unconsfitu-
tionally taken without compensation. This case
had been sent back to the California court by the
U. S. Supreme Court after it rendered its famous
decision in the Firsr Enghsh Evangelical case,
which ruled that if local governments did regulate
private property unconstitutionally, they could
not merely repeal the offending regulation but
also must pay compensation for any damages suf-
fered by the regulated property owner due to the
regulation.

That basic principle continues to apply to
coastal hazards regulation as well. However, the
resulting Califomiacourt decision and the coastal
hazards decisions seem to stand for a very impor-
tant point: that when a coastal hazards regulation
is based on credible scientific evidence, the courts

are very unlikely to hold that the regulating

governmental entity has regulated property un-
consfltutionally. Regulations based on inadequate
evidence or on poorly documented evidence of
course remain vulnerable to judicial invalidation
 Annicelli 1983; Saint Joe Paper 1988!.

At this time it seems appropriate to assess the
current state of knowledge regarding natural
hazards oir the Oregon coast and the risks they
pose to life and property, both public and private,
Flowing froin that assessment. could be an
evaluation of the adequacy of current Oregon
regulatory and planning processes to reduce ar
avoid those risks.

Relevant Oregon court decisions seem to fall
in line with the general trend 1 have previously
outlined. The Oregon courts have supported pro-
tection of public access to the state's sandy
beaches through stringent state regulation of con-
struction on private property seaward of the
coastal vegetation line  State Highway Commis-
sion 1971!. A recent request to build a seawall on
the beach at Cannon Beach was rejected by state
and local agencies; the rejections were. then up-
held at the trial court level. These actions fall in

line with the general pattern in Oregon courts.
Any appellate court decision resulting from that
particular rnatter would obviously be an impor-
tant indicator of future directions in the Oregon
courts with respect to the control of shoreline
construction for reasons of natu' hazards as well

as public access.

Accommodating Public and Private
Interests in Coastal Hazards Manage-
ment

As I have said, the courts generally support
enforceinent of coastal hazards regulations with-
out compensation to affected landowners. How-
ever, that does not. mean that some form of

compensation may not be provided even though
it is not constitutionally required. Throughout the
nafion and in Oregon we need to give more
thought to schemes that recognize the sometimes

dramatic impacts of nature on coastal property
owners and that attempt to accommodate affected
private interests wherever possible. Techniques
for achieving such accommodation include �!
acquiring outright fee simple or less than fee
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simple interests such as conservation easements

in affected coastal properties, �! reducing prop-
erty tax values and rates, and �! awarding den-
sity bonuses and transferrable development rights
to alfected property owners,

I understand that in coastal Oregon soine local
governments have provided for density bonuses
to be awarded to developers who avoid hazardous
areas. Their experiences need to be documented.
Ideally such accommodations should be worked
out at the local level.

In that connection, I recently heard a
consultant's presentation on the development of a
loca1 wetlands conservation plan for Rockaway
Beach. The process was moving forwaid with
extensive local participation. The consultant ac-
knowledged that there clear! y would be some
winners and losers locally in the designation of
wetlands on privately owned property and in the
community decision making about their future.
Wetlands conservation has reached the highest
political levels in this nation, and local wetland
owners are faced with a great deal of uncertainty
and a period of rapid change in federal and state
laws, policies, and court decisions. However,
what impressed me was that it appeared there
would at least be some local winners in the

Rockaway Beach process. Without such a local
effort, wetland owners in Rockaway Beach might
only be losers in trying to deal with the rapidly

changing complexities of federal and state wet-
land law alld pohcy.

Implications for Oregon Coastal Haz-
ards Management

We know a lot more about coastal processes
and coastal engineering and their effects and lirni-
tations than we did when Oregon put in place its
current scheme for coastal natural hazards man-

agernent. The time may be right to review that
scheme and, where appropriate, revise it through
legislative action, administrative rule making,
comprehensive plan revisions, and related pro-
cesses. Furthermore, soine federal dollars may be
available to assist in that effort.

Following are some questions that need to be
reexamined:

�! Are structural protection devices always
bad for the adjacent beach and neighboring prop-
erties, or is that an overgeneralization?

�! Should alteration of dunes for view preser-
vation and similar purposes continue to be autho-

rized by goal 18?
�! Are the true and total costs, both direct and

indirect, of coastal developinent and coastal pro-
tection works currently being fairly allocated' ?

Oregon's current approaches to coastal haz-
ards need revision regardless of whether the Or-
egon coast will or will not be significantly
affected by any sea level rise caused by global
warming. And if at some point in the future, offi-
cials and scientists reach the consensus that accel-

erated sea level rise poses risks to Oregon, the
state's revised coastal hazards program will cer-
tainly he the starting point for designing and
implementing adaptive responses  Corfield 1987;
Rychlak 1990; Titus 1991, 1990!.

In conclusion, and in a more philosophical
vain, I believe three emerging international prin-

ciples governing resources development  inorally
but not legally binding at this point! are relevant
to revisions in Oregon hazards law and policy:

�! the "polluter pays" principle � the notion
that any development allowed in hazardous
coastal areas should pay its full costs;

�! the precautionary principle � the notion
that in the absence of good information about a
coastal developinent's safety and iinpacts on ad-
jacent beaches and neighboring properties, we
don't move forward with it until we have better

information, and

�! the principle favoring sustainable develop-
ment of resources over unsustainable develop-
ment building in hazardous coastal locations
generally is not a sustainable use of those re-
soilrces.
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In adopting the 1972 California Coastal Initiative,
the public set a new statewide direction in coastal
land use. Seeking to reverse the inctemental,

piecemeal, sprawling pattern of development that
had already overrun inany coastal areas and de-
graded the quality of the contiguous public trust
lands, the people were unequivocal regarding the
primacy of coastal protection, declaring: 'The
permanent protectiott of the remaining natural
and scenic resources of the coasLtl zone is a para-
mount concern to present and future residents of
the State and nation"  State of California 1972!.

The California Coastal Zone Conservation

Commission  hereinafter referred to as the
Coastal Commission! was created through this
citizen initiative and was charged with the prepa-
ration of a Coastal Plan for subsequent legislative
approval. This plan, coinpleted in 1975, was de-
signed to achieve two objectives: "�! protect the
California coast as a great natural resource for the
benefit of present and future generations; and �!
use the coast to meet human needs in a manner

that protects the irreplaceable resources of coastal
lands and waters"  Coastal Commission 1975!,
Among the inajor findings and recommendations
was a policy statement formulated to provide pro-
tection against natural hazards:

Development along the coast of California is
threatened by a number of natural hazards
such as floods, earthquakes, landslides, cliff

~Reprinted, with permission of the puhlisher, from
The California Coastal Zone Experience, l991, T.H.
Wakeman and G.W. Domiirat, eds., Long Beach, CA;
American Society of Civil Engineers, pp. 89-107.

erosion, and tidal waves  tsunami waves!.
The Plan proposes policies to restrict new
development in floodplains, require that a
geologic hazards description be made a part
of residential sales information, place
liinitations on uses of land within coastal

areas of highest risk, prevent public subsi-
dies for hazardous developinent, and provide
setbacks from erosion-prone bluffs.  Coastal
Commission 1975!

A related recommendation concerned safe-

guarding against the harmful effect of seawalls,
breakwaters, and other shoreline structutes:

Seawall s, breakwaters, groins, and other
structures near the shoreline can detract froin

the scenic appearance of the oceanfront and
can affect the supply of beach sand. The plan
limits the construction of shoreline structures

to those necessary to protect existing build-
ings and public facilities, and for beach
protection and restoration, Special design
consideration is proposed to insure continued
sand supply to beaches, to provide for public
access, and to miniinize the visual impact of
structures.  Coastal Commission 1975!

This paper ieporLs on the results of these and
other coastal hazard policy recommendations for-
warded to the State Legislature by the Coastal
Commission. Three major problem areas are ad-
dressed: �! limitations on hazard identification
and evaluation; �! hazard liability issues; and �!
variation and effectiveness in policies and prac-

tices governing  a! blufftop and beach-level de-
veloprnent,  b! emergency conditions and
reconstruction, and  c! emplacement of coastal

protection structures.



Background

Human Adaptations and Responses to Coastal
Hazards

The range of huinan responses and adaptations
to natural hazards varies widely. Burton identi-
fied major modes of coping with natural hazards:
�! loss absorption, �! hazard acceptance, �!
hazard reduction, and �! change in use and live-
lihood in hazard areas  Burton et al 1978!. These
inodes generally occur sequentially over time,
reflecting movement across discernible threshold
levels � hazard awareness, action, and
intolerance.

The extent to which a society or community
remains unaffected by natural processes is its ab-
sorptive capacity. When adverse changes are rec-
ognized as losses, but remain tolerated, a pattern
of loss acceptance develops as the inhabitants
leam to accept the costs of living in a hazard
prone environment. When people reach the limits
of loss acceptance, they attempt to contiol the
force of the natural hazard, and thus reduce their
vulnerability to the loss of property and life. If
loss reduction ultimately proves to bc ineffective
or too costly, substantial changes in the types of
land uses or the relocation of uses froin hazard-

ous atlas becomes an important alternative in the
choice of response and adaptation.

The lowest cost and potentially highest risk
approach to coastal hazard mitigation is to do
nothing. Depending upon the particular loca-
tion � its setback from the sea, elevation of the

structure, past erosion or inundation problems�
this approach may work for a limited period of
time. There is no cost unul a major storm finally
does occur, and then either a rapid emergency
response is necessary or losses may be very high.

Relocation of oceanfront structures or utilities

is a second option. Where a parcel is large
enough, a ttueatened structure can be moved
landward on the same parcel to extend the period
of protection, depending upon average erosion
rates. In many cases %is will not be possible and
relocation will require acquisition of a separate
lot. Recent examples of comparative costs of re-
location or reconstruction versus protection have
indicated that in the long run, relocation is far

less expensive  Griggs 1986!, although it is likely
that this option is not often seriously considered
by most thteatened oceanfront property owners
simply because of a desire to protect their ocean
view at any cost

Historically, the third and most common ap-
proach to protecdng private or public structures
or utilities from coastal hazards has been the con-

struction of some type of "hard" protective struc-
ture. Protective devices can vary considerably in
type, size, effectiveness, and life span  Fulton-
Bennett and Griggs 1986!. The purpose of any
hard structure, regardless of type, is essentially
the same: reduce or halt the adverse impacts of
wave attack and shoreline erosion and thereby
protect threatened structures and property.

A fourth option, beach nourishinent or replen-
ishment, has emerged as an appealing "soft" ap-
proach to dealing with the problems of shoreline
erosion in sandy beach environinents, On the sur-
face this strategy presents an attractive compro-
mise to the extmmes of abandoning the shoreline
or armoring it with concrete or rock. The beach is
nourished or replenished with sand, from either
an offshore or inland source, to increase the

width of the beach such that it serves as a more

effective buffer and protects the shoreline from

wave attack, thereby reducing erosion. Ho~ever,
the economics of a large-scale beach nourish-

ment program and the distribution of costs pose
serious questions for tlus approach to coastal
protection.

In terms of minimizing economic costs and
environmental impacts, a fifth option � coastal
hazard avoidance, ranks highest. Not only are the
public costs associated with disaster relief, con-
struction of protective devices, and government
assistance insurance reduced or eliminated, so
too are the adverse environmental effects of

coastal protection structures on contiguous public
tmst lands. The principal limitation of the hazard
avoidance strategy is the political cost associated
with the denial of private development in high
risk areas. The mechanisms available for a haz-

ard-avoidance strategy are land use planning and
regulation or public purchase of property rights
in high risk areas through easements, life estates,
or fee-simple ownership.
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California Population Growth and Concentra-
tion

Coastal hazards are a function of the presence
of human beings and their myriad activities in
interaction with naturally occurring coastal pro-
cesses. With the exception of changes due to
coastal erosion, the coastline has the same general
configuration as it did in 1850 when the estimated
population of California was 93,000 persons. The
state population grew steadily for the next 100
years, but following World War II, it virtually
exploded: between 1950 and 1970 it nearly
doubled, growmg from 10,6 to 20 million, The
1990 population of 29.8 million represents a 16-
fold increase since 1900 and a near tripling since
1950. Of all the coastal states, only Florida has
experienced a slightly more dramatic percent in-
crease in population �8-fold since 1900!, al-
though the absolute numbers of people is only a
third of the California population.

An estimated eighty percent of the state' s
population lives within 30 miles of the shoreline
 Griggs and Savoy 1985!. Estimates compiled
through our research indicate that approximately
3.6 million people live within three miles of the
coast, Land use pressure on the California coast-
line resulting from population growth over the
past 50 years is arguably twice as great as for any
other state. With a coastline of 1, 100 miles and a

population of nearly 30 million persons, there are
over 27,000 residents for each mile of coastline.

This population is not equally distributed
along the entire length of the coast. Rural
Mendocino County, for example, with 120 miles
of coastline, has a population of approximately
77,000 or about 6'-N residents per mile of shore-
line. By contrast, Los Angeles County has a 74-
mile coastline and a population of 8.65 million
people. Each mile of this county's coastline thus
"serves" over 117,000 persons, not including the
large tourist population drawn to the aD:a.

Because areas with exceptionally high popula-
tion are likely to have heavier use of coastal re-
sources and higher concentrations of coastal
development, it is clear that the type, magnitude,
and distribution of coastal hazard risk will vary
not only as a result of different physical condi-
tions and geomorphic processes along the coast-
line, but also as a result of demographic variation.

A comprehensive coastal hazards policy must
necessarily recognize both geologic and demo-
graphic variables within the coastal zone.

California's Coastal Hazards: Types and Dis-
tribution

The physical environment of the west coast of
the United States is strikingly different from that
of either the east or Gulf coasts. Even a casual

visitor to the California shoreline will notice the

obvious differences between the coastal moun-

tains and seacliffs characteristic of California's

western margin and the broad, flat coastal plains,
sand dunes, and barrier islands of New Jersey or
North Carolina. The east and west coasts of North

America have very different geologic histories
and, as a result, have very different Iandforms and

pose substantially different problems for
human use.

Tectonic plate interactions along the length of
the state have produced such diverse features as
the San Andreas Fault and its associated earth-

quakes, the rugged coastal mountains of Big Sur
and Mendocino, and the uplifted marine terraces
and coastal cliffs which characterize much of the

coastline. The entire state, particularly the shore-
line, is geologically active; landforms are con-
stantly changing and evolving, although at
different scales and rates. Some of these pro-

cesses operate continuously  waves breaking on
the shoreline, for example!, others occur season-
ally  flooding due to prolonged or high intensity
rainfall!, while still others occur relatively infre-

quently  large earthquakes!.
A diversity of forces and processes interact on

the coast, making it one of the world's most dy-
namic environments. Waves, tides, winds,
storms, rain and runoff, as well as human activity,
act to build up, wear down, and continually re-
shape this continental edge. These forces in turn
interact with a wide spectrum of geologic condi-
tions to produce several types of hazard condi-
tions. In California, coastal geologic ~s
occur most frequently in the form of shoreline
erosion  both seacliff and beach! and coastal
flooding  both wave impact and inundation!. Hu-
man-induced interference with coastal processes
 littoral drift, onshore and offshore sand move-
ment, dune and hack-beach formation, etc.! can
exacerbate hazard conditions.
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A 1971 inventory of the California shoreline
classified only 14,2 percent as "non-eroding." Of
the remaining 85.8 percent, 80.4 miles �.4 per-
cent! were classified as "critical erosion," with
thc remainder designated as "non-critical ero-
sion"  COE 1971!. The following year, a Califor-
nia Department of Navigation and Ocean

Development plan reported that only 120 iniles of
the ocean shoreline werc naturally protected from
thc open ocean, with an additional 50 miles
sciniprotcctcd. The remaining 850 miles were
classified as "exposed," nearly 250 miles of
which were in urban or semi-urban uses in 1972

 COAP 1972!.

No inventory of coastal hazards was set forth
in the 1975 California Coastal Plan or in the vari-

ous background reports prepaied in support of its
development. A subsequent investigation by the
California Department of Navigation and Ocean
Development  Habel and Arinstrong 1977! de-
fined the erosion problem soinewhat differently
than the COE. Approxiinately 100 miles �0,9
percent! of the coastline were delineated as erod-
ing with existing development threatened, and an
additional 300 miles �9.5 percent! were dassi-
fied as eroding at a rate fast enough that future
development would eventually be threatened.
Thus a total of 400 miles �9.4 percent! of the
California shoreline were considered to be threat-

ened due to high erosion rates. The most recent
inventory of hazardous coastal environments ex-
pands the scale of problem areas. In 1985, 16
coastal geologists participated in the preparation
of a statewide inventory of coastline conditions,
classifying 315 miles �8.6 percent! as "high
risk" and an additional 405 miles �6.8 percent!
as "caution"  Griggs and Savoy 1985!. These
data indicate that two-thirds of the California

coastline constitutes a significant coastal hazard.

The Extent of Coastal Protection Structures

The 1971 Corps of Engineers inventory of
coastal conditions indicated that 26.5 miles of

coastline  approximately 2.5 percent! contained
some form of "hanl" protective structure  COE
1971!. In thc 14 years between 1971 and 1985, an
additional 58.5 miles were armored  Griggs and
Savoy 1985!, Our recent investigation  conducted
through interviews with local goveminent plan-
ning staff! indicated that as of 1989, 130 miles

�2 percent! of the state's ocean shoreline con-
tains some form of "hard," engineered protective
structure, an increase of slightly greater than 50
percent in only four years, and nearly a four-fold
increase in 18 years.

When particular areas of the coastline are ex-
amined, the increasing degree of protection re-
quired to maintain oceanfront property is
staggering. For example, 74 percent of the nine
inilcs of northern Monterey Bay now contains
"hard" protective structures, as does 77 percent of
ihe 18-mile coastal reach extending from
Carpcntcria to Ventura. Some 86 percent of the 8
miles of coastline between Oceanside and

Carlsbad has been armored, and the 8-mile reach

between Dana Point and San Clemente is virtu-

ally a continuous system of protective structures
 Griggs and Savoy l985; Griggs 1987!.

Adverse Effects of Development on
Coastal Process

In iecent yea+ there has been a growing real-
ization that many human activities  including
damming of coastal rivers and construction of
jeNcs, breakwaters, and coastal protection struc-

tures! are advcrscly affecting beach sand supply
and therefore beach stability and longevity. Since
the 1950s many southern California coastal rivers
have been dammed for water supply and flood
control. The dains impound water but also trap
sand destined for the coastal beaches and control

the high-velocity, large discharge flood flows that
transport the greatest volumes of sand to the
beaches. Thus the benefits of flood control and

increased water supply have been partially offset
hy the gradual reduction of sand input to the lit-
toral system and thc corresponding reduction in
the level of coastal protection piovidcd by
beaches.

Where seacliff or blufT erosion is a major
source of beach sand, which is the case along the
shoreline of northcm San Diego County,
aimoring the coastline reduces beach sand sup-

ply. Placing coastal protection devices adjacent to
sea cliffs which produce significant volumes of
beach materials reduces beach sand supply, al-
though no comprehensive evaluation of this im-
pact on beach sand supply has been conducted for
the state's coastline.



Along the urbanized seacliffs of southern Cali-
fomia, geologic instability has been increased
through the addition of large volumes of irriga-
tion water required to maintain lawns and non-

native vegetation in thc yards of cliff top homes.
Landscape irrigation alone is estimated to add the
equivalent of 50 to 60 inches of additional rainfall
each year to garden and lawn areas. This irriga-
tion has led to a slow, steady rise in the water
table that has progressively weakened cliff mate-
rial and lubricated joint and fracture surfaces in
the rock along which slides and block falls are
initiated. In addition to these effects, surface run-

off discharged through culverts at the top or along
the face of the bluffs leads to gullying or failure
of weakened surficial materials.

Where a seawall or revetment extends a sig-
nificant distance seaward of the cliff or bluff, the

beach landward of the structure is permanently
lost. On a shoreline undergoing net erosion, the
beach will eventually disappear as the shoreline
migrates landward, and the structure will begin to
act as a groin, trapping littoral dnft upcoast, and
producing erosion downcoast. Thus in the case of
a retreating shoreline, the direct effects of sea-
walls or revetments will he reduced beach width

and loss of natural protection froin wave attack;
structures, utilities, or facilities are protected but
the beach is lost.

Since most "hard" protective structures are lo-
cated on or directly adjacent to public trust lands,
the visual effects of such structures on thc scenic

quality of such public lands is clearly a matter of
public policy. Thc 130 miles of these hard protec-
tive structures along the California coast consti-
tute an adverse visual impact which degrades the
scenic value of the affected shoreline, and signifi-
cantly diminishes the natural beauty of these pub-
lic trust lands. The emplacement of protective
structures can also serve as a harrier or impedi-
ment to both horizontal and vertical public
access,

A Summary Assessment of Coastal
Hazard Policies

In spite of a growing body of scientific infor-
mation on the location and nature of coastal

hazards and their associated risks, oceanfront

development continues in hazardous areas.

Although nearly 20 years have elapsed since the
California public voted for the creation of the
state's Coastal Commission and 14 years have

passed since the legislature passed the California
Coastal Act, there remains a wide disparity in
govemrnental responses to coastal hazards. At the
time the Coastal Initiative was approved by the
voters, the principal issues were environmental
concerns, beach access, and wetlands protection.
Issues of coastal storm damage, shoreline retreat,
littoral drift and sand availability were not as
apparent and pressing as they are today. As a
result, Coastal Act policy statements and subse-
quent Interpretive Guidelines are notably defi-
cient in these areas.

For these reasons, as well as the astronomical

value of coastal property and a notable lack of
political will to confront geologic hazard issues,
the translation of the acquired knowledge of
coastal hazards and risks into policies and prac-
tices appears to hc deficien at all levels of gov-
emment. The objective of ihis research was to

address this deficiency through a systematic
analysis and assessincnt of the coastline policies,
plans, guidelines, and practices of local govem-
inents and state agencies.

Plannmg department staff from 34 of the
state's 42 coastal cities and 14 of the state's 15

coastal counties were interviewed. Only those

jurisdictions whose shorelines were completely
urbanized and virtually "built-out" were not in-

cluded. Although this research project was di-
rected primarily at local govcmment agencies and
their policies and practices, because of the exten-
sive involvement of several state agencies in the
coastal hazards issue, we also reviewed the poli-

cies and practices of three agencies: the Depart-
rnent of Boating and Waterways, the Department
of Parks and Recreation, and the Coastal Zone

Conservation Commission, State-level staff in-

volved in the coastal programs of these agencies
were also interviewed.

Local Government Policies and Practices

Policies and practice~ regulating oceanfront

property and its development vary widely
throughout the state. Some communities have ar-
ticulated policics which encourage community or
state purchase of remaining undeveloped ocean-
front property, as well as rigorous guidelines and



requirements for any new development or protec-
tion plans. Others openly encourage shoreline de-
velopment adjacent to areas of documented high
coastal erosion rates. Local politics and econoin-

ics and a fear of litigation over property rights
appear to be the most important factors control-
ling these policies and practices, rather than the
history of shoreline erosion and storm inundation.

Our research focussed on seven specific areas
where existing policies and practices raised im-
po~t questions: �! Coastal Hazard Identifica-
tion, Evaluation, and Review; �! Preparation of
Site-specific Geotechnical Studies; �! Legal Is-
sues Surrounding Hazard Pit>tection Liability; �!
Blufftop Development Policies and Practices; �!
Beach-level Development Policies and Practices;

�! Emergency Condition and Reconstruction
Policies; and �! Policies Governing Coastal Pro-
tection Structures. Principal findings for each aiea
are suminarized below,

�! Coastal Hazard Identification, Evaluation, and
Review

A basic assumption in the formulation of land
use regulations in hazardous coastal areas is that
local jurisdictions are able to identify these haz-

ards and adequately assess risks to proposed de-
velopment. Although several generalized
statewide inventories of coastal hazards have

been published  COE 1971; COAP 1972; Habel
and Armstrong 1977; Griggs and Savoy 1985!,
additional information is needed on a local or

site-specific level. Only five of the local govem-
ments interviewed through our research had corn-
pleted detailed geo! ogic studies focussed on local
coastal hazards. Planning deparlment staff cited
four primary information gaps: coastal erosion
rates, sea level rise and its effects, wave runup,
and littoral drift rates. The lack of standards for

the design of coastal protection structures was
also a frequently cited inforination gap. There is
no agency or organization formally charged with
the responsibility for developing this important
information. The Coastal Commission employs
only two staff geologists. Although these staff are
occasionally able to undertake research, nearly all
of their time is spent on perinit and site review for
proposed projects, rather than on developing sci-
entific information in support of advance

planning,

One of the most effective methods of land use

control in coastal hazard areas is the designation
of special zones that permit or exclude specific
uses or activities. Twenty-four coastal jurisdic-

tions recognize coastal geologic hazards in soine
official manner. There is no state directive, how-

ever, which ensuies recognition of these hazards
and the formation of regulatory zones.

Another effective regulatory tool is the use of a
geologic hazard ordinance. Although only four

local governments use this method, 38 other juris-
dictions have comparable regulations which
cover some aspect of hazard manageinent. For-

rnal local government designation of coastal geo-
logic hazard areas arid land Use regulations

governing such areas varies widely. The absence

of state-level policy requiring local governments
to undertake compiehensive identification, evalu-
ation, and land use regulation in hazardous aieas
is a major reason for this lack of consistency.

�! Site-specific Geotechnical Studies

Detailed site-specific geotechnical studies are
a virtual necessity in order to evaluate coastal
hazards. Our findings indicate significant varia-
tion in the type and technical adequacy of
geotechnical reports and the expertise of person-
nel preparing such reports. The lack of adopted

guidelines governing the preparation of reports, a
shortage of qualified local government staff to
review reports, the absence of any independent
technical review of public agency reports, and a
lack of baseline information against which to
evaluate the conclusions of reports are the pri-
mary reasons for this recurring problem.

�! Legal Issues Surrounding Coastal Hazard Li-
ability

The costs and risks involved in living directly

on the shoreline can be very high for everyone;
property owners, local goveminents, insurance
companies and lending institutions, as well as
state and federal disaster relief agencies. The risks
and potential costs of owning property in a haz-
ardous coastal environment should be fully dis-

closed to any potential buyer. The 1975 Coastal
Plan recognized this need in recommending the
following policy, although the subsequent
Coastal Act did not include such a provision,
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Geologic hazards information developed by
qualified personnel and approved by an
appropriate governmental agency for
specific areas or sites shall be perinanently
filed in the public records of the coastal
counties, The full reports shall be cited and
a suminary of all relevant conclusions,
understandable ta the layman, shall be
included as part of the chain of title to
property  and be a normal part of a title
report! and also as part of the state Real
Estate Comniissioner's report for subdivi-

sions.  Coastal Commission 1975!

In order to bring existing oceanfront develop-
ment within safety-based guidelines, it is critical
to ensure that all parties involved in the transfer
of title to property exposed to coastal hazards be
aware of the inherent risks. Only four local juris-
dictions piesently require such a disclosure.

The threat of lawsuits from coastal properly
owners has often comproinised the regulatory
process. This can occur either when building per-
inits are not granted for proposed new construc-
tion exposed to geologic hazards or when
conditions are imposed on reconstruction permits
following coastal storm damage. Local gavem-
ments and private sector geologic consultants are
also concerned over the issue of legal liability in
the conduct of their work. The threat of lawsuits

over alleged excessive restrictions on private
property rights on the one hand, and the consis-
tent and diligent implementation of regulations
governing coastal hazard conditions on the other,
place these professionals and local government
officials in a very difficult situation, particularly
given the very high costs of malpractice insur-
ance, the high costs of litigation, and the serious

financial constraints on local governments. In re-
sponse to the threat of litigation, 18 jurisdictions
utilize some form of liability release for projects

proposed in hazardous areas.

�! Blufftop Development Policies
Coastal coinrnunities from San Diego to Eu-

reka have lost entire acean-front streets and lots

through the ongoing process of bluff retreat over
the past century. Moss Beach, Capitola, Isla
Vista, Palos Verdes, Encinitas, and Solano Beach
are examples of aieas where bluff retreat

currently represents a significant problem. New
developments are still heing proposed on eroding
or unstable blufftops and older weekend cottages
are being tom down and replaced by larger homes,

Because shoreline erosion was not a priority
issue at the time the Coastal Act was imple-
mented, state directives on this particular hazard
aie somewhat vague. Although the Co~ Com-
mission issued Statewide Interpretive Guide! ines

for determining the geologic stability of blufftop
development, there is iio state policy establishing
safe setbacks from the edge of a seacliff or bluff
for any type of development. Some local jurisdic-
tions use a predetermined, fixed setback although
these vary froiu 10 to 320 feet. Others employ a
cliff retreat rate  supposedly site specific! and ap-
plicable over a specific time period, most com-
monly a 50-year period.

The Coastal Act is even more lenient in regu-
lating "infill" developinent; thus it is not surpris-
ing to find wide variation in local govemmerit
interpretations of what constitutes "infill." Many
jurisdictions compromise safe setback consider-
ations in "infill" areas  however defined! due to

intense pressure froin coastal property owners
and the real estate community, by assuming that
the setback of adjacent existing development is
adequate for future construction as well. As bluff
retreat continues, this "stringline" approach to

determining setbacks is no longer appropriate; it
simply extends the hazard exposure to ever more

structures.

�! Beach-level Development Policies

Damage to beach level residential and coin-
inercial development was widespread along the
California coast in 1978, 1983, and again in 1988.
The low-lying communities of Stinson Beach,
Rio del Mar, Malibu, Oceanside, and Imperial
Beach have been repeatedly damaged by both
wave iinpact and inundation. Despite California's
intense beach level development, neither the
Coastal Act nor the Interpretive Guidelines
specifically recognized the hazanls of direct wave
impact or wave/tidal inundation  coastal flood-
ing! on beach level structures. Most of the state' s
coastal jurisdIctions have adapted FEMA Flood
Insurance Rate Maps which delineate zones that
are subject ta different degrees of coastal
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flooding. Although these maps were originally
developed for insurance purposes, they now have
regulatory status. The lack of state guidelines for
safe development at beach-level has led to
continued development and reconstruction in
hazardous locations.

�! Emergency Condition and Reconstruction
Policies

The Coastal Act contains provisions permit-
ting immediate actions to be taken without ob-
taining a regular Coastal Development Permit
when public or private properties are t1ueatened

in emergency situations. However, the experience
of coastal jurisdictions with the Emergency Per-
init process indicates that a serious policy gap ex-
ists: there is no link between emergency response
procedures established to protect and maintain

threatened development and the long-term repair
and reconstruction on such sites. Nearly all rnate-
rials emplaced under emergency conditions pro-
vide only short-term protection. Provisions

governing the removal of emergency protection
structures and the review of the stability or safety

of a threatened or damaged principal structure are
often ambiguous and have led to consideraNe
litigation.

Coastal Act policics also facilitate the rebuild-

ing of damaged and destroyed structures in essen-
tially the saine form and location as the original
structure by eliininating the need for a Coastal
Development Permit. As a result, rebuilding does

not undergo the same scrutiny as new projects,
and reconstruction in proven high risk situations
is commonplace.

�! Policies Governing Coastal Protection
Structures

Few issues along the California coast are more
complex, more poorly understood, or inore divi-
sive than the continued use of coastal protection

structures. At present there is no comprehensive
state policy defining the private or public role of
protective devices in geologically hazardous ar-

eas. Local government policies and practices vary
widely. Many communities will not allow devel-

opinent of a parcel if a coastal protection struc-
ture is required to insure survival of the dwelling
during its design life. At the opposite end of the
spectrum, soine communities require that the

construction of a protective structure be part of

the normal development process.
Because of high construction costs  $750 to

$3000/linear foot or $4 million to $16 million/
inile! and high maintenance and repair costs,
shoreline protection is a major investment, often
subsidized by state or federal programs or insur-
ancx: monies. The existing level of coastal protec-
tion in California represents an investment of
between $500 million and $2 billion �990 dol-
lars! in an attempt to halt erosion along 130 miles
of shoreline. Private property owners and public
agencies alike must it'.alizc that armoring the

shoreline is a very expensive, and often only tem-
porary, solution to the problem. It is time to take a
critical look at the costs and benefits of additional

shoreline protection. At least two states, North
Carolina and Maine, have recently enacted legis-
lation which prohibits the construction of "hard"

protective structures. Relocation of buildings to
safer sites or replenishing the beach's sand supply
are the favored alternatives in those particular
states.

Although relocation of a structure inay be less
costly than armoring the shoreline, this approach
is rarely a seriously considered option since most
shoreline residents aie unwilling to forego the
loss of an oceanfiont view. However, ielocation,

dismantling, or abandonment of oceanfront
homes will soon be the only possible alternative
at some sites due to difficult geologic, conditions,
as well as land ownership and access consi-
derations.

A number of southern California's coastal

communities are now evaluating beach nourish-
ment as a solution to shoreline erosion problems.
However, there are many issues which need to be
resolved prior to embarking on any large scale
nourishment project, The availability of large vol-

umes of sand of the appropriate size, the impacts
of removing the sand from the source area and
transporting it to the beach, and the magnitude
and distribution of costs affect thc feasibility of
such programs. Durability and longevity of nour-
ished beaches is another concern. Due to the high
littoral drift rates along most of the California
coast, the life span of nourished beaches in inost
locations is expected to be relatively short, A
recent study concluded that 18 percent of
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California's nourished beaches lasted less than

one year, and 55 percent lasted only one to five
years  Pilkcy and Clayton 1987!.

State Agency Policies and Practices
In 1978, the California Secretary of Resources

promulgated a Shoreline Erosion Protection
Policy to govern state agency activities in shore-
line environments. This declaration provided both
a clear description of the role of each department
within the agency in dealing with the shoreline
and a comprehensive set of policies which are as
appropriate today as they were a decade ago. In
spite of this policy, there is considerable variation
in the actual policies and practices of the indi-
vidual agencies; in some cases, there is a notable
lack of any clear policy direction. Thc policy hi-
erarchy governing these agencies extends down-
ward from State Code, through coinmission-level
policy, and finally down to department-level
policy, guidelines, in-house memorandums, etc.
The vague or generalized wording of many such
declarations, combined with the separation and
autonomy of thc local district or regional offices
of some agencies and the constant influence of
political figures, has led to many state projects
that are inconsistent with existing Coastal Act
policy. In the words of one state agency staff
member, "policy is only for staff, not decision
makers."

Two state agencies � the Department of Boat-
ing and Waterways and the Departinent of Parks
and Recreation � have substantial authority re-
garding the expenditure of state funds for shore-
line erosion control. Brief summaries of these

agencies' practices follow.

Department of Boating and Waterways
The Department of Boating and Waterways

responds to requests by local govemmcnts for
technical and monetary assistance in shoreline
protection pmjects. Over the past 20 years the
agency has expended over $26 million on
projects involving shoreline protection and beach
nourishment, typical!y with a funding distribution
of 75 percent state, 25 percent local, The depart-
rnent cannot fund all of the requests received. It

has no overriding policies governing either their
beach erosion-control program or their allocation
of funds, Although the department camcs out

limited research and has funded some institu-

tional research in the past, the state has not
allocated permanent funds for these efforts. As a
result, the agency works in a reactive and largely
ad-hoc mode, responding to individual requests
as they are submitted yearly, rather than operating
under a comprehensive program governed by
clear and sound policy and explicit criteria for
establishing priorities,

Department of Parks and Recreation
The California Deparlment of Parks and Rec-

reation is responsible for managing over 210
miles of the state's 1,100 miles of coastline.

There are 117 individual DPR units along the
coast, each with an official designation  State
Beach, Park, Reserve, etc,! that influences the

management, dcveloprnent, and operation of the
particular unit. The stomts of 1978, 1980, 1982,
and 1983 resulted in extensive damage to State
Park facilities, requiring an expenditure of $4.8
million lor repairs. Beach-level campgrounds,
access roads, parking lots, stairways, rcsttooms,
seawalls, and other support facilitics were dam-
aged, rebuilt and, in a numher of cases, dam-

aged again.
Due to thc costs involved in continual recon-

struction in some of these hazardous locations, a

new coastal erosion policy was developed by the
department following the 1983 storms, with a
goal to "avoid construction of ncw permanent
facililies in areas subject to coastal erosion, and to
promote the use of expendable or movable facili-
ties where the expected useful life is limited due
to their location in erosion prone areas." The
avoidance of hazardous areas or the retreat from

sites where repeated storm damage through either
wave impact or shoreline erosion has taken place,
are logical approaches for an agency which is fo-
cussed primarily on providing recreational areas
for thc public.

Despite this official policy, major reconstruc-
tion of a seawall and beach level facilities at one

site took place again, although there were seven
prior episodes of destruction. This effort was
clearly contrary to thc established policy, There is
considerable uncertainty in the minds of some
state staff as to the status of this policy and
whether or not local staff are even aware of its

existence. State staff also express considerable
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cynicism with respect to the lack of enforcement
of state policy by decision-inakers at all levels of
goveriunent, observing that policy invariably
takes a back-seat to political pressure,

California Coastal Zone Conservation
Commission

The lunited number of technical staff, the
heavy project review demands, and the advisory
nature of guidelines have combined to limit the
State Coastal Commission's role in coastal haz-

aid evaluation. As such, local governments have
retained the primary responsibilities for selfing

and iinplementing standards governing develop-
ment in hazardous locations, although regional-
level Coastal Conunission staff frequently
provide technical assistance to local jurisdictions.

These concerns raise serious questions regard-

ing the effectiveness of Califonua's governance
of coastal hazards. There appears to be consider-
able variation in policies and practices within and

among state agencies. Policy language is often so
ambiguous as to permit the approval of virlually
any project, and the consistent translation of
policy from the state to district or unit levels is

also a problem.

State Actions To Improve Coastal
Hazard Policies

The California Legislature should take action

to improve the appropriateness and effectiveness
of coastal hazard policies. Such actions should

require local governments and state agencies to
make the policy changes described below.

Local Government Level

�! Coastal Hazard Identification, Evaluation,
and Review

Every local government making coastal land
use decisions should have a coinprehensive and
accessible information base that is developed
through adequate scienfific and technical studies.

Each jurisdiction should designate st:ial geo-
logical hazard areas where detailed site-specific
studies are necessary. A comprehensive coastal
geologic hazards ordinance should be required
for every coastal jurisdiction with identified geo-
logic hazards.

�! Site-specific Geotechnical Studies
Consistent geologic and geotechnical report

guidelines specifying both the scope and content
of reports for all types of coastal hazard investiga-
tions should be required as a matter of state
policy. A process of peer review of these reports
by qualified professionals is needed in order to
ensure complete investigations, sound conclu-
sions, and appropriate mitigation measures.

�! Legal Issues Surrounding Coastal Hazard Li-
ability

Geologic hazard disclosure statements and
deed posting of existing geologic and
geotechnical reports relevant to specific parcels
should be required statewide. Local governments
should receive state technical assistance in the

formal designation of coastal hazards and legal
assistance and support in instituting appropriate
restrictions and regulations in areas of recognized
high geologic risk, thus reducing litigation that

can render the local government planning and
regulatory process ineffective.

�! B lufftop Development Policies

A minimum blufftop setback should be re-
quired for all new construction, and all recon-
struction or remodeling which increases the value
of the structure by more than 25 percent. This set-
back should be based on site-specific erosion
rates and a structural life of 100 years without re-
liance on a protective device. A miniinum set-
back of 25 feet should be required, and the
concept of a "rolling setback" that moves land-
ward over time should be used in delineating this
setback.

�! Beach-level Development
Beach level development and reconstruction or

remodeling which increases the value of a struc-
ture by more than 25 percent should be permitted
only when safety fioin wave impact and inunda-
tion throughout a projected 100-year lifetime af
the structure can be demonstrated without reli-

ance on a protective device.

�! Emergency Condifion and Reconstruction
Policies

Definitive guidelines should be adopted to
govern actions taken under postemergency condi-
tions, including a timetable for the removal of any
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materials emplaced for einergency protection.
Coastal jurisdictions must recognize hazardous
conditions and work towards reducing the need
for emergency permits by siting all new develop-
ment and reconstruction away from hazardous
locations. Reconstruction which increases the

value of a structure by more than 25 percent, or
where storm or erosion damage is greater than 25
percent of the value of the structure, should be
subject to the same geologic hazard review and
evaluation process for safety and long-terin sta-
bility  including obtaining a Coastal Develop-
ment Permit! as any proposed new development,

�! Policies Governing Coastal Protection
Structures

Proposed new shoreline developinent should
only be permitted if it is safe from coastal hazards
for 100 years without reliance on a protective de-
vice. Alternatives to protective devices, for both
private and public projects, should be vigorously
pursued. Hard protective structures should be per-
mitted only when a coinplete environmental as-
sessinent can make the following findings: �!
historical erosion rates substantiate the need for a

solution; �! the structure will not produce a sig-
nificant loss of public beach; �! existing public
access will not be reduced; �! scenic values will
not be significantly reduced on contiguous public
trust lands; and �! the proposed structure is the
most acceptable and durable long-tenn solution.
Proposals for new protective devices should be
carefully reviewed by qualified professionals and
the effectiveness of any adjacent protective struc-
tures should be considered prior to granting per-
mits for new stnictures.

State Agencies

Department of Boating and Waterways

The Departinent of Boating and Waterways
should establish clear priorities for shoreline pro-
tection projects, including a clarification of which
projects are appropriate for state funding, which
have high, inoderate, or low priority, and which
will not be funded. Evaluation criteria should

include �! ownership of property being protected
 private or public!; �! effectiveness and pro-
jected lifetiine of proposed project; �! options or
alternatives available; and �! both short- and
long-term environmental impacts. The state

should not attempt to fund all proposals for shore-
line protection and beach nourishment. Proposed
new "hard" protective structures should receive
particularly close scrutiny and should be funded
only when compelling circumstances so warrant.

Department of Parks and Recreation

The practices of the Department of Parks and
Recreation should reflect the agency's adopted
policy, which prohibits construction of new facili-
ties in areas subject to coastal erosion. Policies

governing construction, reconstruction, mainte-
nance and protection in hazardous shoreline areas
should be applied uniformly at both the state and
local-unit levels.

Coastal Zone Conservation Commission

The technical and scientific responsibility for
coastal geologic hazard evaluation should be
transferred flvm the Coastal Commission to the

California Division of Mines and Geology as de-
tailed below.

A Comprehensive State-Level Coastal
Hazards Program

Significant changes are needed in the policies
and regulations of the the State of California gov-
eming development in coastal hazard areas. An
expansion and refinement of policies and prac-
tices is necessary in order to achieve a consistent
and effective response to the continuing pressure
to develop in these areas, The marked inconsis-
tencies among the local governments and state
agencies that regulate development reflect a lack
of state direction and reveal a heavy influence of

local economics and politics,

Through a process of hazard recognition and
evaluation and a subsequent standatdized set of
avoidance, mitigation or hazard reduction policies
incorporating the actions set forth above, the pri-
vate and public losses from future shoreline ero-

sion, storm impact and sea level rise can be
significantly reduced, The objective is to reduce
the number of pmple, as well as dwellings, struc-
tures, and utilities, both public and private, di-
rectly exposed to the hazards of shoreline erosion,
wave iinpact, and inundation. The Alquist-Priolo
Act, which established Special Studies Zones
along California's active faults, is an appropriate
model to follow for the coastline.
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Due to the lack of responsibility within any
existing state agency for systematically evaluat-
ing shoreline hazards and recommending state-
wide policy, such authority should be vested
within the California Division of Mines and Ge-

ology, an agency already charged with evaluating
California's natural hazards and resources.

The modest funding required to implement
such a prograin along the shoreline would have a
high benefit-to-odist ratio. Initial investigations

would establish the general hazard or special
studies zones which would then be delineated on

official state maps, Any development or signifi-
cant changes in land use proposed within these
areas at the local goveminent  private or public!
or state level would require complete geologic
hazard investigations, report review by an inde-
pendent qualified professional, and appropriate
setbacks and mitigation measures, Geologic ie-
port guidelines comparable to those outlined in
the Alquist-Priolo program and by the Calil'omia
Division of Mines and Geology should also be

adopted.
A reduction in both risk exposure and public

and private economic losses fmm geologic haz-
ards in the coastal zone are objectives which need
to be realized. The Coastal Act focussed on what

were deemed to be the critical issues of the time

but was deficient in treating geologic hazards.

Although some local governments have been ef-
fective in dealing wilh coastal hazard issues, it is
now time for a state-level program that provides a
consistent, efficient, and streamlined approach for
land use regulation in hazardous coastal aieas.
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The development of coastal hazards policy in
Washington State results from the state-local
partnership inandatcd in the Washington Shore-
line Management Act. The state law and regula-
tions set out broad goals and the means of
coinplying with those goals. Local govemmenh
adopt Shoreline Master Programs that callec-
tively form the state's Shoreline Master Pmgram.
The Department of Ecology has oversight author-
ity to assure that local master programs are con-
sistent with state law.

Currently, the Department of Ecology is ad-
dressing three coastal hazard policy issues. 'ero-

sion and landsliding, sea level rise, and
incorporation of the public trust doctrine into
management and permitting decisions.

Coastal Erosion Management

No comprehensive assessment of coastal ero-
sion has been completed for Washington State.
The rate of erosion along Washington's shoreline
is known to be highly variable. In some areas ero-
sion is simply not a problem, whereas in other
places erosion is relatively rapid. Erosion is rarely
catastrophic and life threatening, but it can result
in losses of property.  Nowhere in Washington is
the rate of erosion as rapid and threatening as it
commonly is along portions of the Gulf and At-
lantic coasts.!

Erosion in Washington falls into two basic cat-

egories: beach erosion and bluff retreat. The
former is often the result of a loss of sediment

supply, whereas the other may be largely related
to the local geology.

The southwestern coast of Washington con-
sists of wide sand spits and large, protected estu-
aries. The beaches of Grays Harbor and Pacific
counties are largely accretional, although local-
ized erosion has occurred at the north Columbia

River jetty, at the entrance to Willapa Bay, and at
Westport near the south jetty of Grays H~r,
There are growing concerns that the historic ac-
cretion of the southwest beaches may not con-

tinue due to thc trapping of sediment by dams on
the Columbia River and the possible acceleration
in sea level rise postulated with global warming

 Phipps 1990!.
The shorelines of Puget Sound consist largely

of unconsolidated glacial materials that are vul-

nerable to erosion. Keuler �988! mapped erosion
patterns along various types of shoreline in north-
cm Puget Sound and measured erosion rates of
about 5 to 30 centimeters �, 1 to 1.0 feet! per
year. The range of 6 to 9 centimeters �.2 to 0.3
feet! per year seems most coinmon. The Coastal
Zone Atlas  Ecology 1978! included a qualitative
estimate of erosion along thc entire Puget Sound
shoreline and found over 30% of thc shoreline to

be actively eroding, A much larger portion may
be subject to more gradual or to episodic erosion.

Rates of shoreline retreat are slow enough in
most of Washington that little attention is paid to
locating structures away from the shore, No local

governments regulate setbacks based on erosion
rates  Canning 1991a!. The common perception,
however, is that the risk is greater than it truly is.
The general response to erosion in Puget Sound is
the armoring of the shoreline, primarily with
concrete bulkheads, although alternatives are
recommended  Canning 1991h!. Most local gov-
emment regulatioiis conditionally permit shore-
line aimoring to protect structures; this provision
has often been misinterpreted to include pro-
tection of property. As of the mid-1970s, rougMy
8% of the Puget Sound shoreline was armored
 Downing 1983!, largely in urban areas, but this
number has certainly increased in the last 15
years, The greatest increases have occurred along
residential shorelines,



Coastal landsliding is often considered to be a

simple coastal erosion problem. The geologic
scqucncc of sands and gravels intermixed with
clays and tills typical of Puget Sound bluffs is a
highly unstable combination. The intermediate
sand and gravel unit is not stable, particularly
when saturated with water, It is also easily
eroded by waves or by surface runoff. Ground-
water concentrates at the base of the porous units,
since it cannot pass downward into the underly-
ing clays or tills. Groundwater seeps from bluff
faces carrying material with it and undercutting
overlying materials. When the sand and gravel
fails, the overlying Vashon Till also collapses.

Over 30% of Puget Sound's shoreline is
inapped as unstable; in some countics thc

percentage is much higher  Downing 1983!.
These unstable areas include many old
landslides, as well as many potential slides.
Many of these old landslides have already been
built on, out of either ignorance or overconfi-
dence. Where the geology can be mapped, the
likelihood of landsliding can often be predicted.
Landsliding can also be favored by improper
clearing and grading practices and by poor
drainage in upland areas.

Landsliding risk is greatest for development
along the edge of unstable bluffs or at the base of
these bfuffs. Development on existing landslide
deposits is clearly hazardous.

Concern has grown in the state about the cu-
mulative impacts of bulkheading on both the
physical and biologic function of the shoreline.

Shorelands has an ongoing program in this area
to address the effects of shoreline hardening
 Terich and Schwartz 1990!, alternatives to
shoreline hardening  Terich, Schwartz, and
Johannessen,199 l a, 1991b!, and the rate and

character of shoreline hardening.
During August 1991 the Department of Ecol-

ogy received requests from the Thurston County
and Mason County commissioners that the de-

partment undertake the preparation of a program-
matic environinental impact statement  EIS! on
the cumulative effects of bulkheading and other
forms of shoreline hardening.

We believe that a programmatic EIS could be
a useful and educational process for assembling
and disseminating information on the problems

associated with large-scale shoreline hardening,
as well as for addressing viable alteniative. A
programmatic EIS could also provide a firm
foundation for local government decisions or
regulatory reform. We are seriously considering
carrying out the programmatic EIS as requested,
our budget pcmutting.

The policy issue we face is the balanciiig of
the protection of private rights in real property
with the protection of public rights in natural re-
source properties. Owners of upland properties
feel a strong need to protect their investments in
land and buildings. Shoreline annoring is com-

mon even of properties little affected by erosion,
Extensive shoreline armoring, however, is de-
structive of the public resource properties in the
intertidal and shallow subtidaf habitats, Juvenile

pink and chum salmon require shoreline shallows
to escape predation on their migration out to sea.
Pacific herring and surf smelt require intertidal
and subtidal habitats for spawning. Shoreline
arrnoring impinges upon these habitats and over
the long term degrades them.

Sea Level Rise

Washington's sea level rise initiative began in
1988 when we first asked ourselves, "Is this a

real issue for Washington State?" Clearly the an-
swer was yes, and for two reasons. First, thc ex-
isting rate of sea level rise, in conjunction with
subsidence within Puget Sound, is sufficient to
explain the slight but chronic erosion of uncon-
solidated Puget Sound shorelines. Second, accel-
erated sea level rise due to global climate change
could have substantial effects on specific coastal
locales.

A Sea Level Rise Task Force was convened,

consisting primarily of state resource agencies.
The recommendations of the task force fell in

three basic areas. the need for information on the

effects of vertical land movement on relative sea

level rise; the need for more certain sea level rise

scenarios; and potential future policy issues. Po-
tential policy issues were identified as

~ siting standards and protection alternatives
for private and public coastal facilities and

developments.
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~ cleanup and closure standards for coastal
solid and hazardous waste disposal sites,
which would need to be inventoried,

characterized, and mapped.

~ impacts on marine resources such as
wetlands and shallow-water habitats,

~ seawater intrusion of coastal aqui fers,
especially where seawater intrusion is an
existing problem,

Following the recommendations of the Sea
Level Risc Task Force, in 1989 Shorelands

iiutiated a series of technical and policy studies
and assessments. A study of vertical land move-
ments indicated that uplift along portions of
Washington's Pacific Ocean coast  up to 24 cen-
timeters a century! would mitigate near term
accelerated sea level rise, but that subsidence

within Puget Sound  up to 24 centimeters a cen-
tury! would aggravate sea level rise  Shipman
1989!. An assessment of thc state-of-the-

know ledge, likely impacts, and potential policy
issues was prepared  Canning 1990!, Research
into wetlands sedimentation and subsidence was

carried out at three locations in northern Puget
Sound by Western Washington University  Beale
1990!. Results confirmed that sea level rise in
Puget Sound has been consistent with global
averages ranging from 10 to 15 centuneters a
century.

ln the near term, the threat is moderate and is

caused by the existing rate of sea level rise  about
12 centimeters a century! as mitigated or aggra-
vated by regional vertical land movements. Along
the Pacific Ocean coast, uplift exceeds the exist-
ing rate of sea level rise in the vicinity of Neah
Bay and the Columbia River estuary, producing a
net relative sea level fall. Within Puget Sound
vertical land movement ranges from zero in the
San Juan Islands-Skagit Bay-Sequim area, to
about 24 centimeters a century at Tacoma. The
maximum relative sea level rise is about 36 centi-

meters a century �.2 feet a century! at Tacoma.
Currently the generally accepted scenarios for

accelenited sea level rise due to global climate
change range between 0.5 ineters and 1,5 to 2.0
ineters by the year 2100. If we take into account
vertical land inovement, a 1.0 meter acceleration

would result in a 0.5 meter sea level rise in

Tacoina by 2050, in Seattle by 2055, and in Fri-
day Harbor by 2067. Under this scenario, the up-
lift at Neah Bay would delay occurrence of a 0.5
meter rise until about 2080.

At present, existing sea level rise is causing or
aggravating shoreline erosion and bluff land-
sliding. As noted above in the Coastal Erosion
Management section, erosion and erosion man-
agement are currently issues of concern with
coastal managers in state resource agencies and
local planning departments. Over a period of
decades, accelerated sea level rise is expected to
aggravate existing erosion and! andsliding pro-
blems. Seawater intrusion of coastal aquifers,
which is a problem on the islands of north and
central Puget Sound and along Hood Canal due to
groundwater withdrawals, will he aggravated.
Areas currently at risk of flooding will experience
more frequent and more severe flooding; areas
just above the flood zone now will become sub-
ject to flooding. Wetlands and possibly other low-
lying coastal areas will be subject to inundation,

The types of areas at risk are primarily uncon-
solidated shore/ines, low-lying areas, coastal wet-
lands, accreted shoreforms, intertidal and shallow

water habitats, and major river deltas. No quanti-
tative studies have been carried out to delineate

the extent or dcgrce of risk.
Unconsolidated shorelines include most Puget

Sound, Grays Harbor, Willapa Bay, and Colum-
bia estuary shorelines. The rocky shores of the
San Juan Lslands arc a notable exception. Uncon-
solidated shorelines are susceptible to erosion.
The present long-term average emsion rates of a
few tenths of a foot per year are expected to in-
crease with any acceleration in the rise of sea
level.

Low-lying areas will be threatened from storm
surge, flooding, or inundation, depending on their
elevation, the rate of acceleration, and the techni-

cal and fiscal feasibility of protection. Urban ar-
eas potentially threatened by storm surge,
flooding, or inundation are typified by the central
business district of Olympia, the state's capitol.
Thurston Regional Planning Council and the City
of Olympia are nowcarrying out an assessment of
the Olympia CBD under a Coastal Zone Manage-
ment grant; the assessment report will be com-
pleted by June 1992. In other developed
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low-lying areas, investments in agricultural lands,
public highways or air ports, residential real es-
tate, or other facilities are at risk.

Coastal wetlands will be threatened by erosion
or inundation. An assessinent of selected Puget
Sound shorelines is being carried out by Holcomb
Research InstitLite in cooperation with the Wash-

ington Deparlment of Ecology under a U.S. Envi-
ronmental Protection Agency grant; the final
project report is scheduled for publication by the
U.S. EPA in spring 1992.

Accreted shore forms  coastal barriers, sand
spits, and so on! will be threatened by erosion,
stoim surge, flooding, or inundation. The princi-
pal accreted shore forms have been inventoried
and characterized  Shipman 1991!.

Intertidal and shallow-water habitats will be at

risk from a likely secondary effect of response to
sea level rise. As some shoielines become hard-

ened  bulkheads, sea walls, riprap, etc.! to resist
erosion, the shoreline will become fixed in place,
and rising sea level will steadily lessen the extent
of intertidal and shallow-water habitats, possibly
eliminating intertidal habitat in some locations.
Intertidal and shallow-water habitats are impor-
tant for the rearing and inigration of juvenile
salmon, spawning of Pacific herring and surf
smelt, and the life cycle of certain shellfish,

Major river deltas will be subject to the same
threats as low-lying areas and accreted shore
forms. Additionally, the delta waters will be sub-

ject to salinity changes affecting the general ecol-
ogy. The major river deltas of greatest concern
ate the Skagit, Snohomish, Puyallup, and
Nisqually on Puget Sound; the Chehalis on Grays
Harbor, and the Willapa on Willapa Bay. Other
deltas which might be of concern are the Union,
Skokomish, Hainma Hamma, Duckabush,

Dosewallips, and Quilcene on Hood Canal. River
deltas and adjacent valley bottoms will be suscep-
tible to seawater intrusion and a forcing of the
water table to higher elevations. This in turn will
lead to soil saturation and tertiary effects of de-
creased soil drainage and increased duration of
flooding, increased corrosion of underground
tanks and pipes, the need to drain agricultural
lands, and decreased effectiveness of sewage
drain fields or possibly the need to install sewer-
age systems.

A Policy Alternatives Study to review and
evaluate existing legal authorities and potential
policy response alternatives was carried out by
Battelle's Huinan Affairs Research Centers under

contract to Shoielands  Klarin et al. 1990!, The
analytical portion of the study addresses iegula-
tory approaches, econoinic and market strategies,
and governmental programs for a variety of
issues:

~ Wetlands protection and preservation
~ Protection and preservation of shallow-

water and estuarine habitats

~ Seawater intrusion

~ Groundwater contamination

~ Beach, shoreline, and bluff erosion

~ Preserving public access and recreation
opportunities
Planning, permitting, and remediation of
facilities and infrastructure

~ Shoreline floodplain hazards management

An assessinent of the approaches of local gov-
emmcnts to sea level rise response will be evalu-

ated through the Coastal Zone Management Act
Section 306 and 306A planning and construction
grants program, Beginning in Washington's Fis-
cal Year 1992  July 1991 to June 1992!, Section
306 and 306A grant projects must be engineered
and constructed for the existing rate of sea level
rise  including subsidence! and must include con-
ceptual planning for accelerated sea level rise pre-
paredness  Shorelands and Coastal Zone

Management Program 1991!. This type of ap-
proach to sea level rise preparedness is similar to
that of the San Francisco Bay Conservation and
Development Commission  Bay Plan Ainend-

inent No. 3-88 Concerning Sea Level Rise,
Adopted January 5, 1989! and the U.S. Army
Corps of Engineers  Circular No. 1105-2-186,
Guidance on the Incorporation of Sea Level Risc
Possibilities in Feasibility Studies, Issued April
21, 1989!.

Public Trust Doctrine

The private rights and public use of tidelands
and shorelands relating to the Public Trust Doc-
trine is another issue of growing concern in
Washington. In simple terms, the Public Trust
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Doctrine is a judicial statement of the state's re-
sponsibility to manage public property in the pub-
lic interest. The public property interests include
rights of navigation, fishing and shellfishing  both
conunercial and recreational!, and hy many inter-
pretations, the environmental quality necessary to
support fish and shellfish habitat in navigable and
estuarine waters.

The ownership of all tidelands was nansferred
to the state at the time of statehood under the

equal footing doctrine of the U.S. Constitution,
wherein each new state entering the union ob-
tained status equal to the original thirteen states.
Importantly, the original states followed English
cominon law, whereby the state goveminents
held the tidelands in trust for all the people � the

Public Trust Doctrine.

Through the years, over 60% of Washington's
inland marine water tidelands were sold to private
upland owners  Conte 1982!. Public use of shore-
lines in Washington has traditionally respected
private ownership of tidelands, Many private
tideland owners have excluded the public by in-
stalling "no trespassing" signs and occasionally
by physical threats. However, these actions may
be in violation of the Public Trust Doctrine. There

is curiently an emerging school of thought, sup-
poited by recent court cases, that says that sales
of tidelands never included all rights of property
ownership and were subject to the Public Trust
Doctrine. The courts have held that a government

cannot relinquish its public oust responsibilities.
The act of selling tidelands does not negate the
projections provided by the Public Trust Doc-
trine. Therefore, in the case of tidelands as related
to the doctrine, the issue is, just what public rights
do exist?

In a 1969 case, Wilbour v. Gallagher, the
Washington State Supreme Court declared that
the public has the right to go where the navigable
waters go, and ordered a fill in Lake Chelan
removed, Wilbour v. Gallagher is considered to
be the legal basis for the state's Shoreline Man-
ageinent Act  SMA!. At the time, the Supreme
Court did not explicitly mention the Public Trust
Doctrine.

In state courts the doctrine was largely unrec-
ognized by name until the late 1980s. It was not
until the case of Carni ni ti v. Boy le that the Public

Trust Doctrine was recognized by natne in a

Washington State Supreme Court case. That rec-
ognition was further reinforced by the Orion
Corp. v. Stare case. Furthermore, the court de-
clared that the Public Trust Doctrine had always
existed under Washington law even though not

explicitly cited.
The iinplications for the public and for shore-

line property owners can be interpreted in several
ways. One way would be that the permitting pro-
cess established by the SMA is the means of pro-
tecting the public's interest in the shoreline and
the tidelands, while allowing for necessary devel-
opment on shoreline property. Part of the reason-
ing for this is the public review, comment, and
appeals procedures that are built into the permit
process. Alternativel, the single family residence
exemption from the permit process provided by
the SMA may be an inadequate protection of the
public trust interest and could possibly he subject
to court challenge. Third, allowing a bulkhead or
other structure to be built which interferes with

the natural shoreline erosion and accretion pro-
cess may also be an inadequate protection of the
Public Trust Doctrine's mandate ta protect the
public interest in shorelands and shoreland re-
sources.

Shore/ands has sponsored an evaluation of the
implications of the Public Trust Doctrine for
coastal zone management in Washington State.
This study is based upon a recently completed
nationwide study  Connors, Laurence, Columbia,
Archer, and Bowen 1990!. The Washington
analysis  Johnson, Goepple, Jansen, and Paschal
1991! has just been completed.

ConcIttsions

Coastal hazard initiatives in Washington State
center around erosion issue~long term and
short term, real and perceived, physical and legal.
As noted above, the central policy issue relates to
a balancing of public and private property rights.
Central to that balancing is a heightened aware-
ness of the state's responsibilities under the Pub-

lic Trust Doctrine.
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The Oregon coast is renowned for its rocky
shores, rugged beauty, and accessible, uncrowded
beaches. Long, gently sloping beaches backed by
clif l's front much of the coast, interrupted only by
rocky basalt headlands that extend into the sea.
Steep-faced pocket beaches nestle within short
stretches of rocky coastline. Barrier sand spits
with dune complexes enclose the estuaries of
more than a dozen coastal rivers. Other beaches

form the trailing edge of landward-migrating
dune. sheets.

These ocean beaches are also public recreation
areas by virtue of customary public use, far-
sighted legislation early in the century, and a sub-
sequent series of laws that culminated in the
historic 1967 Beach Bill. Though the path that led
to the preservation of public beach rights was
marked with controversy � numerous legislative
battles, landmark court cases, public initiative pe-
titions, and media blitzes � today we enjoy free
use of both the wet and dry sand portions of Or-
egon beaches. With an unparalleled system of
state parks, waysides, and other access points
along the shore, these beaches are among the
most accessible in the country.

The Oregon coast is also one of the most dy-
namic in the world  see Kamar, this volume!. Se-
vere winter storms, large waves, strong tides and
nearshore cunents, and rain and high winds cat
into beaches and dunes. They undermine and bat-
ter sea cliffs, causing slumping and slides, and
flood low-lying coastal lands. In recent years, the
vulnerability of the coast to large, locally gener-
ated earthquakes and tsunamis has become
widely accepted in the scientific community, add-
ing the threat of catastrophic hazanls to the reality
of the chronic ones we experience  see Madin,
this volume!.

As pressure increases for coastal development,
the more hazardous sites avoided earlier fill in

with houses, motels, and condominiums. Also,
earlier development along much of the coast be-
coines threatened as the shoreline gradually re-
cedes. Episodic erosional events and other
chronic hazards increasingly take their toll on this
development. The response to these hazards has
generally been ta construct riprap revetmcnts,
seawalls, and bulkheads that are designed to fend
off waves, stabilize cliffs, and retain the

shoreland  see Kraus and McDougal, this vol-
ume!. As more development occurs adjacent to
the beach, normal episodes of erosion create a
demand for mote and more structures. These de-

velopment and shore protection practices, in turn,
have raised questions about the effectiveness of
Oregon's coastal management poliries � policies
that were designed to protect the scenic values,
recreational qualities, and accessibility of Oregon
beaches; control development in hazardous areas;
and promote nonstructural alternatives to rcvet-
ments, seawalls, and other shoreline armoring.
These concerns have been magnified by research
which suggests that engineering solutions to
coastal hazards sometimes lead to more prob-
lems, including accelerated erosion of the beach
and adjacent properties, loss of cliff-supplied
sand to the beach system, and gradual beach nar-
rowing in the face of sea level rise.

In this paper, I examine the effectiveness of
Oregon's coastal manageinent policies designed
to initigate the impacts of naturA hazards on pub-
lic beach resources and private oceanfront devel-
opinenL I first outline relevant laws, policies, and
decision-making processes. I then exainine and
evaluate the, implementation of these policies,
based on a Sea Grant-sponsored case study of
shore protection and land use decisions along the
16-mile long Siletz littoral cell on the central



coast  Good 1992!. Finally, I describe the strat-
egy heing used by state coastal inanagers to im-
prove the policy basis for mitigating natural
hazanls on the Oregon coast.

Coastal Natural Hazards Management
in Oregon

Local, state, and federal agencies each have
programs and policics related to the management
of natural hazarLs along the Oregon coast. These
prograins and policies are summarized by func-
tion and governmental level in table 1. Three of
the functions � infoimation and mapping, devel-
opment planning and siting, and shore protec-
tion � ate discussed in morc detail below. The

state and local authorities listed ate part of
Oregon's coastal management program,

Hazards Research, Information, and Mapping
The principal state agency for hazards re-

search, mapping, and techitical assistance is the
Oregon Department of Geology and Mineral In-
dustries  DOGAMI!. Much of the funding for
DOGAMI research and hazard assessment comes

from the U.S. Geological Survey  USG S!, the
Federal Emergency Management Agency
 FEMA!, and other federal agencies. Also con-
tributing to our understanding of coastal pro-
cesses and their influence on shorelines has been

Sea Grant and other federally sponsored research
camcd out at Oregon State University, the Uni-
veisity of Oregon, and Portland State University.

The state coastal management agency, the De-
partment of Land Conservation and Develop-
ment  DLCD!, prescribes hazards inventory
standards for local govetnment plans. Local gov-
cmmcnts prepared hazard inventories in the late
1970s or early 1980s as part of their cornprehen-

sive planning process  scc, for example, Lincoln
County Hazard Inventory [RNKR Associates
1978]!. However, much of the information used
for the inventories was general and has proven to
be of limited use at the level of de&led site-de-

velopment.

Planning and Siting of l!evelopment

Oregon's statewide land use planning progr~
includes hazard-related planning goals used by
local governments to develop local comprehen-
sive plans  LCPs!. Three goals apply directly to

hazards manageinent, Goal 7, Natural Hazards,
mandatcs that development subject to natural
hazards not be located in known at@as of natural

hazards without appropriate safeguards. Goal 17,
Ihe Coastal Shorelands Goal, requires that LCPs
consider geologic and hydrologic hazards along
the ocean shorelands. When problems of erosion
or flooding arise, preference must be given to
land use management practices and nonstructural
erosion controls. Goal 18, Beaches and Dunes,
prohibits development on hazardous dune and
interdune lands and prohibits breaching of
foredunes except in certain unusual circum-

stances. Development on more stable dunelands
requires findings that such development is ad-
equately ptotected from erosion and other
hazatds.

Cities and counties were required to address
Statewide Planning Goals in their LCPs, which

had to be reviewed and approved by the state. All
coastal jurisdictions completed their initial round
of planning in the early 1980s and have state-ac-
knowledged LCPs and implementing onlinances.
Specific LCP provisions for regulating develop-
ment in hazardous oceanftont areas vary. All
counties have required construction setbacks, ei-
ther fixed or variable. Some require geologic
hazard reports from a registered geologist or en-
gineer, and some use overlay ordinances and
other provisions. However, there are few stan-
dardized hazard mitigation provisions in the
plans and some are more effective than others.

The lederal government gets involved in land
use management indire~4y through provisions of
the National Flood Insurance Prograin  NFIP!
�2 USC4001!, administered by local govcm-
ments through the Federal Emergency
Management Agency  FEMA!. The Upton Jones
provision of the law, passed in 1987, authorizes
advance payment for relocation or demolition of
any structure that is coveted by a current NFIP
policy and that is subject to imminent collapse
because of erosion, However, this provision has
not yet been applied in Oregon and it is not likely
to be an important management tool, Most of the
erosion-related property loss is for bluff-top areas
where residents do not have federal flood

insurance.
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LOCAL
GOVERNMENT

STATE
 s0 VERiV MENT

GOVERNMENTAL
FUNCTION

FEDERAL
GOVERNMENT

8 Dept. of Geology and % Local Comprehensive
Mineral Industries Plan  LCP! � hazards
 DOGAMI! � hazards inventory and maps
info and mapping
~ Dept, of Land
Conservation and
Development  DLCD!�
hazards inventory
standards
~ Universities/Sea
Grant � research

~ US Geological SurveyResearch, technical
information, and
mapping

 USGS! � hazards
~ Federal Emergency
Management Agency
 FEMA! � flood and
erosion hazards
~ Corps of Engineers
 COE~rosion hazards

~ FEMA National

Flood Insurance
Program  NFIP!

Planning and siting of
development

8 State Building Code
Agency � building
standards

8 FEMA coastal and

flood construction
standards

~ Local building code
administration � city and
county

Design and building
criteria

8 COE Nationwide

Permit No. 13 � bank
stabilization

Shore protection 8 LCP and development
ordinances  provisions
vary!

~ County emergency
services

~ Emergency
Management Division
 EMD~isas ter
response and planning

Recreation Department  SPRD! and the Division
of State Lands  DSL!, respectively. The etnphasis
in both laws is on protecting public beach rights:
recreation values and scenic and aesthetic quali-
ties, and safe public access to and along the
beach, Both agencies regulate the riprap revet-
rnents and seawalls installed along the shore to
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Emergency planning ~ FEMA
and response

Shore Protection

The installation of shore protection structures

 SPSs! along the oceanfront is regulated by two
state laws: the Beach Law  ORS 390.605-

390.770! and the Removal/Fill Law  ORS
l96.800-196.990!. These laws are administered
as a joint permit program by the State Parks and

~ DLCD statewide

planning standards�
Goal 7: Natural Hazards
Goal 17: Coastal
Shorelands
Goal 18: Beaches and
Dunes

8 State Parks and

Recreation Department
 SPRD!: Beach Law-
regulates shore
protection structures
~ Division of State

Lands  DSL!:
Removal/Fili Law-
regulates revetments and
fill

~ State-approved LCP
with natural hazards,
shoreiands, beaches, and
dunes elements; local
subdivision, zoning, and
flood damage prevention
ordinances

Table l.
Gavel nmental
functi ons and
agencies or
atahoriti esfor
coastal natural
hazards
management in
Oregon,



Figure l. Siletz
littoral cell: policy
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study area,
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contiol erosion and bluff slumping, though their
jurisdictions differ somewhat. SPRD regulates all
types and sizes of structures, but their geographic
jurisdiction is limited to structures that extend
west of a beach zone line  BZL! that was sur-
veyed in 1967, just after the Beach Law was
passed. DSL, on the other hand, only regulates

ofstructures involving 50 cubic yards or more o
material, but their geographic jurisdiction is not
fixed and extends to the upland vegetation line.
0 n' tal planning Goal 18 for Beaches
and Dunes also plays a role in regulating shore
protection. The goal prohibits beachfront protec-

'I jtive structures in areas that were not "developed
on January 1, 1977. Development is defined as
houses, commercial and industrial buildings, and
vacant subdivision lots that are physically iin-
proved through construction of streets and provi-
sion of utilities to the lot, or areas where special

exceptions have been approved. For SPSs, the
goal also requires that visual impacts must bc
minimized, necessary access to the beach be
maintained, and negative impacts on adjacent

property and 1ong-term or recurring costs be
minimized. SPRD and DSL have incorporated
these standards into their own regulations,

The U,S, Army Corps of Engineers  COE!
regulates installation of SPSs under section 10 of
the Rivers and Harbors Act of 1899 and section

404 of the Clean Water Act  P,L, 95-217!. The
Portland District COE issued a new nationwide

permit for "bank stabilization"  NWP 13!, with
regional conditions for Oregon, elfective Febru-

14, 1992, It replaced a sunilar 1986 regional
permit. N WP 13 effectively removes the Corps
from the majority of day-to-day shore-protection
decision making.

Policy Implementation Effectiveness

In 1988, with funding froin Oregon Sea Grant
and assistance from sevetal state agencies and

of thelocal governments, I initiated an evaluation o e

implementation of existing policy for managing
developinent and shore protection along thc
oceanfront  Good 1992!. The objectives of the

study were �! to detenninc if the goals
and objectives of Oregon's shoreline

management laws, programs, and regu-
lations are being achieved; �! to exam-
ine the validity of the underlying
scientific and management princip es' I

on which these laws, programs, an d
regulations were based; and �! to pro-
vide those who make and carry out
ocean shoreline management policy
with specific suggestions for improving
policy and policy implementation.

The principal focus of the study was
on the state laws and policies and LCPs
that make up Oregon's beachfront
"inanagement regime." Policy objec-
tives from each law or policy were
identified and synthesized into a single
set of shore protection and land use
policy objectives. For each objective,
possible incasurcs or indicators of
policy achievement were identified,
Because of the long history of develop-
ment there, the Siletz littoral cell was

selected for the case study  fig~re 1!.
Data needs to evaluate achievement of
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policy objectives were identified, a Silctz cell
geographic information system  GIS! was devel-
oped that incorporated this data on a tax lot by tax
lot basis, and the data were collected and entered

into the GIS. A set of queries related to the policy
objectives were developed and performed. The
results, summarized below, represent the first de-

tailed assessment of how well key policy objec-
tives in Oregon's shore protection and land use
laws are heing achieved.

Hazard-related Policy Goals and Objectives

Three fundamental goals arc central to the
suite of laws and rules that constitute Oregon's
beachfront "management regime." They are

I! to protect the beach for public recreational
use and enjoyment;

2! to conserve, protect, and where appropri-
ate, develop or restore oceanfront lands;
and

3! to protect human life and property from
natural or human-caused hazards.

The morc specific policy objectives in these
laws and rules that link decisions with goal
achievement are suminarized in table 2. These

policy objectives are not the exact language of
any single statute or rule, but are composite state-
ments from all the statutes and niles examined.

Measures or indicators of policy achievement are
also listed in table 2. These arc the specific quali-
tative or quantitative data or evidence needed to
determine whether or not local and state decisions

are actually consistent with policies. The results
and conclusions reported here are based largely
on data and evidence from queries of the Siletz
littoral cell GIS and database,

Are Policy Goats and Objectives Being
Achieved?

The policy goals outlined above and the objec-
tives in table 2 are implemented primarily
through local land use and related administrative
decisions and through shore protection decisions
made at the state level. Examination of the out-

comes and impacts of decisions inade by local
governments and state agencies since thc incep-
tion of the programs, as well as processes used to
arrive at decisions, provides useful information
for evaluating "implementation success." Some
of these findings are outlined below.

Implementation Effectiveness of Oceanfront
Development Policies

One of the principal findings of this evaluation
study is that in the Silctz littoral cell, there is a
strong linkage between local land use decisions
and the demand for hard SPSs. These structures,

as discussed later, are cause for concern because

of adverse short- and long-term impacts on recre-

ational and scenic values, public access, and natu-
ral replenishment of beach sand froin sea cliff
erosion.

There are a number of underlying reasons for
tlus linkage between land use decisions and SPS
demand, First, despite the fact that Oregon has
one of the most far-sighted set of state land use
policies in the United States  DeGrovc 1984!, in-
cluding three land usc goals that focus on natural
hazards, the hazard management strategies actu-

ally employed by landowners depend more on
structural mitigation than on hazard avoidance,
Along the Silctz cell oceanfront, the result has
been the proliferation of SPSs.

This connection between land use and SPSs is

well understood by planners and others close to
the decision-making process and is supported by
a variety of evidence. For example, ocearifNont
construction setbacks for new buildings, whether
they follow county or city guidelines or are based
on consultant recommendations, are not effective

hazard-avoidance mechanisms. In the Siletz cell,

where new construction building setbacks inet, the

minimum requirements in thc county/city hazard
inventory, 40% of the sites later required SPSs to
mitigate erosion hazards  table 3!. Where county/
city setbacks were not followed  usually smaller
consultant-recotnmended setbacks were substi-

tuted!, 38% later required SPSs. Clearly, neither
county/city nor consultant setback procedures
work well in limiting the demand for hard SPSs.

The demand for structures is also increased by

local policies that sometimes require a property
owner to install a hard SPS in order to get a build-
ing perinit. This is because a large nuinber of va-
cant oceanfront lots are very shallow and virtually
unbuildable without an erosion-prevention struc-
ture. Because subdivision and lot partition rules
do not sufficiently factor in natural hazard con-
cems along the oceanfront, lots with too little
depth continue to be created.



OB JECTIVE1 MEASURE OR INDICATOR OF POLICY
ACHIEVEMEYI'

1. Regulate the installation of SPSs a! process established and used to regulate the
installation of SPSs

b! numbers, types, and locations of regulated and
unregulated SPSs constructed since 1967  Beach Law!
and 1976  R/F Law!

2. Prohibit hard SPSs for property "developed"
after January 1, 1977

a! process established and used to prohibit hard SPSs
for property "developed" after January 1, 1977

b! numbers, locations, and situations where SPSs were
permitted, but development did not exist on Janu~ 1,
1977

3. SPS permits shall not be approved unless a! process established and used to determine
compatible with local comprehensive plans  LCPs! compatibility of SPS proposals with LCP

b! numbers, conditions, situations where SPSs
permitted, but LCP compatibility not determined

4. Demonstrate the need and justification for shore a! process established and criteria used to determine
protection when a hazard exists and if a shore protection solution

is warranted

b! the need or justification for approved and denied
shore protection permits as reported in findings; or
actual physical or other evidence of need

c! SPS application approval or denial decisions

d! SPS application decisions on vacant parcels

5. Examine and, if reasonable, use alternatives to
hard SPSs, including hazard avoidance in land use
and admiius trati ve decisions

a! processes are established and used to examine and
consider land use management and nonstructural
alternatives to hard SPSs

b! numbers and locations of parcels where new
development did or did not comply with required

10bjectives were synthesized from policy language in the following statutes and administrative rules;

Beach Law  ORS 390,605-390.770!
Beach linprovement Standards  OAR 736-20-003 to 736-20-035!
Removal/Fill Law  ORS 196.800-196.990!
Removal/Fill Administrative Rules  OAR 141-85-005 to 141-85-090!
Comprehensive Land Use Planning Law  ORS 197!
LCDC Goal 7, Areas Subject to Natural Hazards and Disasters  OAR 660-15-000!
LCDC Goal 17, Coastal Shorelands  OAR 660-15-010!
LCDC Goal 18, Bemhes and Dunes  OAR 660-15-010!
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6, Before issuing permits, evaluate, avoid, and
minhnize the individual impacts of permitted SPSs
on public access and recreation use; visual and
scenic resources; beach and adjacent land erosion;
public safety; other cultural and natural values and
resources,

7 � Before issuing permits, evaluate, avoid, and
minimize the long-term, recumng, and cumulative
impacts of SPSs on public access and recreation
use, visual and scenic resources, beach and adjacent
land erosion, public safety, and other cultural and
natural values and resources.

hazard avoidance setback, and subsequent SPS needed
for both categories

c! numbers and locations of parcels that used or did not
use relocation as a nonstructural alternative to hard SPS,
and the potential for future use of this technique

d! numbers, instances where other alternatives to SPSs
have bccn used to mitigate hazards, or, for issued
permits, evidence that such alternatives were not
feasible

a! process established and used for evaluating, avoiding,
and minimizing impacts of each proposed SPS; and for
establishing and enforcing permit conditions

b! where SPSs interrupt or destroy public access,
affected access ways to the beach are retied or
replaced; where SPSs encroach on the public beach,
lateral access is maintained; instances where SPSs
installed at or adjacent to state parks, waysides, or
public access points

c! qualitative assesstnent of visual and scenic impacts of
indi vidual S PS s

d! the design  and construction! of SPSs  size, scale,
materials, shape, placement, lateral tie-in! is consistent
with hazard and need; encroachment of individual SPSs
on public beach; instances, situations where prohibited
materials used to build SPSs

e! evidence of SPS-induced heach or adjacent property
erosion

f! siting of SPSs with respect to historical and
archaeological sites

g! siting of SPSs with respect to threatened or
endangered species habitat or other valuable wildlife
habitats

a! process established and used for evaluating, avoiding,
and nunimizing cumulative impacts of SPSs

b! cumulative length of SPSs installed along the
beachfront by year, type, and landform

c! numbers, degree, and area of SPS cncroachrnent on
beach  as compared to beach area available! and effects
on lateral access and recreational use

d! cumulative loss of sand supply to the beach due to
hard SPS installation along sea cliffs



Table 3.
 :onsirucri rn
ser backs and
subsequenr need for
shore prorecri on
sirucrures, Silerz
li uoral cell, l977-
l99l.

Structural hazard mitigation is also promoted
by inteipretations of planning goal language. For
example, Goal 7 states that hazardous sites shall
not be developed without "appropriate safe-
guards," Local land use policy, approved by the
state planning agency, interprets this language to
mean "adequate safeguards." And hard structures
ate usually deemed "inore adequate" than
nonstructural mitigation, While this outcome is
not inconsistent with the hazard-related land use

goal that focuses on the need to protect life and

property, it conflicts with the beach protection
goal. The net result is morc SPSs. Other policy
language that implicitly seeks to promote avoid-
ance of hazards and avoidance of hard SPSs

 " land use manageinent practices and
nonstructural solutions... shall be preferred" ! is
relegated to secondary status.

The "hard structure solution" is further institu-

tionalized by the 1argely uncritical acceptance by
local officials of required geotechnical site reports
that are based on variable standards and are not

subject to quality assurance measures or scrutiny
by peers. Revetments and seawalls have siinply
become the norm. And, as one permit administra-
tor put it, "ievetments beget revetments."

Another reason land use practices are driving
the demand for SPSs has to do with where the

decision-making responsibility lies � alinost
solely in the hands of local officials. There is a
great deal of pressure on these officials to encour-
age and facilitate growth. Access to the local de-

velopment decision-making process by state
agencies with broader or somewhat different mis-
sions is often nonexistent  in the case of local ad-
ministrative decisions! or limited and costly
 through thc land use decision appeals process!,

Another contributor to problems of oceanfront
dcvclopmcnt siting with iespect to hazards is the

relatively uncoordinated piaruting for
beachfront areas. Virtually every foot
of private beachfront land in the Siletz
cell is zoned for residential or commer-

cial development, with little regard for
hazards. There are also few effective

controls on development practices that
threaten the values, resources, and even
long-term viability of the adjacent pub-
lic beach. Little or no regard is given to
beach stability factors or wave run-up

and erosion potential when developinent is
planned. Finally, plans for adjacent jurisdictioiLs
within the same littoral cell are uncoordinated

with respect to hazards.

Implementation Effectiveness of Shore Protec-
tion Policies

The oceanfront dunes and sca cliffs along the
Siletz cell shoreline arc the most intensively de-
veloped along the Oregon coast 70% of its
nearly 900 buildable oceanfront lots are devel-
oped, It is also one of the most erosion-prone ar-
eas along the coast  Shih 1992!. As such, lhe ceil
represents a worst-case scenario in terms of de-
velopment intensity and potential deinand for
SPSs. Given this situation, how well has the shore

protection decision-making process worked in the
past? What have been the impacts or outcomes of
shore protection decisions? And what might be
done to improve the pmcess to better achieve ex-
isting and possibly more informed policy goals'?

Along the Siletz littoral cell, the shoreline is
gradually being hardened with SPSs, mostly large
riprap revetments and low concrete seawalls  fig-
ure 2!. Of the 14 miles of beachfront shoreline,
6.8 miles �9%! have seawalls or revetments in-

stalled  figure 3!. Figure 3 also illustrates the
clear relationship between SPS construction ac-
tivity and the periodic El Nillos that bring short-
term elevated sea levels, major storms, and
erosion. Because strong or very stmiig El Ninos
occur on average every 8.5 years  Quinn et al.
1987!, these severe erosion episodes and the

gradual annoring of developed and developing
coastlines are likely to continue.

The starting point for most discussions about
shore protection ineasures that can be taken to
mitigate actual or perceived hazards is the SPRD/
DSL joint permit process. With some exceptions,
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Figure 2, Riprap
revetrnents extend
out on the public
beach at many
points along
rr'leneden BeIu'h.
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Figure 3.
Cumulative and
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constrtu ted in Ihe
Si letz littoral cell
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events that ot curred
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since 1977, 63% of the SPS

permits have been processed hy both SPRD and
DSL  table 5!. Some of the duplication of effort
has been eliminated by a joint application form
and a jointly signed permit, but more could be
done

Another finding related to the pemiit process is
that there are no consistent criteria for when

"emergency" permits are warranted. The eligibil-

ity for emergency riprap of oceanfront lands that
were not "developed" as of January 1, 1977 also

needs to be determined  scc table 2, objective 2!.
Jurisdictional gaps and overlaps aside, the per-

mit process for SPSs has serious flaws, beginning
with the permit application form itself, The form
provides little of thc information needed to make
a thorough cvaluaiion ol the need and justifica-
tion f' or the structure, ihe alternatives to hard
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the shore ptotection process in
Oregon is basically a reactive
one � property owners, or their
consultants or contractors, fill out

and submit a joint SPS permit
application.

A first observation about the

pemiit process is that it has a
numbCr Of juriSdiCtiOnal gapS and
overlaps that limit its effective-
ness and create needless duplica-
tion af effort. Some of these gaps
become apparent in a perusal of

the governmental functions and
responsibilities for shore pio-
teciioii outlined in table 4.

Others become evident from

queries of the Siletz cell GIS.
For example, as a result of
jurisdictional gaps in SPS
regulation, 3 of 10 ocean-
front SPSs built since 1967

in the Siletz cell have not re-

quired a state permit  table 5
and figure 4!. Almost 50% of
these SPSs were built east of

SPRD's permit jurisdiction

 ihe beach zone linc! prior to
1977, when DSL assumed
joint permit authority  table
5!. However, because of
overlapping jurisdiction

shore protection that might be substituted, the
proposed design and how it relates to the severity
Of the hazard Or threat, and expeCted impact. Al-
though SPRD and DSL do conduct a liinited as-
sessment of proposed SPSs, the lack of criteria or
structured process for assessing need, altema-
tives, design, and impacts results in less than sat-
isfactory decisions and outcomes, Some
examples illustrate this general point.

With regard to need and justification for a hard
SPS, there are no specific criteria to be applied to
make this determination  see table 2, objective 4!.
Absent such criteria, the permit record from the
Siletz cell indicates that in 35% of the cases, there

was no hazard or actual threat that warranted is-

suance of an SPS permit. Yet permits were is-
sued. In 28% of the cases exainined, the lots for
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which SPS permits were issued were vacant,
suggesting that the presence of upland irtiprove-
ments is not an important consideration in the
project "need determination." In other cases
where there was little hazard or threat, however,

the state did take a hard line and denied permits.
Yet the erratic record of permit denials over time
is further evidence of the lack of consistent deci-

sion-making criteria � 50% of all denials oc-

curred in a single year and 83% in four years of
the 25-year record.

Similarly, there is no process for systemati-
cally evaluating alternatives to hard SPSs  see
table 2, objective 5!, even though Goal 17
 Coastal Shorelands!, and SPRD and DSL regu-
lations assert that such alternatives are "pre-
feried." What those alternatives are and

situations where they might be applicable have
not even been specified.

As with other aspects of the process, the
evaluation of potential impacts of SPS proposals
is weak  see table 2, objective 6!. SPRD does use
its beach improvement standards as an evaluation
guide; however, while this is helpful, it is rela-
tively superficial and liinited by their authority
and expertise, SPS designs are not critically m-
viewed and in most cases are inany times larger
than needed  figures 5 and 6!, resulting in unnec-
essary public beach encroachment  table 6 and
figure 7!. The physical impacts of structures are
also not evaluated, for lack of both information

and expertise. Geotechnical
reports, sometimes prepared
to justify SPSs, generally do
not give the rationale for the
proposed SPS in comparison
with other alternatives con-

sidered. Neither do they say
why the specified design is
needed and rarely do they
describe the iinpacts of the

proposed structure. Also, the
lack of report standards and
provisions for peer review
lessens the usefulness of

these documents.

Figure 5. The "average" riprap revetment size for the
Si letz cell  A! contrasted with a hypothetical str ucture sized
for maximum wave run-up  see Shih l992! during a l00-
year storm at extreme high tide at Gleneden Beach, Oregon
 B!

Consideration of the long-tenn impacts of
SPSs, required by state policy, is simply not a
high priority for SPRD or DSL given the many
more immediate problems with the process and
the decisions that must be made  see table 2,



sand budget due to SPS installation  figures 8 and
9! may eventually lead to beaches that are nar-
rower and less effective as erosion buffets. With

the gradual loss of buffering beaches, episodic
erosion will likely threaten more and more upland
development and result in an increasing rate of
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Figure 7. Cuntulative
loss of "dry sand
beach" area in the
Siletz cell caused by
encroachnrent of shore
protection structures
weSl ojthe beaCh Zone
line as compared io lhe
hypothetical summer
and winter beach.

objective 7!, Nevertheless, study results suggest
that long-term, cumulative impacts are potentially
among the most serious concerns, especially in a
littoral tA:H like the Siletz where cliff-supplied
sand is an important contributor to the sand bud-
get. The gradual loss of cliff-supplied sand to the

Figure 6, The
Furman riprap
revetment at 5 44th
St. in Lincoln City
i,s an eAreme case
of an overdesigned
struciure.

Table 6.,Shore
profecli On
structures bui ll
west of the
beach zone line
 B7L J, Siletz
littoral cell,
l 967- l 991.



Policy Improvements Sug-
gested by the Siletz Cell Study

A wide array of planning,
siting, and design decisions
made by individuals, busi-

nesses, local governments, and
state and federal agencies are
or should be � influenced by
coastal natural hazards. Deci-

sions about how coastal lands

should be zoned and used over

thc long term; decisions about
the layout of oceanfront subdi-

visions; decisions on the location, siting, and de-
sign of private development; decisions to invest
in, finance, and insure developinent; decisions to
protect development, beaches, and recreational
resources � all of these are affected by natural
processes that present hazards to life and prop-
erty. Below I suggest policy and policy imple-
mentation improvements that respond to the
decision-making shortcomings detailed earlier,

Figure g. Sand can
be supplied to the
beach by the eroding
cliff on the left'; Sand
supply has been cuf
off by construction of
a ripr ap revetment af
the base of the cltlJ
on lhe r ight.

Establish a simple, clear coastal hazard
mitigation policy based first, on hazard avoid-
ance; second, on minimizing the adverse ef-
fects of development in hazardous areas; and
finally, on compensation for unavoidable ad-
verse effects.

In terms of an overall management strategy,
hazard avoidance should be

15
Figure 9, Cumulative
loss of sand supply
due to construction of
shore protection
strtu.tures in the
Siletz littoral cell,
�967-1991.
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SPS installation. The recreational values of the

beach will be much diminished.

Improving Coastal Natural Hazards
Policy in Oregon

Although there is a substantial base of public
policy for addressing inany of the natural hazards
issues that arise in the siting and protection of
oceanfront development, the above critique indi-
cates that irnprovernents are needed in both the

substance and implementation of state and local
policy. Below I outline some preliminary recom-
mendations, based on my findings in the Siletz
cell case study. I also describe a new process Or-
egon is using to examine and improve its

SANO VOLLIAIE tt BOO CUBIC YAROS!
20�

39% OF ANNUAL SANO SUPPLY LOCKEO UP

management of coastal natural

hazards.

a fundamenlal prf net pie
guiding the siting of new
oceanfront development
along the Oregon coast.
This should be the rule for

undeveloped raw land, for
infill development, or for
redevelopment or improve-
ment of existing upland
buildings or infrastructure.
If, as is often the case, de-

velopers cannot completely
avoid hazards, then they
should � as much as pos-
sible � avoid the adverse

impacts of hazard mitiga-
tion, mainly by the use of



nonstructural alternatives to hard SPSs. Examples
include dune building along the oceanfront to cre-
ate better buffers against episodic erosional
events, bank sloping and revegetation of sea
cliffs, relocation of threatened upland structures,
and the use of relatively small, dynainic protec-
tive structures, If for soine reason hard SPSs can-

not be avoided, compensation for unavoidable
adverse impacts � individual and cuinulative-
should be inquired. This hazard mitigation frame-
work is similar to that which has been used for

many years to avoid, miniinize, and compensate
for the adverse impacts on wetland resources.
Such a framework could be implemented though
the site assessment and setback procedures sug-
gested next, as well as the beachfront planning
process outlined later.

Develop a more consistent, structured site
assessment procedure and reporting process
for development in hazardous areas, incorpo-
rating a coastwide construction setback proce-
dure.

Two related tools for impleinenting the hazard
mitigation framework suggested above are  I! an
unpioved site assessment and reporting process
for areas subject to hazards and �! a coastwide
building setback procedure. Standards and qual-
ity-assurance procedures, including third-party
peer review, need to be established for geological
and geotechnical site assessinent reports. These
reports could be used to determine a hazard
avoidance construction setback, using a consis-
tent statewide procedure, but applied on a site-by-
site basis as a function of applicable ocean,
beach, cliff, or other risk factors. Such a setback

procedure would recognize the unique situation
present at each location but provide overall con-
sistency of siting decisions with respect to eio-
sion, fiooding, landslide, and other hazards.

Prepare comprehensive, integrated
beach' ont management plans for individual
littoral cells.

There is a critical need for a more coordinated

beachfront development planning process for
littoral cells along the coast, especially for
shorelines with significant private ownership,
These private owners and the local and state
officials charged with hazard assessment, beach

management, and coastal planning should work
together to develop special area management
plans for discrete littoral cells. The "special area
planning" model is a well-developed and familiar
one in Oregon, having been used to develop
coordinated plans for each of Oregon's 17
estuaries in the late 1970s and early 1980s  Davis
1980; Gusman and Huser 1984!. The model is
also the foundation for the wetland conservation

planning process the state legislature put in place
in 1989  ORS 196.678-196.681!. Beachfront
management plans for littoral cells, developed
using the hazard mitigation framework suggested
above, and based on hazard and sand supply
assesstnents and mapping, scenic resource
inventories, public recreation needs, and upland
development interests and plans, would resolve
many of the shortcomings of present local plans.
They would also facilitate more coordinated and
conscious decisions with respect to hazards.

Provide for more state oversight of local
land use decisions for coastal lands affected by

hazards.

While local officials are unlikely to invite
greater state oversight and access to land use de-

cisions generally, having such oversight for these
few decisions  for example, the siting of ocean-
front development! would at least shift the politi-
cal burden of unpopular decisions to the
somewhat more insulated state level. Although
this would not remove political and economic
influences from the oceanfront siting process, it
would provide a buffer for local officials and
likely yield inoie consistent hazard avoidance de-
cisions. Again, analogies can be drawn with the
wetland regulatory process, where development
conditions are largely determined though the
state and federal permit process. Many local gov-
emments have been more than willing to leave
these decisions with the state because they lack
the requisite expertise for assessment and because
it distances them from decisions that are often

unpopular.

Consolidate SPRD and DSL beachfront

shore protection permit programs into a single
program at SPRD; eliminate gaps in jurisdic-
tion and enforcement authority.

The regulation of SPSs fits well with the over-
all beach manageinent responsibilities of SPRD
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because of their historical emphasis and expertise
in evaluating beachfront protection proposals for
recreational and access-related impacts and be-
cause they have a regular field presence. How-
ever, SPRD's jurisdiction over SPSs needs to be
extended to alI beachfront structures that are

likely to affect the resources and values protected
by the Beach Law, not just those that extend west
of the BZL, Sufficient Beach Law enforcement

authority, similar to that in the Removal/Fill Law,
also needs to be established. DSL's present role
in beach management and regulation, which is
coinparatively small, could be eliminated if the

above gaps were closed. Their prograin focus and
expertise is clearly in the wetlands and waterways
arena, not beaches. Wherever the beachfront per-
mit program is housed, responsibility for geologic
and engineering review should be assigned to the
state agency with the requisite expertise � the De-
partment of Geology and Mineral Industries
 DOGAMI!.

Clarify policies and improve the evaluation
process for SPS permit applications, with em-
phasiss on determination of need and justifica-
tion, alternatives to hard SPSs, appropriate
design of SPSs, and impact assessment.

A policy as to what constitutes "need and justi-
fication" for a hard SPS is needed. For example,
permit applicants should clearly demonstrate that
a hazard exists and that upland irnproveinents are
threatened. For officials to implement such poli-
cies, standard hazard assessment procedures need
to be developed and included in the permit re-
view process.

For situations where a bona fide hazard exists

and property is threatened, we need to establish
procedures to evaluate nonstructural alternatives
to hard SPSs. Alternatives that might be exam-
ined include landward relocation, dune building
and stabilization, bank sloping and revegetation,
selective beach nourishment, and dynamic struc-
tures. Where hard SPSs are the only viable shore
protecfion solution, SPS design criteria vis-h-vis
the hazard and threat need to be established and

Used.

The Coastal Natural Hazards Policy Working
Group

In response to the problems detailed in this pa-
per � new scientific and technical information on

hazards, growing development pressures in haz-
ardous coastal areas, and weaknesses in present
hazard mitigation policies and their implernenta-
tion � Oregon Sea Grant and the state coastal

management agency  DLCD! have organized a
Coastal Natural Hazards Policy Working Group
 P WG!, The group is the centerpiece of Oregon's
coastal hazards policy improvement strategy, a
program that addresses the federal Coastal Zone

Management Act amendinents of 1990.
The PWG, which includes oceanfront land-

owners, real estate agents, local officials, a devel-
oper, geologists, planners, biologists, and
environmentalists, has taken up the task of identi-
fying impoitant coastal natural hazard issues,
evaluating existing manageinent strategies and
examining alternatives, and then recommending
and supporting needed policy unprovements to
decision makers at all governmental levels. The
group will be meeting regularly over an 18-month
pe nod.

The PWG is using a highly structured process
to develop their policy recommendations. The
entryway into the process is an "all-hazards/all-
decisions" matrix  figuie 10! that is likened to a
large window with many panes. To organize the
potential chaos associated with all hazards and all
types of decisions, the PWG confines itself to a
certain section of the matrix for each of its ses-

sions. For exainple, a PWG discussion session
might confine itself to "locating private develop-
ment in undeveloped areas as it relates to erosion
and flooding hazards." Eventually, all of the ina-
trix "windows" get addressed.

The PWG process involves several stages. In
stage I of the process  now underway!, the PWG
generates a list of problems within the selected
issue area, groups thein by type, and ranks them
by relative impoitance. Using brainstorming, the
group comes up with a set of alternatives and,
through guided discussion, relates them to the
problems. In subsequent sessions, the PWG ex-
amines issues and alternatives for each of the re-

maining portions of the matrix, The product of
these sessions is a "working list" of issues and
alternatives, organized around natural groupings
 education, assessment, planning, protection, and
so on!,

In stage 11  about February 1993!, the "work-
ing list" will be transfortned into discrete sets of
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ALL-HAZARDS/ALL-DECISIONS MATRIX FOR CONSIDERATION
OF COASTAL NATURAL HAZARDS POLICY ISSUES AND ALTERNATIVES

CHRONIC HAZARDS CATASTROPHIC HAZARDS

Liq/set SlideFault Sub/Fl
0

PRIVATE/PUBLIC
DECISIONS

Tsun/SeiC~r-shakEros SLRSlide FloodRecess

Locating private
development in
undevelo ed areas
Locating public
infrastructure and facilities
in undevelo ed areas

Designing private
development in
undevelo ed areas
Designing public.
inl rastructure and facilities
in undevelo ed areas
Protecting private
development in
uodevelo ed areas
Protecting public.
infrastructure, and facilities
in undevelo ed areas

Locating private
devclo ment in inml areas
Locating public
infrastructure and facilities
m infill areas

Designing private
dcvclo ment in infiB areas

Designing public
infrastructure and facililics
in infill areas
Protecting private
develo ment in tnf ill areas
Protecting public
infrastructure and facilitics
in infill areas

Locating private
development in developed
areas
Locating public
infrastructure and facilities
in develo ed areas
Designing private
d«veloprnent in developed
areas

Designing public
infrastructure and facilities
in develo ed areas
Protecting private
development in developed
ar 'as

Protecting public
infrastructure aad facilities
in develo ed areas

EMERGENCY
RES PONS E PLANNING

POSTDISASTER
RECONSTRUCTION
PLANKING

Figar e /0.
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issues, alternative solutions or approaches, and a
framework to evaluate their feasibility. At this
point public workshops will be held and other
opinion-gathering efforts will be made. Then the
PWG will decide which alternatives should be

advocated for implementation. Finally, in stage
HI  fall 1993!, policies and actions will be pack-
aged and recommended to loca! and state
policyrnakers.

In summary, the Oregon coast is affected by a
variety of' natural hazards � chronic erosion, land-

slides, flooding, and potentially catastrophic
earthquakes and tsunamis. Hazard mitigation at
the state level is accomplished through state-rnan-

dated, locally implemented land use planning and
development policy, and state regulatory pro-
grams for short. protection, Hazards policy imple-
mentation is generally ineffective, particularly
with respect to the cumulative effects of hard
shore protection structures. Shortsighted land de-
velopment practices are, in part, driving the de-
rnand for hard shore protection, Furthermore,
present polices do not address the potential im-
pacts of accelerated sea level rise expected next
century or the very real threat of a major subduc-
tion zone earthquake and related hazards. To deal

with these implementation shortcomings and
unaddressed hazards, Oregon Sea Grant and state
coastal managers have organized a Coastal Natu-
ral Hazards Policy Working Group. The group
represents a broad range of interests and is using
an all-hazards approach to build consensus and

develop recommendations for improved hazards

mitigation policy.
This paper is the result of research sponsor�

in part by Oregon Sea Grant with funds from the
National Oceanic and Atmospheric Administra-
tion, Office of Sea Grant, Department of Com-
merce, under grant no. NA89AA-D-SG108

 project no. R/CM-37-PD! and from appropria-
tions made by the Oregon State Legislature. The
work was also supported with funds from the Or-
egon Department of Land Conservation and De-
velopment through Section 306 of the Coastal
Zone Management Act, administered by NOAA,
Office of Ocean and Coastal Resources Manage-
ment; and in part by funds from the State Parks

and Recreation Department, the Division of State

Lands, and the Department of Geology and Min-
eral Industries.
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