
Over the millennia, Oregon’s
coastal rivers and estuaries have
attracted people and invited
settlement along their edges.
Prehistoric and later indigenous
people found abundant fish and
shellfish, birds and waterfowl, marine
and land mammals, and densely
vegetated riparian areas and
floodplains—all of which provided
essential food, clothing, and shelter.

Early explorers, fur traders, Euro-
American settlers, and developers were
drawn to these pristine watersheds by the
abundant exploitable natural resources
and the many advantages the coastal
waterways offered.  Forested slopes of the
foothills and coastal mountains
furnished a seemingly endless supply of
timber, first for putting up cabins and
other essential structures, then for
erecting mills and docks, building boats
and ships, and ultimately exporting
forest products to other parts of the
world.  The rich alluvial soils of the
floodplains proved ideal for raising crops
and pasturing livestock.  In a roadless
era, the waterways themselves were
important transportation corridors, as
many still are.

Several different types of
commercial and industrial activities
brought more development to
Oregon’s estuaries, especially the
larger ones.  For example, coal mining
near Coos Bay, dairy farming in the
Tillamook Bay area and elsewhere, a
growing pulp and paper industry,
expanding wood-products operations,
and coastwide development of
commercial fisheries, began in the late
19th century and continued into the
20th century.  With these activities
came residential and municipal
expansion and the building of
railroads, highways, and bridges.
Urban areas—with all their buildings,
shopping centers, roofs, streets,
parking lots, driveways, and other

impervious surfaces—spread from the
river banks and estuary shores
throughout much of the lower
floodplains of Oregon’s coastal rivers.

To accommodate all this growth,
people have greatly modified the rivers,
estuaries, and riparian areas and
disrupted or displaced vast floodplain
natural areas and their important
functions, leading to increased
potential for floods.  Development for
short-term benefits has had long-
term consequences that probably
weren’t apparent until the latter
part of the 20th century, when
people began to gain a better
understanding of the effects
their actions might have on
future generations, wildlife
habitat, the health of our
rivers and estuaries,
and the quality of
coastal life.

“Rivers and their floodplains are
dynamic and complex natural systems
that can provide important societal
benefits, both economic and
environmental.  By adapting to the
natural phenomenon of flooding,
rather than trying to control
floodwaters, we can reduce the loss of
life and property, protect critical
natural and cultural resources, and
contribute to the sustainable
development of our communities.”

— John H. McShane, Acting Chair
Federal Interagency Floodplain

Management Task Force
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PERIODIC FLOODING IS A
NATURAL AND BENEFICIAL PROCESS

In a relatively undisturbed watershed, the natural,
recurring process of flooding would have few, if any, long-
term detrimental effects on the environment.  In fact,
seasonal and periodic flooding is beneficial to plant and
animal communities throughout the watershed and is
essential to certain estuarine functions.

For 10,000 years, rivers have carved out their
floodplains, level lowland areas adjacent to their
channels, to act as catch basins for storing and conveying
excess floodwaters.  Along the Oregon coast, floodplains
are relatively narrow and densely vegetated, gradually
widening as the river approaches the estuary.  Various
and diverse floodplain ecosystems range from the riparian
forests and forested wetlands that characterize the river’s
upper and middle reaches to the salt marshes that border
the estuary.  In between, lush meadows, offstream side
channels, backwaters, freshwater marshes, and intertidal
creeks and sloughs provide wildlife habitat and natural
flood control.

Oregon’s estuaries are subject to periodic and
seasonal flooding from both marine and riverine sources.
The incoming tide, or flood tide, visits estuaries twice daily,
inundating intertidal flats and low salt marshes with
waters bearing nutrients and sediments from the ocean
that are crucial to the health of estuarine plant and animal
assemblages.  Equally important are the seasonal floods
resulting from winter storms and spring runoff, which
carry land-based sediments and organic matter and trigger
chemical processes that are beneficial to floodplain soils
and vegetation.

Seasonal flooding of lowlands along the Oregon
coast creates resting, feeding, and overwintering areas for
many species of shorebirds, wading birds, and waterfowl,
some of which are listed as threatened or endangered
species.  Nearly all of the ducks that migrate along the
Pacific Flyway use Oregon’s estuaries and floodplains at
some time from early autumn to late spring.  Some
waterfowl remain all winter, attracted by the moderate
climate and abundant food.  Local ducks, geese, and
wading birds stay all year, nesting and raising fluffy broods
in floodplain marshes and vegetated riparian areas.  They
often find food and refuge from predators in ponds and
potholes left by receding floodwaters.

Flooding also moves large woody debris through the
watershed, depositing it along banks and in channels
from headwater streams to the estuaries.  Downed trees,
large branches, and root wads that become embedded
along stream banks can help stabilize the banks and
prevent erosion.  In the stream, large woody debris
increases channel complexity and creates valuable habitat
for salmon, trout, and other fish, as well as for the many
spiders and insects the fish eat.  Large wood also absorbs
streamflow energy, thus reducing flow velocities and

preventing downstream erosion.  In the estuary, logs, trees,
and other driftwood function similarly by augmenting
structural complexity and providing habitat and refuge
areas for fish and other estuarine organisms.  Moreover,
in this brackish environment, marine wood-boring
organisms devour a good bit of the driftwood and,
through their waste products, contribute substantial
amounts of organic detritus to estuarine food webs.

Along the edges of estuaries, the roots and rhizomes
of salt-marsh plants help to stabilize the shoreline and
protect it against erosion; the emergent parts of the plants
help prevent excessive siltation of tidal channels by slowing
the flow of water through the marshes and causing fine
particles to drop out and settle.  Like spongy buffer zones
between the estuary and upland areas, salt marshes
moderate the effects of winter storms and spring runoff.

Throughout the watershed, hydrological, geological,
and biological features combine to perform valuable
floodplain ecosystem functions.  While storing and
conveying floodwaters, floodplain wetlands and vegetated
riparian areas protect and enhance surface-water quality,
recharge groundwater aquifers, and help reduce
floodwater volume and velocity while preventing
downstream erosion.  They also provide habitat for
terrestrial, avian, and aquatic wildlife while furnishing
scenic and aesthetic value, as well as diverse recreational
activities and opportunities for scientific study.

DEVELOPMENT AND MODIFICATION
INCREASE FLOOD THREAT

Various features of floodplains interact to play
crucial environmental roles, which human disturbance
can disrupt, sometimes with devastating results.
Development along river banks and estuaries degrades
floodplain ecosystems, increases the potential for flood
damage, and upsets  valuable natural functions.

Overdevelopment of floodplains is the double-edged
sword that makes flooding such a threat to human life

 NORMAL CONDITIONS
 PERIODIC FLOODING
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and property.  First, by putting houses, businesses, and
industrial structures in the floodplain, people place
themselves and their property in harm’s way.  Moreover,
eliminating natural flood-buffering wetlands, open areas,
and riparian vegetation to make room for floodplain
development increases the threat and effects of flooding.

Loss of coastal wetlands and their functions has
coincided with pioneer settlement and subsequent
development of the floodplains adjacent to Oregon’s
estuaries, particularly the larger ones, such as Coos,
Umpqua, Siuslaw, Yaquina, and Tillamook bays.
According to the National Wetlands Inventory of the U.S.
Fish and Wildlife Service, Oregon has lost 38 percent of
its valuable wetlands to development.  In the Coos Bay
estuary and Tillamook basin, however, that figure soars
to more than 85 percent.

Extensive diking, draining, and filling during the late
19th and early 20th centuries  eliminated thousands of acres
of Coos Bay’s valuable salt marshes.  Many marshes were
diked and drained for agricultural purposes.  In early
dredging operations, dredge spoils were dumped onto salt
marshes, because the marshes were nearby and convenient
and the spoils served as valuable fill material, allowing
the marsh areas to be claimed for other purposes, such as
residential, industrial, and municipal development.

In addition to destroying wildlife habitat and
removing important salt-marsh functions from the
estuarine system, such modifications increase the
potential for catastrophic flooding and exacerbate the
effects of smaller seasonal floods.  Furthermore, extensive
development on the filled marshes increases the
likelihood of flood damage to residential, business, and
industrial structures standing in these areas, including
much of downtown Coos Bay.

For various reasons, the amount of large woody
debris entering our coastal river systems has been greatly
diminished from historic levels.  Old-growth conifers are
the best source of this material, and most of them have
been harvested.  Clear cutting and stream cleaning have
also reduced the amount of available large wood.  Gone
with the fallen trees and driftwood are all their
hydrological and biological functions.

FLOOD-CONTROL PROJECTS
CAN BE SELF-DEFEATING

One clear benefit of structural flood-control projects,
such as levees and revetments, is the reduction of flood
risks to some houses, businesses, farms, roads, and bridges
in the floodplain during moderate flood events.  Moreover,
reduced flood risk can lead to economic development and
prosperity.  Such benefits, however, come with certain
drawbacks and some possibly unforseen hazards.

Flood-control structures are initially expensive and
require costly maintenance.  Building new levees, for
example, costs from $3 million to $6 million per mile.

Costs of repairing damaged levees and revetments after a
major flood can soar.

Levees can even contribute to the potential for flood
damage in several ways.  They  reduce floodwater storage
capacity by constricting the floodplain.  By increasing
streamflow velocity during high-water periods, they raise
the probability of bank erosion.  Levees are designed to
confine the stream channel, and in so doing they can
cause upstream backwater flooding, downstream erosion,
and sediment accumulation in the channel.  Perhaps
worst of all, construction of levees usually encourages
new development and major improvements to existing
structures in the floodplain.  Should the levees then prove
incapable of holding back catastrophic flooding, the
potential for danger and damage escalates.

By design, most flood-control structures are harmful
to wildlife.  Traditional construction of levees and
revetments with bare riprap faces reduces protective
vegetation in streams, which often provides forage and
refuge areas for juvenile and adult salmon, trout, and
other fish species.  Absence of vegetation also increases
water temperature and decreases biodiversity by reducing
or eliminating populations of insects and microorganisms
essential in the food web.  Because vegetation is more
efficient than bare rock in absorbing a stream’s energy,
lack of vegetation can lead to increased streamflow
velocity, as well as erosion and siltation of downstream
spawning beds, resulting in destruction of fish eggs.

Reduction or elimination of riparian vegetation
diminishes available food and habitat for many species
of birds and mammals.  It also decreases the amount of
organic litter and woody debris that enters the rivers and
reaches the estuaries, where such material is essential to
estuarine processes.

Construction of levees and revetments also cuts off
side channels and wetlands from the main channel.  These
vital areas  not only serve as important refuges for various
fish species during periods of high main-channel flow,
but they also function as rearing habitat and safe havens
from predators for juvenile fish, including salmonids.
What’s more, during periods of high flow, these off-
channel areas also store floodwaters and slowly release
them over time, thus acting like pressure-relief valves
when a river is in flood stage.
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COASTAL FLOODING HAS DIFFERENT
CAUSES AND EFFECTS

Anyone who has spent a winter and spring on the
Oregon coast knows that flooding is a frequent seasonal
occurrence on many coastal rivers and their tributaries.
Seasonal flooding is common in the lowlands and usually
has little or no widespread or long-term detrimental
effects.  All it takes to turn an ordinary seasonal flood
into a catastrophic event, however, is the right, or wrong,
set of circumstances.

As marine air moves onshore along the Oregon coast,
it rises and cools over the foothills and Coast Range,
promoting heavy rainfall over the high-elevation
streams—often as much as four to six inches in a single
day.  The steep-gradient coastal streams quickly move
floodwaters through the watersheds, causing them to
concentrate in the rivers’ lower reaches before discharging
into the Pacific Ocean.  Normally, concentration times
are short, keeping coastal streams in flood stage for less
than two days.  Severe storms of unusually long duration,
however, can raise streams above flood stage for three to
four days or more.

The most widespread and potentially dangerous
flooding of lowlands occurs when excessive stream
flooding coincides with adverse coastal conditions.  If
strong winds and storm surge combine with high spring
tides, extensive coastal flooding can result.  When extreme
river flows then meet high sea levels, floodwaters cannot
discharge into the ocean.  With nowhere to go, they back
up into the estuary and flood the low-lying areas.

Weather extremes also contribute to the potential for
catastrophic flooding.  During Oregon’s rainy season, for
example, series of back-to-back storms often saturate
lowland soils and fill wetlands, ponds, and depressions
throughout the floodplain with excess water.  With these
natural catch basins filled to capacity, if storms persist, or
if a particularly large storm system moves onshore, major
flooding usually results.  Cold spells that bring heavy
snowfall to the coastal mountains, followed by the fast
warming and heavy rainfall that accompany a subtropical
front moving ashore can also pose serious flood threats.

TILLAMOOK FLOODS HAVE
CAUSED WIDESPREAD DAMAGE

Five rivers with a long history of flooding feed the
Tillamook Bay estuary: the Tillamook, Trask, Wilson,
Kilchis, and Miami.  Tillamook County has experienced
major riverine flooding in 18 years since 1916, with
extensive coastal flooding in 1939, 1967, and 1976.
Severe storms of unusually long duration caused major
flooding in 1964, 1990, and 1996.

Most of Tillamook County’s rivers reach flood levels
at least once every rainy season, but some rivers flood
even more frequently.  The Wilson and Trask rivers, for
example, usually crest above flood stage more than once
a year.  Records show that from 1970 to 1996 the Wilson
River exceeded flood stage 43 times.

The most severe floods swept through Tillamook
County in February, 1996, when a series of natural events
combined to wreak havoc on people and property in the
overdeveloped floodplains.  Any one of these events may
have passed with little or no significant damage or threat
to human safety.  In combination, however, they created
the disaster known as The Great Tillamook Flood of 1996.

In January, heavy snowfall blanketed the county from
sea level to mountaintop.  Instead of slowly melting over
several days and gradually feeding the resulting runoff to
coastal streams, a hard freeze preserved the snowpack.
On February 3, a moderate storm brought rain to the
frozen landscape.  Then, on February 6, an unusually
strong subtropical jet stream carried a huge storm ashore,
with torrential rainfall that lasted for three to four days
throughout the county.  During the storm, the freezing
level rose to about 8,000 feet, and the Oregon Department
of Forestry reported 19 inches of rain on top of two feet
of snow already on the ground in the forest.  Between
February 4 and 9, record rainfall of nearly 30 inches in
some parts of the county and 14 inches in one 48-hour
period resulted in the heaviest runoff and flooding ever.

With all rivers raging, flooding pervaded the county,
and damage was extensive.  Buildings in Tillamook and
Nehalem were flooded.  Landslides closed many roads,
some for months, and floodwaters washed out others.  Log
jams at bridges caused backwater flooding and major
damage to one bridge.  High-velocity river flows caused
severe scouring at bridge foundations.  When water levels
began dropping, saturated river banks collapsed where there
were no opposing forces to hold them up.  Extensive bank
erosion filled all rivers with silt, mud, and debris.  Debris
raised the streambed level and restricted the flow of the
Nehalem River.  Receding floodwaters left miles of roads
covered with silt, mud, and debris to a depth of two feet.

Flood damage to flood-control structures, alone,
amounted to $1.1 million.  Total damage to residences,
businesses, agricultural operations, utilities, hatcheries,
fish ladders, infrastructure, forests, and other private and
public property exceeded $53 million.
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FLOOD PROTECTION HAS SHIFTED
TO LAND-USE MANAGEMENT

For much of the 20th century, America’s response
to catastrophic flooding was the erection of federally
designed and financed dams, levees, and other flood-
control structures.  By the end of the century, however, in
the face of continually rising flood losses and a growing
concern for environmental well-being, Americans’
approach shifted from structural flood control to land-
use management, from federal to local decision making.
The New York Times aptly described this new concept as
“changing the behavior of people instead of rivers.”

For decades, we have relied upon technological
solutions to problems caused by expanding human
population, dwindling natural resources, and technology
itself.  Some of our technological fixes, however, have
created more and worse problems than they have solved.
It’s now clear that trying to constrict and confine the flow
and course of a river and restrict it from its natural
floodplain might be the most costly and futile of
approaches to flood protection.  Conversely, recognizing
the values of naturally functioning floodplains and
restricting human use of these areas may lead us to the
most sensible and cost-effective solutions to flood control
and related problems.

In 1968, the United States Congress created the
National Flood Control Insurance Program in an effort
to provide nonstructural alternatives to flood protection.
The purpose of the program was to provide affordable
flood insurance to property owners in flood-prone areas
in return for community-level management and
restrictions on floodplain development.

Under the auspices of the Federal Emergency
Management Agency (FEMA), the federal flood program
established a floodplain divided into two zones: a
floodway and a flood fringe.  The floodway is the channel
of a river or other water course and the adjacent land
areas that must be reserved in order to discharge the base
flood without cumulatively increasing the water elevation
more than one foot.  The flood fringe is the area of the
floodplain lying outside the floodway but subject to

periodic or seasonal inundation from flooding.  The flood
program prohibits construction in the floodway but
allows development in the flood fringe, providing any
structure’s first floor is built one foot above the projected
100-year flood level.  Structures meeting such
requirements are eligible for federal flood insurance.

FEMA’S MINIMUM REQUIREMENTS
MIGHT PROVE INADEQUATE

Although the shift from structural flood control to
the restriction of development in floodplains is a step in
the right direction, critics have pointed out serious
shortcomings in the Federal Emergency Management
Agency’s floodplain management system.  Even FEMA
recommends that community planners exceed federal
minimum requirements when establishing standards for
floodplain projects.

Low-cost flood insurance is no panacea and can even
lead to increased flood hazards and costs.  For instance,
providing federally subsidized flood insurance to property
owners within the flood fringe encourages developers to
build in the floodplain.  Moreover, FEMA’s own
regulations may be inadequate to protect houses and
other structures from damage by catastrophic floods, thus
imposing additional and unforseen costs on property
owners and taxpayers.

The so-called 100-year flood may prove to be an
insufficient benchmark for floodplain planning, because
severe flooding appears to be reaching higher levels and
occurring with much greater frequency in some areas.
During the 1996 Tillamook County flood, even buildings
meeting FEMA requirements suffered extensive damage.
When floodwaters peaked in the north end of the city of
Tillamook, for example, a supermarket with its floor one
foot above the 100-year flood level had 20 inches of
standing water inside.

Global warming is causing sea levels to rise worldwide.
Also, El Niño events, which may be occurring with greater
frequency, raise sea levels temporarily but significantly
along the Oregon coast.  Higher sea levels exacerbate the
effects of both seasonal and catastrophic floods, increasing
the incidence and extent of lowland flooding.

Even the classification of areas within floodplains
according to their likelihood of flooding over time or in
any particular year is a source of confusion and may
inculcate a false sense of security in some floodplain
property owners, because it’s less a matter of prediction
than probability.  So-called 25-year floods, for example,
have a four-percent chance of occurring in any given year;
50-year and 100-year floods have two-percent and one-
percent flooding probability, respectively.  When the
Wilson River was determined to have reached a 167-year
flood level in 1996, that didn’t mean Tillamook County
residents could rest easy until the year 2163; it means there
is about a 0.6-percent probability that the Wilson will reach
that level this year, next year, or any year in the future.Highest point of flood water.
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WETLAND PRESERVATION
AND RESTORATION ARE ESSENTIAL

Over the years, in Oregon as elsewhere,
conservationists and developers have been at odds on
many issues, including the economic, functional, and
aesthetic values of wetlands.  Residential, industrial,
municipal, and agricultural developers have mainly
viewed wetlands as unproductive wastelands to be
drained, filled, and diked for economic exploitation,
while conservationists have seen them as crucial habitat
to be preserved for the benefit of innumerable species of
wildlife, some of which are threatened or endangered.
Now it seems this age-old point of contention might well
be a rallying issue for both sides.  It turns out that what’s
good for wildlife is also good for people and their
property.  Wetlands do a much better job of protecting
people and property from flood danger and damage than
any of the structures built for the purpose of flood control.
What’s more, wetlands don’t require expensive
maintenance and repair.

Even the U.S. Army Corps of Engineers, the agency
responsible for building most of America’s flood-control
structures, recognizes the value of wetlands and their
flood-control functions.  On the Charles River in
Massachusetts, for example, instead of building levees in
an attempt to stave off seasonal floods and protect people
and property in the Boston area, the Corps purchased
and preserved 8,400 acres of wetlands in the river’s
floodplains.  Preserving the wetlands has not only saved
taxpayers the initial cost of building miles of levees and
the later expenses of maintenance and repair, but the
Corps estimates that building the levees instead of relying
on the natural functions of the preserved wetlands would
have cost taxpayers an additional $17 million a year in
increased flood damage.

The ability of upstream wetlands to temporarily store
and gradually convey floodwaters is a crucial aspect of
the flow of fresh water to the estuary.  Where the
construction of dikes, levees, and other structures cuts
off side channels and wetland areas from the mainstem
river, the important natural functions of these areas are
impaired or lost altogether.  In effect, the structures built
to control floodwaters may, indeed, compound the
impacts of flooding by increasing downstream flow
velocities, flood peaks, and erosion—the most dangerous
and damaging aspects of any flood.

Clearly, any coastal Oregon community developing
a plan for floodplain management must make wetland
preservation and restoration key elements.  Not only must
coastal residents insist on the protection of all remaining
wetlands, but wherever possible should also identify any
previously converted wetlands that can be restored to their
original functions.   From the salt marshes bordering
Oregon’s estuaries to the freshwater wetlands scattered
along the floodplains, these natural areas are far too
valuable to squander.

THE HYDROLOGIC CYCLE

Solar engergy and gravity combine to keep the
waters of the earth in constant motion in a process
known as the hydrologic  cycle.  As water evaporates
from the oceans and other bodies and transpires from
trees and other plants, it enters the atmosphere as
vapor.  Every year, some 10,000,000,000,000,000
(that’s 10 quadrillion or 10 million billion) gallons
of water are transported in this manner.

As vapor rises, it cools and collects in clouds.  At
some point, moisture content and temperature
combine to cause condensation, resulting in a fallout
of precipitation in the form of rain or snow.

Back on the earth’s surface, depending on
atmospheric and local conditions, the precipitation
may remain in the snowpack for months, evaporate
immediately, soak into the ground, or become runoff.

Flooding is the final stage of the hydrologic cycle.
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SOURCES AND RESOURCES

In recent years, the focus and burden of floodplain management has shifted from the construction
of flood-control structures, mainly designed and financed by the federal government to protect people
and properties in flood-prone areas, to local land-use and water-use decisions and programs, aimed at
preserving natural floodplain functions.  At this grass-roots level, local communities, counties, property
owners, and interest groups must join forces and combine resources to provide input and make
intelligent decision on how valuable floodplain resources should be used and preserved.  To aid local
governments, authorities, businesses, industries, organizations, and individuals in the decision-making
process, the following sources can provide helpful resource information and advice.

National headquarters of such organizations as Ducks Unlimited, National Audobon Society,
and National Wildlife Federation can direct people to local chapters for information about nearby
wetlands and local wildlife issues.

Any community-based flood-hazard or floodplain management advisory committee should
include representatives of community and county government, the local port authority, Oregon
and county historical societies, and tribal councils, as well as business, industrial, agricultural, tourism,
recreational, and environmental interests.  Chambers of commerce and public libraries can offer
assistance in rounding up information on all potentially interested parties.

OTHER SOURCES

Ducks Unlimited, Inc: (901) 758-3825
National Audobon Society: (212) 979-3000
National Wildlife Federation: (202) 797-6800
The Nature Conservancy: (703) 841-5300

FEDERAL AGENCIES

Federal Emergency Management Agency:
(202) 646-4600

National Oceanic and Atmospheric Administration:
(202) 482-3384

South Slough National Estuarine Research Reserve:
(541) 888-5558

Tillamook Bay National Estuary Project:
(503) 322-2222

United States Army Corps of Engineers:
(202) 272-0001

United States Environmental Protection Agency:
(202) 260-2090

United States Fish and Wildlife Service:
(503) 231-6118

United States Forest Service:
(202) 205-0957

United States Geological Survey:
(703) 648-4000

STATE AGENCIES

Oregon Department of Agriculture:
(503) 986-4552

Oregon Department of Economic Development:
(503) 986-0123

Oregon Department of Environmental Quality:
(503) 229-6993

Oregon Department of Fish and Wildlife:
(503) 872-5272

Oregon Department of Forestry:
(503) 945-7422

Oregon Department of Land Conservation and
Development:

(503) 373-0050
Oregon Parks and Recreation Department:

(503) 378-6305
Oregon Water Resources Department:

(503) 378-8455
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GLOSSARY

brackish adj. slightly salt, as some estuarine water,
with salt content usually ranging from
0.5 to 1.7 percent.

detritus n. loose, finely divided rock or remains
of organic tissues.

flood fringe the area of the floodplain lying outside
the floodway but subject to inundation
by seasonal flooding.

floodplain n. the level lands adjacent to a river’s
channel and estuary.

floodway n. a river’s channel and adjacent
shoreline areas necessary for carrying
and discharging floodwaters.

riparian adj. of or pertaining to the bank of a river
or shoreline of a body of water.

salmonid n. any fish belonging to the family
Salmonidae, including the chars, graylings,
salmons, trouts, and whitefishes.

spring tide the large rise and fall of the tide
coinciding with the new or full moon.

storm surge an abnormal rise in sea level caused by
strong onshore winds, usually
associated with a severe storm.

watershed n. the drainage area of a river or other
stream.

RECOMMENDED READING

Edgerton, Lynne T.  The Rising Tide: Global Warming and
World Sea Levels. Washington, DC: Island Press, 1991.

Federal Emergency Floodplain Management Task Force.
Protecting Floodplain Resources: A Guidebook for
Communities. Washington, DC: Federal Emergency
Management Agency, 1996.
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and Restoration: The Status of the Science. Washington,
DC: Island Press, 1990.

Mitsch, William J. and James G. Gosselink. Wetlands, Second
Edition. New York: Van Nostrand Reinhold, 1993.

WEB SITES

National Estuarine Research Reserves:
http://wave.nos.noaa.gov/ocrm/nerr/welcome.html

South Slough National Estuarine Research Reserve:
http://www.southsloughestuary.com

Tillamook Bay National Estuary Project:
http://osu.orst.edu/dept/tbaynep/nephome.html

NOAA Web Sites: http://www.websites.noaa.gov

U.S. Environmental Protection Agency:
http://www.epa.gov

Federal Emergency Management Agency:
http://www.fema.gov

U.S. Army Corps of Engineers:
http://www.usace.army.mil

Floodplain Management:
http://www.floodplain.org

Office of Wetlands, Oceans, and Watersheds:
http://www.epa.gov/owow

Federal Web Locator:
http://www.law.vill.edu/fed-agency/febwebloc.html

Bioregional Information on North American
Rainforest Coast: http://www.inforain.org

Coastnet Links to Other Sites:
http://secchi.hmsc.orst.edu/coastnet/links.html

SOUTH SLOUGH NATIONAL ESTUARINE RESEARCH RESERVE
Division of State Lands

PO Box 5417, Charleston, OR 97420

Tillamook Bay National Estuary Project

Funding provided by the National
Oceanic & Atmospheric Administration.
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