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Planning for
Watershed Restoration
Jim Good
If you don’t know where you’re going, you’re likely to end up
somewhere else.
—Lawrence J. Peters

T

hroughout the United States, citizens are coming together
to help solve local natural resource problems. The catalysts for
voluntary citizen action on behalf of the environment are
varied:
■ In Oregon and elsewhere, the listing of fish or wildlife species
as threatened or endangered under the federal Endangered
Species Act has been a powerful impetus for local citizens to
organize and solve problems from the bottom up rather than
the top down.
■

Proliferation of trash along once-pristine shores has made
beach cleanup an annual event in many states, attracting
thousands of volunteers.

■

The closing of popular swimming and fishing areas has
motivated citizens to control pollution and monitor water
quality.

■

Rapid population growth, urbanization, and loss or
degradation of wetlands, streams, riparian vegetation, and
other fish and wildlife habitat have spurred citizen action.

■

Schools are using local environmental problems as
opportunities for students to learn about their roles as citizen
stewards of natural resources.
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See Section I, Chapters 3
and 4 for information
related to this chapter.

Section I
3 Meetings
4 Decisions

The U.S. Congress and the Oregon legislature, recognizing the
wisdom and effectiveness of a bottom-up approach to solving
environmental problems, have created a variety of incentive-based
programs that support local citizen groups with financial resources,
training, technical expertise, and other assistance. For example, the
Oregon Watershed Enhancement Board has provided millions of
dollars to local watershed councils for restoration and stream
enhancement projects. At the national level, the U.S. Environmental Protection Agency, through the National Estuary Program,
provides financial and technical assistance to communities near
28 of the nation’s most important and threatened estuaries,
including the Columbia River and Tillamook Bay. Local groups
involved in these programs identify priority problems and develop
and carry out strategies to address them.
Although voluntary groups form to solve a variety of
environmental problems, many of the most successful citizen-led
efforts have one thing in common—they approach problems from a
watershed perspective. Whether dealing with fish habitat restoration,
wetland or riparian protection or rehabilitation, or runoff pollution,
these groups view the watershed as their planning unit. This
approach has won strong support from government agencies
charged with maintaining the health of our nation’s ecosystems and
natural resources.

THE WATERSHED APPROACH
Albert Einstein once said, “The significant problems we face cannot
be solved at the same level of thinking we were at when we created
them.” This is especially true today with environmental problems.
There is a need for a new, more integrated way of thinking and
acting that looks at whole systems, not just isolated parts.
The watershed is emerging as one of these integrated frames of
reference in which environmental problems should be addressed.
Why? Because ridgelines divide the landscape into geographic units
within which many of our biggest environmental problems can be
addressed effectively. Water is the critical factor—it circulates
energy, chemical elements, soil, and pollutants through ecosystems.
Streams and rivers connect headwaters with estuaries, the land with
the water, surface water with groundwater, and forests, farmlands,
and cities with one another.
A watershed approach to environmental problem solving also
makes sense from economic, social, and political perspectives. Uses
of land and water upstream have impacts on people downstream,
affecting drinking water quality, flooding potential, fishing, and
other elements of quality of life.
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WHAT

IS A WATERSHED?

The term watershed describes an area of land that drains downslope to the lowest point
(Figure 1). The water moves through a network of drainage pathways, both underground
and on the surface. Generally, these pathways converge into streams and rivers, which
become progressively larger as the water moves downstream, eventually reaching an estuary
and the ocean. However, in some arid regions, the water drains to a central depression, such
as a lake or marsh, with no surface-water exit. Other terms used interchangeably with
watershed include drainage basin, river basin, or catchment basin.
Watersheds can be large or small. Every stream, tributary, or river has an associated
watershed, and small watersheds join to become larger watersheds. It is relatively easy to
delineate watershed boundaries using a topographic map that shows stream channels.
Watershed boundaries follow major ridgelines around channels and meet at the bottom,
where water flows out of the watershed, a point commonly referred to as the mouth of a
stream or river. Try locating your local watershed on a USGS 1:62,500 scale map, or several
maps if needed.
The connectivity of the stream system is the primary reason for doing aquatic assessments
at the watershed level. Connectivity refers to the physical connection between tributaries
and the river, between surface water and groundwater, and between wetlands and water.
Because water moves downstream, any activity that affects the water quality, quantity, or rate
of movement at one location can affect locations downstream. For this reason, everyone
living or working within a watershed needs to cooperate to ensure good watershed
conditions.

Figure 1.—The Little Nestucca River valley looking west toward the estuary and ocean. In
mountainous areas like this on the Oregon coast, watershed boundaries are easy to see.
(Photo: Jim Good)
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The watershed approach also is valuable because it brings
together people from different walks of life—loggers, miners,
farmers, ranchers, recreational users, business, industry, and urban
dwellers. Individuals from all of these groups must be involved;
inclusiveness is the first step toward consensus. Because political
boundaries are arbitrary and government agency missions narrow,
the watershed approach also fosters needed intergovernmental
cooperation.

PRINCIPLES FOR WATERSHED
ACTION PLANNING
Plans are nothing—planning is everything.

—Dwight D. Eisenhower
Another common feature of successful community-based efforts to
solve environmental problems is that they are based on sound
planning. Planning sometimes raises a red flag among citizens,
particularly in rural areas, conjuring up images of excessive
governmental regulation of land use, control of access to
traditionally used areas, and limits on hunting, fishing, and similar
activities. However, planning that incorporates the legitimate
concerns of property owners and traditional users of public lands
has and will continue to play an important role in addressing
environmental issues.
What do we mean by sound planning? First, sound planning
involves the people who are most affected—local property owners,
for example. It uses an open decision-making process and the best
available scientific information. Decisions are well documented so
that new people can easily become involved. Sound planning is
focused and incremental—it sets priorities and includes both shortterm and long-term goals and actions. Finally, although good
process is important, sound planning is action oriented and leads to
results.
Although every watershed, no matter how small, is unique, there
are many commonalities as well. We can learn valuable lessons by
looking over ridgetops to see how our neighbors are solving similar
problems—not just next door, but across the nation. Some of these
lessons were presented at a Watershed Innovators Workshop
sponsored by the Rivers Network. They are summarized below as a
set of principles for watershed conservation.
■ Use a mixture of top-down and bottom-up approaches. Top-down
approaches to watershed conservation do not work, but neither
does total reliance on bottom-up approaches. Partnerships are the
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key. State and federal agencies can provide incentives and
technical and financial support. Local watershed groups can
educate, plan, take action, monitor results, and apply lessons
learned to other projects.
■

Use consensus rather than adversarial approaches to decision making.
Recently, there has been a shift from contentious litigation to
consensus-building as an approach to environmental problem
solving. This is particularly important when you are trying to
voluntarily change the behavior of landowners and local decision
makers, based on principles of good land stewardship and ethics.
Consensus decision making promotes partnerships among
potential adversaries, including businesses, developers,
landowners, farmers, forest managers, environmentalists, and
others, because the emphasis is on balancing individual interests
with community and ecosystem sustainability.

■

Don’t expect a single cookie-cutter approach to work for all situations.
Watershed issues vary among different regions of the state and
between urban and rural areas. So do governmental situations
(for example, state and local land-use regulations or growth
management strategies). Watershed councils must recognize and
work with these differences as they design strategies and actions
for their watersheds.

■

Get all of the right people and interests involved. Include all
stakeholders in the process of developing and carrying out your
plan. Stakeholders include everyone who has a stake in the longterm management of the watershed. Be inclusive, get all parties
to the table, and recruit if necessary. It is wise to get key
stakeholders to attend the very first meeting if possible.

■

Be creative about who foots the bill. Be innovative about who pays
for watershed conservation and restoration. Develop partnerships
between the public and private sectors and with landowners.
Promote self reliance by relying less on tax-supported funding
and regulatory approaches and more on local, voluntary, and
in-kind contributions. Promote government incentives that will
foster partnerships and desirable voluntary action.

■

Use the best scientific information available to make informed decisions,
but don’t expect it to be perfect. Decisions always will be made with
some uncertainty, but the use of sound science will increase the
likelihood of success. Information does not have to be perfect to
be reliable.

■

Remember the need for watershed education. Most people have a
limited understanding of how the natural world functions and of
watersheds in particular. Engage the public in a sustained
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educational program about the watershed—how it functions, what
its value is, how human activities affect its health, and how
people can work for improvement at both the personal and
community level.
■

Nurture watershed brokers and leaders. All successful watershed
conservation efforts have an effective leader or group of leaders.
Sometimes called “fixers,” these individuals are adept at looking
at problems from a broad perspective, helping groups reach
decisions, seeing gaps in plans, and finding ways to solve
problems. Leadership is a key ingredient in success.

FEATURES OF A WATERSHED
RESTORATION AND ENHANCEMENT
ACTION PLAN
What does a good watershed action plan include? That depends on
your watershed and the unique set of issues you are addressing, the
people involved, and the available resources. Although watershed
assessments and plans differ in emphasis, most have some common
features:
■ A professional-quality watershed assessment—The assessment should
include an inventory and evaluation of the watershed’s aquatic and
terrestrial resources and how they have changed over time. A good
base map of the watershed is necessary to add information such as
the location of rivers and streams, lakes, wetlands, floodplains,
transportation networks, political and land ownership
boundaries, land use, and other data. Major point sources of
pollution—factories, sewage treatment plants, and other pipeline
discharges—should be identified. Polluted runoff or nonpoint sources
also need to be identified, including pollution from urban streets
and parking lots, lawns, timber-cutting areas, and farms. Finally,
based on these inventories and information from local residents,
the assessment should include a well-documented list of priority
issues—problems, opportunities, findings, and goals.
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■

A program to protect headwater areas and the very best areas of
undisturbed, natural habitat throughout the watershed—These areas
serve as refuges for rare, threatened, and endangered species and
generally have high levels of biological diversity.

■

A program designed to protect and restore streams, rivers, lakes, wetlands,
and native riparian vegetation—These areas serve as habitat for fish
and wildlife, filter out pollutants and sediment from runoff, and
function as temporary water storage areas during floods and high
water.

Chapter II-1

■

A program to clean up and prevent pollution—This program should
include actions to minimize accidental spills and pollution
discharge that could harm human and ecosystem health, as well
as actions to minimize runoff pollution. One example is to work
with communities, industry, and landowners to improve
retention and treatment of polluted runoff.

■

A program to provide for adequate stream flows for fish and wildlife—
Stream flow should correspond as closely as possible to the
natural level and timing of flows. Actions might include wetland
restoration projects to increase natural water storage capacity or
water conservation programs for industry and urban residents.

■

A program that addresses the threat of nonindigenous species introduction
and the need to control existing nuisance species

STEPS IN DEVELOPING
A WATERSHED RESTORATION AND
ENHANCEMENT ACTION PLAN
Although we cautioned against a cookie-cutter approach to
evaluating watershed health and developing an action plan, it is
useful to begin with a model process and adapt it to local conditions
and needs. The model outlined in the box on page 9 and explained
below draws from a variety of examples. The key to using this or
other models effectively is to adapt them to your existing situation,
plans, and activities. After reviewing the model, ask yourselves
which steps already have been done locally and which remain to be
done. The resulting list of tasks will be your watershed planning
process.
The model process is presented here as sequential steps,
suggesting that you finish one before moving to the next. This is
partly true—you must establish goals before taking on projects, for
example. However, in practice, each step feeds information into
future steps or to already completed work. For example, problems
and opportunities identified during the watershed assessment
(Step 1) immediately suggest goals (Step 2) and potential solutions
(Step 3), including specific projects. It is important not to lose these
ideas as the process evolves. One group put potential goals,
projects, and constraints into “bins” so that when they got to these
steps, they would be able to link the work already done to future
tasks.
Similarly, identification of constraints to restoration (Step 4)
might influence previously identified goals or objectives. For
example, it is clear that Interstate 5 will not be relocated to restore
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Even for a
relatively small
watershed, planning
is a significant
undertaking.
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the meandering of Willamette Valley streams. It also is important to
include in the planning process structured activities such as
research, educational field tours, workshops, surveys, and prioritysetting exercises. These structured activities draw in property
owners and other stakeholders and bring order to the planning
process.
The process outlined on page 9 sounds relatively simple…or
does it? Even for a relatively small watershed, planning is a
significant undertaking. It requires detective work to track down
useful information, an understanding of how the watershed
functions, sensitivity to existing land uses and private property
rights, inclusion of people who could be affected, and incorporation
of local knowledge and values.
A bottom-up, team approach is needed to pull together and
analyze information, to go neighbor to neighbor with proposals,
and to arrive at an acceptable vision for watershed protection and
restoration. Top-down help also is needed for locating and
interpreting information as well as for accessing financial resources.
This process might take 6 months, a year, or more. However, it
will be immediately clear that some projects are desirable, feasible,
and address real problems that everyone agrees need attention.
Start working on these projects as soon as possible. Early success in
implementing actions or projects is critical to building and maintaining
community support.
A good plan is important and will help you get financial support,
but we all know about plans that gather dust on a shelf. Your plan
should include ways to monitor progress and publicize success
stories and milestones. It also should include provisions for revising
goals to address new problems, opportunities, or constraints.
Each step in this process is discussed below, with emphasis on
the first—watershed assessment. The process outlined here draws
from a variety of sources, including the Oregon Watershed Assessment
Manual, developed by and available from the Oregon Watershed
Enhancement Board. (Download a copy of this and other
publications from their Web site
(http://www.oweb.state.or.us/publications/index.shtml).
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WATERSHED

ACTION PLANNING STEPS

Step 1. Assess the condition and health of watershed ecosystems and resources.
■ What were the historical extents, conditions, processes, and functions of watershed ecosystems
and resources?
■

What are the current extents, conditions, processes, and functions of watershed ecosystems and
resources? How have things changed over time?

■

What are the principal ecological problems and foreseeable threats to watershed health?

■

What areas within the watershed are most important to salmonids, and what factors are limiting
salmonid production?

Step 2. Set goals and priorities for watershed restoration, enhancement, and other issues.
■ What are the long- and short-term watershed goals and priorities for protection, restoration,
enhancement, management, research, monitoring, and public and decision-maker education?
When developing goals and priorities, consider current and historical conditions, present
ecological problems, and threats.
Step 3. Identify potential watershed projects and priorities.
■ Considering the results from steps 1 and 2, what actions or projects will do the most to
accomplish watershed goals? What actions or projects fit into short-term versus long-term
priorities?
■

What kinds of restoration and enhancement activities address factors that limit salmonid
production?

Step 4. Screen potential projects and actions for constraints and feasibility.
■ Which projects and actions are realistic, cost-effective, and achievable in the short and long
term? Consider possible constraints, such as land-use conflicts, property ownership, willingness
of landowners to participate, and public and private cost.
Step 5. Synthesize planning results, write an action plan, and begin work. Begin this
process early and let the written plan evolve.
■ What are the overall vision, goals, and priorities for watershed protection, restoration,
enhancement, management, research, monitoring, and public and decision-maker education?
■

Commit the plan to writing and illustrate it clearly with maps and drawings.

■

Begin implementation project by project.

■

Monitor progress and periodically reevaluate priorities. Remember that goals and constraints
might change over time.
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Step 1. Assess the condition and health of
watershed ecosystems and resources.
■

What were the historical extents, conditions, processes, and
functions of watershed ecosystems and resources?

■

What are the current extents, conditions, processes, and functions
of watershed ecosystems and resources? How have things
changed over time?

■

What are the principal ecological problems and foreseeable
threats to watershed health?

What areas within the watershed are most important to
salmonids, and what factors are limiting salmonid production?
Gathering good information is the first step in any planning
process. To evaluate your watershed’s health, you need a reference
point. Typically, the starting point is the condition of the watershed
before it underwent major physical alterations, such as dam
construction or widespread land clearing or diking. From there,
major changes can be tracked up to the present. The result is the
ecological history of your watershed.
Current conditions might seem the easiest part of the assessment.
There are maps of existing habitats, for example, plus detailed
aerial photos and at least some water-quality data.
However, you quickly will find there is little published
information that explains how your particular watershed works at a
system-wide scale. Thus, it is useful to tap into the knowledge of
local biologists, other professionals, and those who spend lots of
time on the land and water.
Even more challenging is trying to predict future risks and
threats. Present trends offer some clues, however. For many
watersheds, threats such as runoff pollution and aquatic nuisance
species need to be documented.
Each of the tasks that make up this step is discussed in more
detail below. Completing these tasks will leave you with an initial
list of potential projects and other actions to restore or enhance
your watershed.
■

Gathering good
information is the
first step in any
planning process. To
evaluate your
watershed’s health,
you need a
reference point.
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What were the historical extents, conditions, processes, and
functions of watershed ecosystems and resources?
Because ecosystems change constantly in response to both
natural and human influences, the first challenge for the ecosystem
historian is to select a time frame for beginning the assessment. This
decision should be made in light of the main purpose of researching
the watershed’s ecological history, namely to provide insight into
how the watershed functioned in a comparatively healthy, selfsustaining condition.
Chapter II-1

Long before Euro-American settlement, Native Americans
managed and changed the landscape in a variety of ways, clearing
land for agriculture, burning large areas for game management, and
harvesting wildlife. Euro-American settlement, however, resulted in
dramatic and long-lasting changes to the landscape—intensive
agricultural development, diking and draining of wetlands,
channelization of streams and rivers, improvements for navigation,
and harvesting of timbered riparian and upland areas.
Consequently, the baseline selected for historical ecosystem
analysis generally is as close as possible to the beginning of EuroAmerican settlement. During this period, landscape changes began
to be well documented, and these records still are available.
Some physical changes that have damaged or degraded the
watershed are reversible. Your task is to identify and describe
opportunities to rehabilitate the watershed in ways that are
consistent with present and projected economic uses and your goals
for improving watershed health and functioning. For example,
replacing an undersized road culvert that prevents or impedes fish
passage with a larger culvert or small bridge would benefit the
watershed without negatively affecting road use. Restoring riparian
vegetation along a stream, fencing out livestock, or removing dikes
that prevent tidal exchange are other examples.
Other changes to the watershed clearly are not reversible. It is
unlikely, for example, that jetties will be removed, navigation
channels filled in, or cities and ports relocated.
In any case, historical assessment is not undertaken as a basis for
turning back the clock to recreate past conditions. Even if it were
physically possible to recreate a pre-Euro-American settlement
ecosystem, which it is not, it would not necessarily be ecologically
desirable. Neither would it be realistic from the perspective of
present inhabitants.
Watershed groups can use a variety of resources to assess
historical conditions and compare them to present conditions.
Examples include:
■ National Wetlands Inventory (NWI) maps, which superimpose river,
stream, wetland, estuary, and lake habitats on USGS 1:24,000
scale quadrangle maps (Many human alterations, such as dikes
and drainage ditches, also are shown.)
■

County soil surveys and maps, which show hydric soil areas

■

U.S. Coast Survey charts dating back to the mid-1800s, which show
channels, bottom sediment types, marsh vegetation, forested
swamps, and changes such as jetties, fills, and other development
(Figure 2 is an example for Coos Bay on the southern Oregon
coast.)
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■

Original public lands survey records from the mid-1800s, which
include maps and descriptions of forested and grassy areas,
creeks, streams, and other landscape features

■

Oregon Natural Heritage Program’s Coastal Lowlands Ecoregion
Historical Conditions, which use original public lands survey data
to characterize vegetation along coastal rivers and their estuaries

■

U.S. Army Corps of Engineers navigation and snag removal records

■

Hydrologic and water-quality records from state and federal agencies

■

Fisheries statistics and records documenting fish runs and harvests

■

Historical ground photos and written accounts

■

Local diking and drainage district records

Figure 2.—Early Coast Survey navigation chart of Coos Bay (1901), showing channels, tidal flats, tidal marshes, and
estuary–upland boundaries. (Source: Archives of the historical map and chart collection, Office of Coast Survey, National
Ocean Service, National Oceanic and Atmospheric Administration)
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Other historical habitat evaluations that have been conducted for
the Columbia River estuary, Tillamook Bay, and Willamette
Valley
These data sources and how to acquire them are described in
more detail in Appendix A.
■

What are the current extents, conditions, processes, and
functions of watershed ecosystems and resources? How have
things changed over time?
A comparison of historical watershed conditions and current
conditions is one indicator of watershed health. For example,
changes in land use and cover can be used to estimate changes in
the timing and quantity of stream flow. Changes in stream channels,
wetlands, and riparian areas can be used to estimate a watershed’s
capacity to support salmon and other aquatic life. This information
can serve as a basis for watershed goal setting.
The extent to which remaining habitats are protected from future
alterations is another important, if speculative, consideration.
Generally, coastal habitats such as salt marshes and eelgrass beds
are well protected through zoning. Freshwater wetlands and
riparian areas, particularly in urban environments and in rural areas
used for farming, are less well protected.
Habitat information
Among the best sources of relatively recent habitat information
for rivers, streams, wetlands, and lakes are National Wetlands
Inventory (NWI) maps, available from the U.S. Fish and Wildlife
Service and the Oregon Division of State Lands (see the
“Resources” section at the end of this chapter). The Oregon
Department of Fish and Wildlife and other resource agencies can
provide information on important areas for salmonid production
and relevant limiting factors.
Recent physical alterations
Corps of Engineers regulatory records for permitted dredge, fill,
and in-water construction projects are a good source of data on
recent physical alterations, although these data sometimes are
difficult to access. The Oregon Division of State Lands, which runs
the state Removal/Fill Program, is another source of similar data.
Aquatic nuisance species
Some introduced species are welcome in Oregon—striped bass,
the Japanese oyster, and the softshell clam are examples. Others are
not. Invasive species such as purple loosestrife (Lythrum salicaria),
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reed canarygrass (Phalaris arundinacea), and bullfrogs (Rana
catesbeiana) are serious threats to watershed ecosystems in many
areas of the state, while the European green crab (Carcinus maenas)
and saltmarsh cordgrass (Spartina alterniflora) threaten coastal
estuaries.
As part of your watershed assessment, collect information about
aquatic and terrestrial nuisance species in your watershed—the
severity of infestations, potential sources of introductions, and
possible control strategies. Early detection of new nuisance species
populations sometimes allows successful control or eradication. A
variety of on-line resources is available on the World Wide Web;
begin your search on the Pacific Northwest’s Marine Invasive
Species Team site (http://seagrant.orst.edu/mist/links.html), which
has links to many other resources.
Nonpoint source or “runoff” pollution
Because excessive pollution can derail otherwise successful
restoration and enhancement efforts, it is important to identify
potential pollution sources. Gathering and making sense of
pollution data can be complicated. The Oregon Department of
Environmental Quality (DEQ) staff might be able to provide
technical assistance.
Pipeline-introduced or point source pollution is strictly regulated
by DEQ as part of the National Pollutant Discharge Elimination
System permit program. Information on these discharges can be
obtained from DEQ.
Information on broadly distributed runoff pollution—referred to
as nonpoint source pollution—that comes from farm, forest, rural, and
urban areas is much more difficult to obtain. DEQ does have waterquality measurements for many rivers, lakes, and estuaries, but
often the data have not been analyzed thoroughly.
In estuaries where shellfish are produced commercially, bacterial
contamination is monitored routinely by the Oregon Department of
Agriculture (ODA). In 1999, the National Oceanic and
Atmospheric Administration (NOAA) synthesized and published
data on nutrient and other pollution for 138 estuaries around the
United States—the National Estuarine Eutrophication Assessment: Effects
of Nutrient Enrichment in the Nation’s Estuaries. Of the 19 estuaries
where insufficient data were available to make an assessment,
10 were in Oregon, suggesting the need for additional monitoring
and research here.
Pollution problems in streams and rivers associated with farming
and ranching operations have been given special attention in recent
years. Responding to the federal Clean Water Act, the 1993 state
legislature passed the Agricultural Water Quality Management Act
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(Senate Bill 1010). The overall goal of SB 1010 is to reduce
agriculture’s contribution to water pollution in Oregon. This law
requires ODA to develop watershed-level plans to address
nonpoint source water-quality problems associated with farming
and ranching. Examples include soil erosion, nutrient loss from
fields, and degraded streamside areas. As of 2001, area plans had
been completed for most watersheds in the state. ODA also
developed a set of best management practices that individual producers
use voluntarily to address problems on their farm or ranch.
Watershed councils should work with ODA, local Soil and Water
Conservation Districts (SWCD), and local Extension Service agents
to incorporate Agricultural Water Quality Management Area Plan
findings and strategies into their watershed action plans. See the
ODA Web site for details (http://www.oda.state.or.us/
Natural_Resources/sb1010.htm).
Watershed councils also can find out whether and how
communities along streams and rivers capture, treat, and discharge
storm water and how they regulate and enforce sediment runoff
controls at construction sites. Link up with local citizen monitoring
efforts such as CoastNet, a program operated through high schools
and middle schools, or start a local monitoring program.
Controlling runoff pollution is a long-term proposition requiring
training, monitoring, evaluation, and problem solving. See related
chapters in this manual for more information on water quality
(Chapter III-8, “Water-quality Monitoring”), runoff pollution
(Chapter II-4, “Watershed Soils, Erosion, and Conservation”), and
actions to reduce pollution (Chapter III-6, “Managing Rural Homes
and Small Acreages to Protect Watersheds”).

It is very
important to make
problem
identification and
goal setting a
community-based
process.

What are the principal ecological problems and foreseeable
threats to watershed health?
As you examine historical and current watershed conditions,
ecological problems will be revealed—invasive pest species,
pollution sources and hot spots, restricted tidal circulation, habitat
degradation, and other conditions that diminish watershed
functions. Restoration and enhancement activities and projects
might help resolve these problems or at least make them less
severe.
It is very important to make problem identification and goal
setting a community-based process. You can use a combination of
techniques to collect local viewpoints and, at the same time, present
the watershed assessment information being compiled. Examples
include newspaper or mail surveys, educational programs at
meetings of local organizations, coffee klatsches, and door-to-door,
neighbor-to-neighbor discussions (Figure 3).
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Step 2. Set goals and priorities for
watershed restoration, enhancement,
and other issues.
What are the goals and priorities for restoration, enhancement,
protection, management, research, monitoring, and public and
decision-maker education? When developing goals and priorities,
consider current and historical conditions, ecological problems,
and threats.
As problems are identified in the community-based process
discussed above, begin developing goals for restoring and
enhancing watershed health. In meetings with local organizations
and the public, present findings of the watershed health assessment
(Step 1) and facilitate discussion to identify protection and
restoration opportunities.
Setting goals is relatively simple once there is consensus about
key problems and priorities. Simply turn problem statements from
negative to positive to create a goal. Before finalizing goals, present
them to the community and ask for feedback. Do the priorities
make sense? Is it clear what needs to be done first, second, and so
on? Are any serious constraints being overlooked? This process
takes time, but it is
worthwhile in terms of
building support and
understanding in the
community and
among property
owners.
After setting goals,
identify objectives—the
specific things that
need to be done to
reach each goal. See
the box on page 17 for
one approach.
■

Figure 3.—Watershed planning processes should be transparent. Public information
meetings are a good way to spread the word and collect ideas from local residents. (Photo:
Jim Good)
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IDENTIFYING

EXERCISE
OBJECTIVES FOR WATERSHED RESTORATION AND ENHANCEMENT
(SNOW CARD EXERCISE)

Assume that your group has identified a number of issues and set goals accordingly. For
example, based on your watershed assessment, goals might include reducing nutrient loading of
rivers and streams, improving rearing habitat for juvenile salmonids, and educating property
owners and the public about the value of aquatic ecosystems and the need for restoration. Using
these goals (or substituting those developed by your group), use the process below to identify
specific objectives related to each goal.
1. Give each participant three to five 3" x 5" cards. The number of cards per person depends on
the number of participants. You probably won’t want more than 100 cards.
2. Ask participants to write on each card a specific objective they would like to see the watershed
group achieve in the next 5 years. Remember, objectives can be thought of as measurable
accomplishments. They are broader than actions but more specific than goals.
3. Have the participants put a piece of masking tape on the back of each card and tape the cards to
a wall. The cards will cover the wall like snow; hence the name “snow card” exercise.
4. Have either the whole group or a subgroup put similar cards together in columns or categories.
This step is important, so don’t rush. Sometimes it’s helpful to write one or two words on a
larger card to name each category. Try to have no more than 10 categories. You might need a
catch-all or miscellaneous category.
5. Review the categories as a large group. Try to agree on which objectives belong together.
6. Divide the large group into small groups of three or four people. Give each small group one or
more categories of cards. Ask each group to write a one-sentence objective that covers the ideas
on the cards in each of their categories. Then they’ll write their objective or objectives on a flip
chart. This list represents the group’s objectives.
7. The large group then can validate or prioritize the objectives. This step can be done through
discussion and voting.

Step 3. Identify potential projects
and priorities.
■

Considering the results from Steps 1 and 2, what specific projects
will do the most to accomplish each watershed goal? What
actions or projects fit into short-term versus long-term priorities?

What kinds of restoration and enhancement activities address
factors that limit salmonid production?
The next step in developing a realistic watershed action plan is to
screen the protection, restoration, and enhancement opportunities
identified in Step 1 for their potential to help solve problems and
■
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achieve the goals identified in Step 2. This process
requires a careful, even tedious, examination of each
project as it relates to each goal (Figure 4).
It might be useful to create a large matrix of
opportunities (project sites) versus goals. Give each site a
rating of 1 to 5 (high to low) for its ability to meet each
goal. Then add up all of the ratings for each site to
establish site priorities. Some goals might need to be
weighted more heavily than others, depending on their
relative importance. This sort of process can be helpful
but needs to be supplemented by common sense. See
the box on page 19 for an alternative way to set
priorities.

Figure 4.—Small work groups using a variety of
resources such as National Wetland Inventory maps
are a good way to identify and rate potential
restoration and enhancement projects. (Photo: Jim
Good)

Step 4. Screen potential projects
and actions for constraints and
feasibility.

Which projects and actions are realistic, costeffective, and achievable in the short and long term?
Consider constraints such as land-use conflicts,
property ownership, willingness of landowners to
participate, and public and private cost.
One result of Step 3 is a list of priority projects based on the
match between identified restoration or enhancement opportunities
and your group’s goals. However, other constraints need to be
taken into account. Ask the following questions for each on-theground project or proposed action:
■ Are there potential land-use conflicts?
■

■

Who owns the property?

■

Is the property owner willing to sell, donate, or allow restoration
use of the property?

■

How do neighbors feel about the project?

■

How much will the project cost?

■

Will the project last long enough to provide the hoped-for
benefits?

Where will the money and labor come from to implement and
monitor the project?
Answers to some of these questions might eliminate some
actions, sites, or projects immediately. Project feasibility might
change over time; what is not feasible today might be feasible
5 years from now, for example, if land ownership changes or
funding becomes available.
■
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USING

SPECIFIED CRITERIA TO SET PRIORITIES AMONG PROPOSED
WATERSHED RESTORATION AND ENHANCEMENT ACTIONS

Few human endeavors have all of the resources needed to accomplish their goals. Watershed
groups are no exception. You will need to set priorities. For example, you might need to decide on
a few actions for implementation in the next year. Many approaches to priority setting rely on
comparing alternatives to a set of criteria and ranking them on how well they achieve each
criterion. Here are some examples of criteria you might use to decide what actions should have
priority:
■ Ability to achieve objectives—Choose alternatives that clearly contribute to the achievement of your
goals and objectives.
■

Ability to influence change—Make sure the alternative is within your group’s sphere of influence
and your ability to influence change. For example, a particular large landowner might not want
to cooperate with a watershed group in improving the riparian area along a certain stream
reach. The group might not be able to influence change along this stream at present, so it
probably would be better off putting its efforts into other stream reaches.

■

Delay between actions and results—Some alternatives lead to short-term changes, whereas others
take a long time to show results. Your group needs to know what level of delay is acceptable. For
example, planting conifers in a shrub-dominated riparian area will take a very long time (more
than 100 years) to improve salmon-rearing habitat by increasing the amount of large woody
debris in the stream. Although this might be the best long-term solution, you also might need to
choose other ways to improve habitat in the short term.

■

Cost versus benefits—Do the costs outweigh the benefits, or do the benefits outweigh the costs? It
can be difficult to put a monetary value on the benefits of a project, but the costs usually can be
calculated. One way to do a cost/benefit analysis is to compare the costs of alternative ways of
achieving a given benefit.

Educational value—Watershed groups need landowner cooperation, which can be improved
through education. Projects that have value as demonstrations can help achieve this objective.
You might want to give the most important criteria the heaviest weights. Then you can rank
alternatives by how well they achieve the criteria. Next, use budget information and other
constraints to decide how many of the ranked alternatives your group can achieve in a given
period of time.
■

Some projects might require working to get land-use or waterquality rules changed. In Coos Bay, Oregon, for example,
reservation of a diked wetland for use as future development
mitigation made it ineligible for nonregulatory restoration, even
though it was owned by the South Slough National Estuarine
Research Reserve. After much discussion, the county changed the
rule to allow habitat restoration for research purposes. Similar
constraints exist in other areas.
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Step 5: Synthesize planning results,
write an action plan, and begin work.
What are the overall vision, goals, and priorities for watershed
protection, restoration, enhancement, management, research,
monitoring, and public and decision-maker education?
Commit the plan to writing, including maps and drawings.
Begin its implementation project by project. Monitor progress and
periodically reevaluate priorities, recognizing that goals and
constraints might change over time.
Your action plan is a vision for improving your watershed’s
health and condition. Document your planning process and
decisions with maps and text.
■

IMPLEMENTING THE PLAN—
PROJECT BY PROJECT
Even if you’re on the right track, you’ll get run over unless you keep moving.
—Mark Twain

A watershed action plan based on this or a similar process will
result in a set of prioritized restoration projects designed to achieve
watershed goals. It likely will have the support of the community
and property owners.
The next step—carrying out and monitoring projects—is the
rewarding part. But it is not as simple as planting trees or installing
new culverts. Project by project, you must survey sites, set realistic
goals, make drawings of present and projected conditions, secure
funding and equipment, undertake construction, and begin
monitoring. All projects require the same general steps, although
specific needs will vary.
There is a growing body of knowledge about the best ways to
enhance aquatic habitats and ecological functions. From these
experiences, it is possible to derive a general process and principles
for carrying out watershed restoration or enhancement projects.
This process consists of four tasks:
■ Task 1. Planning and design
■

Task 2. Project construction

■

Task 3. Monitoring

Task 4. Reevaluating the project based on monitoring results
This approach to restoration projects often is called adaptive
management. It recognizes our limited ability to predict outcomes
and thus treats projects as experiments and learning opportunities.
■
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Task 1. Project planning and design
Planning and design considerations vary by project type. However,
all projects share some general aspects of project planning and
design. First, a thorough assessment of historical and current site
conditions is needed. Next, clear goals and objectives consistent
with site potential and the expected restoration trajectory must be
set. Finally, a monitoring plan is needed for estimating progress
toward goals and for identifying needed corrective actions.
Beyond these general considerations, each project will have
unique design considerations. Establishment of salt marsh
vegetation on a dredged material island, for example, requires
different design specifications than an eelgrass planting, culvert
replacement, or riparian zone revegetation project.
For detailed guidance on various types of restoration and
enhancement projects, refer to the Oregon Aquatic Habitat Restoration
and Enhancement Guide, developed by and available from the
Oregon Watershed Enhancement Board. (Download a copy of this
and other publications from their Web site at http://www.oweb.
state.or.us/publications/index.shtml) The guide consists of five
sections: “Overview of Restoration Activities,” “Activity
Guidelines,” “Overview of Agency Regulatory Functions and
Sources of Assistance,” “Grants and Assistance,” and “Monitoring
and Reporting.” The guide
provides standards that must
be met when using state funds
for aquatic habitat restoration.
The type of project used
here to illustrate design
considerations is a tidal marsh
restoration—a common
opportunity in Oregon’s
estuaries, given the extensive
wetland diking, draining, and
ditching that took place during
and after Euro-American
settlement (Figure 5). Many
factors listed here are purely
physical considerations,
reflecting the perspective that
if you restore appropriate
hydrology and landscape
conditions, the biology will
follow. But biological
Figure 5.—Three years after dike removal, brackish marsh vegetation is taking
considerations also are
over this former pasture in the Salmon River estuary, Lincoln County. (Photo:
important in planning.
Jim Good)
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On the basis of previous tidal marsh restoration experience in
Oregon and elsewhere, specialists recommend the following design
principles and planning considerations. They can serve as a
checklist for groups undertaking similar projects or can be modified
to apply to other watershed habitat restoration and enhancement
projects.
■ Watershed disturbances—Consider existing or potential upland and
upstream disturbances when designing restoration or
enhancement projects.

Consider
opportunities to
simultaneously plan
and construct [other]
projects to increase
effectiveness and
efficiency at the
watershed level.
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■

Links to other projects—Consider opportunities to simultaneously
plan and construct estuarine, upstream, riparian, and upland
enhancement projects to increase effectiveness and efficiency at
the watershed level.

■

Ecological history—Historical conditions at and surrounding the site
might or might not be a good predictor of site restoration
potential, given past alterations. However, understanding how
the site has been used and its likely condition prior to physical
alterations will help you set goals, design the project, and
understand limitations.

■

Prerestoration survey—A careful prerestoration survey of historical
channels and creeks, present drainage patterns and hydrology,
water quality, soil characteristics, and land elevations is important
for setting realistic restoration goals and developing a monitoring
program. Also survey nearby intact sites to serve as reference or
control sites.

■

Hydrology—Restoring prior hydrologic connections is critical to
successful restoration. If possible, completely remove dikes.
Open tidal creeks at their former locations and dredge them to
ensure adequate tidal exchange.

■

Vegetation—Vegetation reestablishment can be passive if there are
nearby “seed bank” marshes of the type expected to develop at
the restoration site. Planting is expensive and usually unnecessary
for tidal wetlands. If vegetation does need to be planted, use local
plants or seed stock and pay careful attention to site elevations,
slopes, wind, waves, tidal influence, salinity, and freshwater
input.

■

Buffers—Minimize boundaries with developed areas that will
disturb wildlife or interfere with desired functions or values.
Where such boundaries are unavoidable, plan for adequate
buffers between the restored area and adjacent development.

■

Size—Large restoration and enhancement projects are, in general,
preferred over small projects because of their potential for
greater habitat and functional diversity and complexity.
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■

Corridors—Consider the need for water and vegetation corridors
between separated habitat areas so wildlife and aquatic animals
can move safely from one area to another.

■

Energy regime—Carefully consider the site’s energy regime.
Particularly along bays and estuaries, exposure to excessive wind,
waves, and tidal currents is the most frequent reason for failed
vegetation development.

■

Manipulation—Minimize manipulation of the site. Work with the
site to take advantage of its natural configuration, drainage, and
other characteristics. Extensive manipulation is expensive and
prone to failure.

■

Sustainability—Plan for self-sustaining habitats, thus minimizing
maintenance costs.

■

Subsidence—Because diked, ditched, and drained wetlands might
subside a foot or more and continue to exhibit unnatural
drainage patterns after restoration, complete restoration to
historical conditions is not a realistic goal. However, restoration
to a well-functioning part of the watershed ecosystem is realistic.

■

Permits—You will need permits from the U.S. Army Corps of
Engineers, the Oregon Division of State Lands, and possibly
local agencies. (See OWEB’s A Guide to Oregon Permits Issued by
State and Federal Agencies in the “Resources” section.) Involve
agencies early. Specialists from these agencies, and from others
such as the Oregon Department of Fish and Wildlife,
nongovernmental organizations, and universities, can be helpful.

Task 2. Project construction
After you complete the site assessment, planning, design, and
funding, you can begin construction. The following considerations
are important:
■ Follow construction plans—Construction should follow the site plan.
Next to poor planning, construction that did not meet
specifications is the most common cause of failed restoration and
enhancement projects. Biologists and engineers who helped
design the project should be onsite during construction to ensure
plans are followed.
■

Salvage materials—Construction should be phased to allow
salvaging of vegetation and substrates of ecological value.

■

Timing—Time construction to accommodate tidal and other
hydrologic cycles as well as seasonal cycles of vegetation growth
and fish and wildlife activities.
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Task 3. Monitoring

Figure 6.—Monitoring is an essential
component of project implementation.
Monitoring provides the information
necessary to gauge success. (Photo:
Scott Duckett)
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Every project should be monitored (Figure 6). The importance of
monitoring restoration or enhancement sites cannot be
overemphasized. Monitoring lets you know whether you are
moving along the projected restoration trajectory and suggests
ways of correcting problems that inevitably arise. Monitoring also
can be used to set more realistic goals and improve the design of
future projects.
Monitoring has both short- and long-term considerations. In the
short term, monitor drainage pattern development, sedimentation,
erosion, fish and wildlife use, and vegetation establishment. In the
long term, monitor whether the restored habitat has become a
well-functioning, integral part of the watershed ecosystem.
Plans for postrestoration monitoring vary, depending on the
size, scope, and goals of the project; the purpose of monitoring;
and the training, skills, and time available. Design the monitoring
effort as part of the overall project design, considering what to
monitor, where sampling sites should be located, what sampling
intervals are needed in time and space, and how monitoring data
will be used. Because there always is uncertainty about outcomes
of projects, adopt a “learn-by-doing” mentality. This is the essence
of adaptive management. To adapt, however, you must have good
monitoring data that tell you what is working and what is not.
A basic monitoring effort, which can be carried out by trained
volunteers or watershed council members with engineering, mapmaking, and other skills, might include the following:
■ Photo documentation—Take photos from established locations
before, during, and after construction.
■

Construction assessment—Create plan views, cross-section maps,
and drawings to ensure that construction follows plans.

■

Physical site development—Use periodic photo documentation and
mapping to follow the evolution of creeks and other drainage
patterns, hydrologic connections, undesirable ponding, and, if
possible, sedimentation and changes in elevation (monthly at
first, quarterly later).

■

Vegetation—Map vegetation development and change, based on
field sampling or photo documentation. Field documentation
might include percent cover, species composition, or plant
community distribution. If relevant, compare the success of
planted areas with natural vegetation reestablishment.
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■

Water quality—Monitoring water quality requires specialized
equipment and training, but your group can work with local
schools or other groups involved in voluntary water-quality
monitoring programs. (See OWEB’s Oregon Water Quality
Monitoring Technical Guidebook in the “Resources” section.)

■

Aquatic life use—Describe initial colonization, succession, and use
of restored and created habitats by bottom-dwelling plants (for
example, eelgrass and algae) and animals (amphipods, worms,
clams, and fishes), land and aquatic mammals, and birds
(seasonal for at least a day from dawn to dusk). Sediment cores
and sieves, fish nets, traps, and visual inspection are useful
techniques. Although the resulting data might not be statistically
accurate, these methods can give a good overall view of changing
site use by aquatic organisms.

Recreation use—Evaluate the site for recreational use, including
levels of disturbance and effectiveness of established buffers.
The above monitoring guidelines are ideal but are unrealistic for
many projects because people, technical expertise, funds, or
equipment might not be available. The extent and frequency of
monitoring should be related to the level of investment in the
project, its importance, and the risk of failure.
In some cases, even more in-depth monitoring is desirable. In this
case, professionals and scientists probably already are involved.
In-depth monitoring, such as calculating sedimentation rates,
analyzing sediment salinity, measuring plant biomass, quantifying
the use of the site by endangered species, and evaluating food and
habitat preferences, generally is carried out by professionals and
scientists.
How long should monitoring continue? Research on watershed
restoration and enhancement during the past 20 years suggests that
determining “success” might require at least 10 years of
postrestoration monitoring. Sites take time to develop, and needed
corrective actions might not be apparent over shorter time periods.
Few watershed projects are monitored formally for this long.
However, productive partnerships with schools, hunting or fishing
groups, and others might allow longer term tracking of project
success.
Whatever the proposed level of monitoring, it is advisable to
secure technical assistance before initiating your project. Resource
specialists and scientists from agencies and universities can help
design a monitoring program and train local volunteers.
■
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Task 4. Reevaluating the project based
on monitoring results—adaptive
management
If monitoring shows that the project is not proceeding as planned,
modifications might be needed. Alternatively, you might need to
modify project goals to be more realistic and consistent with the
site’s potential to perform desired functions. Every project should
be viewed as an experiment requiring adaptive management
strategies.
What does adaptive management mean in this context? As noted
earlier, watershed restoration and enhancement projects are carried
out under great uncertainty regarding future conditions,
relationships among components and projects, user response to
projects, management objectives, and other variables beyond our
control. Nevertheless, we continue to take action despite this
uncertainty. If we hope to improve our restoration and
enhancement success, we must learn as we go. That is the essence
of adaptive management—learning as we go.
Often the most effective way to learn is to view the
projects we undertake as experiments. Then we can design
them and their monitoring plan to produce the
APTI VE
information needed to evaluate what worked and what did
D
A
not. This information reduces uncertainty, not just for the
Design
current project, but for future projects as well. As the
knowledge base broadens, we will get better at designing
projects that perform as desired in the face of continued
Evaluate
Construct
uncertainty and ever-changing conditions.
Project planning in the adaptive management mode is
not a linear process, but rather a cycle. Design,
Monitor
construction, monitoring, and evaluation interact and
MA
T
provide feedback and learning (Figure 7). Adaptive
NAGEMEN
management can be applied at a variety of scales and with
differing degrees of sophistication. What is most important
for watershed councils is to become familiar with the
Figure 7.—Adaptive management for restoration
concept and how to use it to improve restoration success in
and enhancement projects can be thought of as a
their watershed.
cyclic process with feedback loops among stages.

26 • Planning for Watershed Restoration

Chapter II-1

SUMMARY/SELF

REVIEW

A watershed is the land area that is drained by a river, stream, or creek. Other terms
used interchangeably with watershed include drainage basin, river basin, or catchment
basin. Watersheds provide a variety of valued goods and services—fish and wildlife
habitat; food production that supports the food chain; water-quality maintenance;
moderation of floodwaters; shoreline stabilization; and a variety of economic,
recreational, and educational benefits.
Successful planning involves:
■ Using a mixture of top-down and bottom-up approaches
■

Using consensus rather than adversarial approaches to decision making

■

Avoiding a “cookie-cutter” approach

■

Getting the right people involved

■

Being creative about who foots the bill

■

Using the best scientific information available

■

Including watershed education activities

■

Nurturing watershed leaders

Watershed planning to restore watershed ecosystem health involves five key steps:
1. Assessing historical conditions, current conditions, and present risks and threats
2. Setting and prioritizing restoration and enhancement goals
3. Identifying potential restoration, enhancement, management, or educational projects
4. Screening potential projects for constraints and feasibility
5. Synthesizing planning results, writing an action plan, and beginning work
The purpose of studying a watershed’s ecological history is to understand how the
watershed functioned in the past, how it has been changed, and how it might be
rehabilitated to better serve economic and ecological functions.
Experience with watershed restoration and enhancement projects suggests that
careful planning and design, clear goals, construction that follows plans exactly, followup monitoring, and adaptive management are keys to success.
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RESOURCES
State agency contacts and
resources
Oregon Department of Agriculture (ODA)
635 Capitol St. NE
Salem, OR 97310
Natural Resource Division
Phone: 503-986-4700
Fax: 503-986-4730
Web: http://www.oda.state.or.us
Oregon Department of Environmental
Quality (DEQ)
811 SW 6th Ave.
Portland, OR 97204
Phone: 503-229-5696
Toll-free in Oregon: 1-800-452-4011
Web: http://www.deq.state.or.us/
Water Quality Division: 503-229-5279
Air Quality Division: 503-229-5359
Waste Prevention and Management Division:
503-229-5913
Oregon Department of Fish & Wildlife (ODFW)
2501 SW First Ave.
PO Box 59
Portland, OR 97207
Web: http://www.dfw.state.or.us
Habitat issues (Habitat Division):
Phone: 503-872-5255
Fax: 503-872-5269
Fish sampling or transport (Fish Division):
Phone: 503-872-5252
Fax: 503-872 5632
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Oregon Department of Forestry (ODF)
2600 State St.
Salem, OR 97310
Web: http://www.odf.state.or.us
Scott Hayes, Forest Practices Operations Unit
Manager
Phone: 503-945-7475
Fax: 503-945-7490
You also may contact your local ODF office.
Oregon Department of Geology & Mineral
Industries (DOGAMI)
1536 Queen Ave. SE
Albany, OR 97321
Dawn Marshall, Administration Specialist
Phone: 541-967-2039, ext. 21
Fax: 541-967-2075
Web: http://sarvis.dogami.state.or.us
Oregon Department of Parks and Recreation
(OPRD)
1115 Commercial St. NE
Salem, OR 97310
Tammy Baumann, Policy and Planning Division
Phone: 503-378-4168, ext. 293
Fax: 503-378-6447
Web: http://www.prd.state.or.us
Oregon Department of Transportation (ODOT)
355 Capitol St. NE
Salem, OR 97310
Berri L. Sellers, Citizens’ Representative
Phone: 888-275-6368, 503-986-4366
Fax: 503-986-3432
Web: http://www.oregon.gov/ODOT/
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Oregon Department of Land Conservation and
Development (DLCD)
635 Capitol St. NE
Suite 150
Salem, OR 97310
Christine Valentine, Coastal Specialist
Phone: 503-373-0050, ext. 250
Fax: 503-378-5518
Web: http://www.lcd.state.or.us
Oregon Division of State Lands (DSL)
775 Summer Street NE, Suite 100
Salem, OR 97310
Phone: 503-378-3805
Fax: 503-378-4844
Web: (Removal-Fill Program): http://
statelands.dsl.state.or.us/r-fintro.htm
Oregon Economic and Community
Development Department (OECDD)
775 Summer St. NE
Salem, OR 97310
Rich Grant, Regulatory Specialist
Phone: 503-986-0159
Fax: 503-581-5115
Web: http://www.econ.state.or.us
Oregon Marine Board (OMB)
435 Commercial St. NE
PO Box 14145
Salem, OR 97309
Phone: 503-378-8587
Fax: 503-378-4597
Web: http://www.boatoregon.com

Oregon State Police (OSP)
255 Capitol St. NE
400 Public Service Bldg.
Salem, OR 97310
Dave Cleary, Lieutenant of Fisheries
Phone: 503-378-3720, ext. 4308
Fax: 503-363-5475
Web: http://www.osp.state.or.us
Oregon State University Extension Service
3180 Center St. NE, Room 1361
Salem, OR 97301
Derek Godwin, Watershed Management
Specialist
Phone: 503-566-2909, 800-718-2668
Fax: 503-585-4940
E-mail: Derek.Godwin@orst.edu
Web: http://extension.oregonstate.edu
Oregon Water Resources Department (OWRD)
158 12th St. NE
Salem, OR 97310
Ken Dowden, Water Right Information Staff
Phone: 503-378-8455, ext. 273
Fax: 503-378-6203
Web: http://www.wrd.state.or.us
Oregon Watershed Enhancement Board
(OWEB)
775 Summer St. NE, Suite 360
Salem, OR 97301-1290
Bonnie King, Executive Assistant
Phone: 503-986-0181
Fax: 503-986-0199
Web: http://www.oweb.state.or.us/

Oregon Office of Energy (OOE)
625 Marion St. NE, Suite 1
Salem, OR 97310
David Stewart-Smith, Secretary, Energy
Facility Siting Council
Phone: 503-378-4040, 800-221-8035
Fax: 503-373-7806
Web: http://www.energy.state.or.us
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Federal agency contacts
and resources
U.S. Army Corps of Engineers (ACOE)
Portland Office, Regulatory Program
PO Box 2946
Portland, OR 97208
333 SW First Ave., 8th floor
Portland, OR 97204
Phone: 503-808-4373
Fax: 503-808-4375
Web: http://www.nwp.usace.army.mil/
U.S. Bureau of Land Management (BLM)
PO Box 2965
Portland, OR 97208
1515 SW 5th Ave, 9th floor
Portland, OR 97201
Joseph Moreau, Fishery Biologist
Phone: 503-952-6418
Fax: 503-952-6021
Web: http://www.or.blm.gov
U.S. Environmental Protection Agency (EPA)
811 SW Sixth Ave., 3rd floor
Portland, OR 97204
Yvonne Vallette, Wetlands Coordinator
Phone: 503-326-2716
Fax: 503-326-3399
Web:
Region 10 Office:
http://www.epa.gov/region10
Office of Watersheds, Oceans, and Wetlands:
http://www.epa.gov/OWOW/
Watershed Information Network:
http://www.epa.gov/win/

Web:
Pacific Region Office: http://pacific.fws.gov
Division of Fish and Wildlife Management
Assistance and Habitat Restoration:
http://www.fws.gov/cep/cepcode.html
National Wetlands Inventory:
http://wetlands.fws.gov
U.S. Forest Service (USFS)
Pacific Northwest Region
PO Box 3623
Portland, OR 97208
333 SW First Avenue
Portland, OR 97204
U.S. Forest Service (USFS)
4077 Research Way, Corvallis, OR 97333
Scott Peets, Oregon Plan Liaison
Phone: 541-750-7181
Fax: 541-750-7234
E-mail: speets@fs.fed.us
Web: http://www.fs.fed.us
U.S. National Marine Fisheries Service (NMFS)
525 NE Oregon St., Suite 500
Portland, OR 97232
Mike Tehan, Oregon Branch Chief,
Habitat Conservation Division
Phone: 503-231-2224
Fax: 503-231-6893
Web:
Northwest Regional Office:
http://www.nwr.noaa.gov
Community-based Restoration Program:
http://www.nmfs.noaa.gov/habitat/
restoration/

U.S. Fish and Wildlife Service (USFWS)
2600 SE 98th Ave., Suite 100
Portland, OR 97266
Willa Nehlsen, Salmon Restoration Coordinator
Phone: 503-231-6179
Fax: 503-231-6195
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USDA Natural Resources Conservation Service
(NRCS)
101 SW Main, Suite 1300
Portland, OR 97204
Web: http://www.or.nrcs.usda.gov
Dave Dishman, Leader—Implementation
Phone: 503-414-3252
Fax: 503-414-3103
Roy Carlson, Leader—Technology
Phone: 503-414-3231

address issues that will benefit primarily the public.
SWCDs help people carry out voluntary
conservation actions on private land in a
watershed-based approach.
To get in touch with your local SWCD, contact
the Oregon Association of Conservation Districts
at 503-472-6307 or visit their Web site
(http://www.oacd.org).

Watershed councils

Oregon Watershed Enhancement Board

Watershed councils are locally organized,
voluntary, nonregulatory groups established to
improve the condition of watersheds in their
area. Councils are required to represent the
interests in the basin and be balanced in their
makeup. Councils offer local residents the
opportunity to independently evaluate
watershed conditions and identify opportunities
to restore or enhance conditions. Through the
councils, partnerships between residents, local,
state, and federal agency staff and other groups
can be developed. To get in touch with your
local watershed council, contact the Oregon
Watershed Enhancement Board at
503-986-0181 or visit their Web site (http://
www.4sos.org/group/gweb_wscs.htm).

A Strategy for Achieving Healthy Watersheds in Oregon
( January 2001)

Soil and water
conservation districts
Soil and water conservation districts
(SWCDs) identify natural resource problems
and offer assistance in resolving them. Guiding
this assistance are boards of local leaders who
know the people in their communities and are
familiar with local conservation needs. SWCDs
help private land users make appropriate and
responsible resource management decisions by
providing science-based technical assistance,
the support of stakeholders, and incentives to
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Publications

Oregon Watershed Assessment Manual ( July 1999)
Oregon Aquatic Habitat Restoration and Enhancement
Guide (May 1999)
Oregon Water Quality Monitoring Technical Guidebook
( July 1999)
A Guide to Oregon Permits Issued by State and Federal
Agencies (Spring 2000)
All of the above publications can be downloaded
from the OWEB Web site (http://www.oweb.
state.or.us/publications/index.shtml). Hard copies
can be ordered at cost from:
Publication Request
Oregon Watershed Enhancement Board
775 Summer Street NE, Suite 360
Salem, OR 97301-1290
503-986-0178

Other publications
Restoring Wetlands at a River Basin Scale: A Guide for
Washington’s Puget Sound: Operational Draft,
Publication No. 97-99 (Washington Department
of Ecology, Olympia, WA, 1997). Available on
the Web at
http://www.ecy.wa.gov/biblio/97099.html
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Putting Together a Watershed Management Plan: A
Guide for Watershed Partnerships (Conservation
Technology Information Center, West
Lafayette, IN, 1997). Available from CTIC,
1220 Potter Dr., Rm. 170, West Lafayette, IN
47906; phone: 317-494-9555; fax: 317-4945969.
Leadership in Watershed Management: The County
Role, by James E. Kundell (National
Association of Counties, Washington, DC,
1999). Available from NACO, 440 First St.,
Washington, DC 20001; phone: 202-3936226.

Web sites
USGS digital orthophotos and other products.
http://mapping.usgs.gov
Restore America’s Estuaries—working together to save
our coastal heritage.
http://www.estuaries.org/
The Nature Conservancy’s heritage sites.
http://www.natureserve.org/
Pacific Northwest’s Marine Invasive Species Team site.
http://seagrant.orst.edu/mist/links.html

Watershed Restoration: A Guide for Citizen
Involvement in California, NOAA Coastal
Ocean Program Decision Analysis Series
No. 8, by Keir (William M.) Associates
(NOAA Coastal Ocean Program Office, Silver
Spring, MD). Phone: 301-713-4044;
Web: http://ceres.ca.gov/watershed/
restoration.html
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MOVING FORWARD—THE NEXT STEPS
On your own, use the lines below to fill in steps, actions, thoughts, contacts, etc. you’ll take to
move yourself and your watershed group ahead in improving your understanding of watershed
planning.
1._______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________

2._______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________

3._______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
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APPENDIX A
SOURCES OF HISTORICAL INFORMATION ABOUT
WATERSHED ECOSYSTEMS AND RESOURCES
Aerial photos
USGS digital orthophotos and other products are available at http://www.mapping.usgs.gov. Blackand-white and color aerial photos of Oregon regions and watersheds are available from local
government and private sources.

National Wetlands Inventory
NWI maps and data are available from the U.S. Fish and Wildlife Service (http://wetlands.fws.gov/)
and the Oregon Division of State Lands (http://statelands.dsl.state.or.us/). NWI maps provide a wealth
of information, showing existing streams, rivers, lakes, freshwater wetlands, riparian wetlands, and
estuarine wetlands. Selected physical alterations, such as dikes preventing inundation of tidal wetlands,
also are shown. Some of these alterations have significant restoration potential.

County soil surveys
Soil survey maps and soil descriptions help delineate the extent of former wetlands and, in tidally
influenced areas, areas that might be subject to tidal inundation if dikes were removed or culverts
installed or enlarged. These surveys are available from local soil and water conservation district offices
or county Extension offices.

U.S. Coast Survey charts
Topographic surveys (T-sheets), hydrographic (bathymetric) surveys, and composite charts from the
19th and early 20th centuries are available for some coastal areas. (Figure 2 is a sample for Coos Bay,
OR.) These maps, along with interpretation aids in government publications, provide surprisingly
accurate geographic data showing pre-alteration conditions of tidal marshes, forested swamps, and flats,
as well as changes in channels and estuary volume caused by sedimentation.

Original Public Lands Survey records
In the 19th century, the General Land Office conducted a mile-by-mile public lands survey of much
of the western United States, including coastal lowlands surrounding estuaries and upstream areas.
These surveys used the familiar township-range system found on present USGS topographic maps. The
old survey records are available from the Bureau of Land Management on microfiche (see address
above). These records can be used to reconstruct habitats in and around estuaries and other areas. For
restoration site planning, site-specific maps and survey notes can be quite useful in evaluating historical
drainage patterns and vegetation.
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U.S. Army Corps of Engineers
navigation records
The Corps of Engineers has long been responsible for keeping estuaries and rivers navigable. They
have dredged, built water-control structures, and cleared snags from river and estuary channels since
the early 1800s. The Corps keeps excellent records, which have been used to help reconstruct former
estuarine and river conditions. These records generally are available from the district headquarters of
the Corps.

Hydrologic and water-quality records
A change in the amount or timing of freshwater inflow to estuaries changes the makeup of the
stream, river, and estuarine ecosystem, altering physical characteristics and plant and animal
communities. State water resource agencies and the U.S. Geological Survey are good sources of
hydrologic information, and most state water-quality agencies maintain good data on pollution of
waterways. Only recent records are available, but they are important complements to historical habitat
information from other sources.

Fisheries data and records
Compilations of fish catches and processing records are other useful sources of data. Data are
available from the National Marine Fisheries Service (formerly the Bureau of Commercial Fisheries),
state fish and wildlife agencies, and university libraries.

Historical ground photos, written accounts, local diking and
drainage district records
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Local records available from state and county historical societies are another good source of
information. Local diking districts, map collections at university libraries, and local old-timers are other
useful sources.

Chapter II-2
“Hydrology”
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Chapter II-3
“Stream Processes”

Watershed Hydrology
Paul W. Adams
and Derek C. Godwin

W

atersheds are like a patchwork quilt over the
landscape; they’re made up of many pieces that fit together to
make a whole. And because of their many connections, what
happens on one patch can affect other pieces far away.
As your watershed group starts thinking about what it can
do to effectively manage and restore portions of your
watershed, don’t bypass the important first step—
understanding how watersheds work. Especially important are
the watershed processes that affect how water, sediment, and
other materials behave in an ever-changing landscape.
A watershed provides a very useful setting for studying and
understanding these processes. But what is a watershed and
how is one identified? It’s an area of land that collects rain and
snow and discharges much of it to a stream, river, or other
body of water. The specific water body of concern is what
defines the watershed. If the Columbia River is this water
body, the watershed consists of about 255,000 square miles
covering parts of seven states and two Canadian provinces.
Big watersheds such as the Columbia River basin are made
up of lots of smaller watersheds. Some of these watersheds are
near ridgetops and feed small streams that flow only part of the year.
The ridgetop-to-riverbank perspective reminds us that almost any
resource management practice or land use has the potential to affect
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IN

THIS CHAPTER
YOU’LL LEARN:

■

How watersheds are
defined and identified

■

The general patterns of
water movement through a
landscape, known as the
hydrologic cycle

■

Impacts of impermeable
surfaces on stream flow

■

Land management effects
on stream flow

■

The nature of extreme
events
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See Section II, Chapter 4
and Section III, Chapter 4
for information related to
this chapter.

water resources downstream. Likewise, the unique natural features
(geology, soils, etc.) and processes of each watershed can influence
water resources directly, as well as how human activities affect
these resources.
Looking at both natural processes and human influences from a
watershed perspective is vital for dealing with concerns such as
declining fish stocks. Fish such as salmon and steelhead, for
example, can be affected by ocean conditions, urbanization,
agriculture, and forestry during their long, complex life cycle.
Many different areas, landowners, and practices need to be
involved to effectively manage such key resources. An
understanding of watershed processes can help focus everyone’s
efforts.

Section II

IDENTIFYING WATERSHEDS

4 Watershed Soils
Section III
4 Stream Ecology

In areas where bedrock is found within about 20 feet of the soil
surface, visible terrain can be fairly reliable for identifying
watershed boundaries. U.S. Geological Survey (USGS) topographic
maps identify the ridges and other high points that separate one
watershed from another. The map in Figure 1 shows the boundary
of a large watershed as well as those of some of the smaller
tributary basins that make up the larger watershed.
USGS topographic maps are available for most areas in
Oregon. You can get them from a variety of sources, including
outdoor and sporting goods suppliers, bookstores, and college and
university libraries. For mail orders, a catalog of USGS maps and
information is available from:
USGS Information Services
Box 25286, Federal Center
Denver, CO 80225
Phone: 1-800-USA-MAPS
A list of Oregon retail outlets for USGS maps also is available
on the Web (http://geography.usgs.gov/services.html#order_
maps).

THE HYDROLOGIC CYCLE
To understand how watersheds behave, both naturally and under
management, it’s essential to understand the general pattern of
water movement called the hydrologic cycle. Figures 2 and 3
highlight the key parts of the hydrologic cycle at different scales.
These parts are defined briefly below. Most are discussed in
greater detail later in this chapter.
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Figure 1.—Precipitation zone map showing watershed boundaries (dashed
lines).
Atmosphere
Precipitation
Precipitation
Evapotranspiration
E

Overland T
flow

I

Subsurface
flow

River

Evaporation
Ocean

Storage

Figure 2.—Forest hydrologic cycle. (Source: U.S.
Forest Service)
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Figure 3.—The hydrologic cycle. The transfer of water from
precipitation to surface water and groundwater, to storage and
runoff, and eventually back to the atmosphere is an ongoing cycle.
E=Evaporation; T=Transpiration, I=Interception.
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■

Precipitation: Water from the atmosphere that reaches plants, the
ground, or bodies of water. Depending on local weather
conditions, precipitation can be deposited in many forms,
including rain, snow, sleet, hail, and condensation (dew, frost,
etc.).

■

Interception: The action of plant surfaces catching precipitation
that otherwise would reach the ground. Depending on local
weather conditions and plant canopy characteristics, intercepted
precipitation might evaporate quickly, leaving less water to
reach the ground and contribute to stream flow.

■

Overland flow or surface runoff: Water from precipitation that
moves over the ground surface.

■

Subsurface and groundwater flow: Water that flows through the soil
and underground rock crevices.

■

Transpiration: The uptake of soil water by plants and its
evaporation to the atmosphere through leaves and other plant
surfaces.

■

Evapotranspiration: The loss of water to the atmosphere by the
combined effects of interception, transpiration, and direct
evaporation from ground surfaces and water bodies.

Precipitation
Precipitation is the single most important influence on the flows in
forest streams. The type and amount of precipitation in Oregon
varies widely by location, season, and year. In addition to rain and
snow, “fog drip” from trees or other plants can contribute
significant amounts of water to soils and streams in areas where
heavy fog is common.
Precipitation usually is measured with a device called a gauge
that has a funnel or other opening to collect water falling from the
open sky. As precipitation accumulates in the gauge, its depth is
measured in inches. Some mechanical or electronic gauges
monitor precipitation continuously. Others use simple containers
that are checked manually at regular intervals, such as every
24 hours or once a week.
Although snow depths often are reported in inches, for
hydrology it’s more important to know the amount of water that
will melt from the snow. The general rule that 1 foot of snow
contains 1 inch of water is a very rough average, and actual water
amounts can be much more or less. The effort it takes to shovel
snow by hand is good proof of how much snow’s water content
can vary!
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Newspapers and
television often refer
to “normal” or
“average”
precipitation levels.
These reports can
give the mistaken
impression that it is
unusual to see much
more or less
precipitation than
“normal.” Instead,
we should expect
precipitation to be
significantly above or
below normal every
few years. For
example, the longterm precipitation
average for Estacada,
Oregon is 60 inches.
Records show,
Figure 4.—Normal annual precipitation for Oregon.
however, that over a
10-year period we should expect at least 4 years with total annual
precipitation at least 8 inches above or below average.
Within a given region or even an individual watershed,
precipitation differences can be dramatic. One key factor is
elevation. Generally, as elevation increases, so do the amounts of
rain or snow. Another major influence is the local terrain as it
relates to the direction that storms typically travel. Because storms
in Oregon often move from west to east, more rain or snow usually
falls on west-facing slopes.
The office of the State Climatologist at Oregon State University
has published an annual precipitation map for Oregon (Figure 4).
Each line on the map intersects locations that are expected to have
the same annual precipitation. Each adjacent line represents a
5-inch increase or decrease in precipitation. The amount of
precipitation for locations falling between two lines can be
estimated as something between the amounts represented by the
surrounding lines. Note the areas of high precipitation in western,
central, and northeastern Oregon.
Oregon’s precipitation records and maps typically are based on
gauges located at low elevations near major communities. Although
useful for general purposes, these records and maps might not
provide a very accurate picture of precipitation in small, rural forest
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watersheds. With careful installation and monitoring, it’s possible to
collect local precipitation data to see how it compares with records
from nearby weather stations.

Vegetation, soils, and stream flows
Vegetation can have a strong effect on the amount of water
available for stream flow. First, when rain or snow falls on the
canopy of trees and other plants, some of this water is intercepted
and evaporates before reaching the soil. Evaporation is especially
likely when periods of light rain alternate with dry periods, as often
occurs in western Oregon.
Second, plant roots can take up water that reaches the soil before
it has a chance to move to the deeper soil layers that contribute to
stream flow. In this process, called transpiration, water moves from
the roots to other plant tissues and eventually to the leaves, where it
evaporates from small pores. The loss of water to the atmosphere
by the combined effects of canopy interception, transpiration, and
direct evaporation from soil surfaces and water bodies is called
evapotranspiration.
In eastern Oregon forests, evapotranspiration losses can equal
about 80 percent of the total annual precipitation. For example, in
an upland forested area where 30 inches of precipitation falls
annually, about 24 inches of that water returns to the atmosphere.
In western Oregon forests, evapotranspiration losses can equal
about one-quarter to one-half the total annual precipitation. For
example, in an upland forested area where 56 inches of
precipitation fall annually, about 20 inches of that water returns to
the atmosphere before it reaches deep soil layers or adds to stream
flow. Large amounts of deep storage are uncommon in upland
terrain in Oregon, so it’s reasonable to expect most of the
remaining 36 inches to contribute to stream flow.
The calculations below for a 320-acre forest watershed in western
Oregon (1 acre = 43,560 square feet) show the total and average
stream flows expected from 36 inches of water over a year.
3 ft (36 inches) x 13,939,200 sq ft (320 acres)
= 41,817,600 cu ft total annual flow
41,817,600 cu ft ÷ 365 days = 114,569 cu ft average daily flow
114,569 cu ft ÷ 86,400 seconds per day
= 1.33 cu ft per sec (cfs) average instant flow

Ground surface and soil characteristics also play an important
role in how precipitation affects stream flow. Surface conditions
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Return period (yr)

Discharge (liters/sec • ha)

Daily precipitation
(mm)

determine whether water moves into or over the ground. On most
forest soils, even the water from very heavy storms is absorbed.
However, where soils are exposed or compacted, or in lower areas
with saturated soils, precipitation water might move over the
ground as surface runoff that quickly adds to stream flow.
Soil depth and ability to store water also influence stream flow.
Moisture storage in soil layers near the surface can affect how much
precipitation water is lost by transpiration. Where soil water storage
is limited by bedrock within 5–10 feet of the surface, as in many
upland forest soils in western Oregon, precipitation water can move
fairly quickly to streams. As a result, stream flows respond to
individual storms in a “flashy” manner (rising and falling quickly).
The stream hydrograph (a graph of changing stream flow over time)
in Figure 5 shows this type of response.
As an example, Table 1 lists the soil types on the watershed that
supplies much of the municipal water for Corvallis as well as soil
characteristics that can affect water in this area. Note that most of
the soils in this area are well-drained and moderately deep, yet
during wet weather they can generate considerable runoff. Note
also that one soil (Witham) can be expected to have a shallow water

Figure 5.—Hydrograph showing daily precipitation and instantaneous stream flow for a forested
watershed in the Oregon Cascades, 1972 water year.
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table (a layer of saturated soil)
during the winter and early
spring. You can find similar
information on soils in your
area by checking your county
soil survey, which often is
available in local libraries or
from the USDA Natural
Resources Conservation
Service. See Chapter II-4,
“Watershed Soils, Erosion, and
Conservation,” for more
detailed descriptions of soil
types and processes.
Types of precipitation also
affect stream flow. Rainfalldominated watersheds typically
have their highest flows from
November to March. Those
dominated by snowfall typically
have their highest flows from
March to May, as the snow
pack melts and releases its
reservoir of water. Figure 6
shows how monthly stream
flows in a rain-dominated
watershed in western Oregon

Table 1.—Corvallis municipal watershed—Marys Peak area soil
hydrology information. (Source: Benton County Soil Survey)
Surface
permeability
(in/hr)

Depth to
bedrock
(in)

Depth to
water table
(in)

Runoff
potential

Abiqua

0.6–2.0

>40

>40

high

Apt

0.6–2.0

>60

>60

high

Blachly

0.6–2.0

>60

>60

high

Bohannon

2.0–6.0

20–40

>60

high

Honeygrove

0.6–2.0

>60

>60

high

Jory

0.6–2.0

>40

>60

high

Kilchis

2.0–6.0

12–20

>60

very high

Klickitat

0.6–2.0

40–50

>60

high

Marty

0.2–0.6

>60

>60

moderate

Mulkey

2.0–6.0

20–40

>60

high

Ritner-Price

0.6–2.0

30–60

>60

high

Slickrock

0.6–2.0

>40

>60

moderate

Witham

0.06

40

12–30

very high

Soil type

%

Eastern Washington
(snow)

30

%

Western Oregon
(rain)

20

20

10

10

0
O N

D J

F

M A M J

J

A S

0
O N

D J

F

M A M J

J

A S

Figure 6.—Monthly stream flow in a rain-dominated western Oregon watershed versus a snow-dominated eastern
Washington watershed.
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differ from those in a snow-dominated watershed in eastern
Washington.

Subsurface and groundwater flow
Movement of water in the atmosphere and on land is easy to
visualize, but the movement of groundwater is not. Underground
water moves through the pores of rocks and soil as well as through
the cracks and joints of rocks. These pores, cracks, and joints are
numerous near the surface and less abundant with increasing depth.
Variations in rock type and soil-forming processes (such as
weathering and earth movement) determine subsurface water
movement and storage. These variations can be seen at road-cuts
along mountain roads. Chapter II-4 provides more detail on soil
types and processes.
In general terms, water seeps down from a rain-soaked surface to
an impermeable or less permeable layer of rock. A layer of rock or
soil above this less permeable layer becomes saturated, hence it is
called the saturated zone. The top of the saturated zone is called the
water table.
An aquifer is rock or soil that contains and transmits water. A
confined aquifer is rock or soil surrounded by less permeable soil and
rock. Water can be transferred to and from confined aquifers
through the surrounding soil, but very slowly. Some confined
aquifers maintain water under pressure. This water then rises to the
surface as geysers or human-made artesian wells.
Surface water and
groundwater interact at many
places throughout the
landscape. Groundwater
moves from areas of recharge
to areas of discharge. In
recharge areas, water enters the
underground soil and rock
from the surface or a body of
water. In discharge areas, water
moves from the subsurface
zones to a water body, spring,
or well that pumps water to
the surface.
Figure 7 illustrates
groundwater movement from
recharge areas to discharge
areas. The arrows depict
Figure 7.—Groundwater flow paths vary greatly in length, depth, and travel time
from points of recharge to points of discharge in the groundwater system. (Source:
general paths of groundwater
Ground Water and Surface Water: A Single Resource, USGS, 1998)
Chapter II-2
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movement. You can see that
the amount of time it takes
for water to move from a
recharge area to a discharge
area varies greatly depending
on the type of rock. Figure 7
simplifies the subsurface
movement of water to
streams and subsurface water
reservoirs. In reality, water
movement through soils and
rock crevices is a complex
process that varies greatly at
different times and places.
The water table meets the
ground surface at springs,
stream channels, rills,
Figure 8.—(a) The water table meets the gound surface wherever there are surface
wetlands, and lakes (Figure 8).
water bodies such as springs, streams, wetlands, or lakes. (b) Water moves downNote that the water table is
hill in the direction of the water table’s steepest slope. (Source: Water, Rivers,
not flat because water moves
and Creeks, by L. Leopold, University Science Books, Sausalito, CA, 1997)
through pores, cracks, and
other tiny openings at different speeds. The arrows in Figure 8b
show that water moves downhill in the direction of the water table’s
steepest slope.
Streams interact with groundwater in three basic ways:
■ They gain water when groundwater flows in through the
streambed (Figure 9).
■

They lose water when groundwater flows out through the
streambed (Figure 10).

They do both, gaining in some reaches and losing in others.
Stream reaches generally gain water from
groundwater when the water table is higher in
elevation than the streambed. They lose water to
groundwater when the water table is lower in
elevation. The process of gaining cool
groundwater is important for salmon and trout
survival in streams with high water
temperatures.
Flow direction into or out of a stream can
vary greatly over a short distance. Storms and
temporary flood peaks moving down a stream
channel can cause stream flows to rise rapidly,
thus causing water to move into surrounding
Figure 9.—Gaining streams receive water from the groundwater system. (Source: Ground Water and Surface
soil, rock, and groundwater. This movement of
Water: A Single Resource, USGS, 1998)
water from streams and floodplains into
■
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unsaturated soils during a storm event
recharges the water table, reduces flood peaks,
and supplements stream flows after storm
events. Transpiration of groundwater by
streamside vegetation also can affect the
exchange of surface and groundwater.

HOW IMPERVIOUS
SURFACES AFFECT
STREAM FLOW

Figure 10.—Losing streams lose water to the groundwater
system. (Source: Ground Water and Surface Water: A
Single Resource, USGS, 1998)

Rainfall intensity (inches/hr)
Stream discharge (cfs)

Development of towns, cities, and suburbs
covers land with impermeable surfaces. When
water falls on these surfaces, the soil cannot
capture it and release it slowly to the groundwater. Instead, the
water runs overland or through drainage systems (downspouts,
sewers, and road gutters) to streams. Thus, peak stream flows might
arrive sooner, be higher, last for shorter periods of time, and occur
more frequently.
lag time
The effects of urbanization are
depicted in Figure 11, a hypothetical
hydrograph before and after
urbanization. Notice the change in lag
time—the time between the rainfall and
lag
the arrival of the runoff at a given point
time
in the stream. If lag time decreases, the
amount of flow must increase in order
to carry the same volume of water in a
Before
shorter time.
urbanization
A study conducted in Maryland
provides a real-life example of the
After
urbanization
effect of urbanization on flood peaks
and frequency (Table 2). The number
of houses within the 3.7-square-mile
Watts Branch watershed near
Washington, DC increased from 140 in
1950 to 2,060 in 1984. As the number
of houses increased, the number of
times stream flow exceeded 220 cubic
feet per second also increased.
Meanwhile, the number of times the
Time (hours)
stream overflowed its bank increased
Figure 11.—The effects of urbanization on lag time. (Source: Water,
from 2 times per year to 7 times per
Rivers, and Creeks, by L. Leopold, University Science Books,
year (Leopold, 1994).
Sausalito, CA, 1997)
Chapter II-2
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Table 2.—Urban development and stream flow in the Watts Branch watershed.
Period of
discharge records

Number of times
discharge exceeded
220 cfs*

Number of times
discharge exceeded
350 cfs

Year

Number of
houses

1950

140

1955

420

1965

780

1958–1967

21

10

1984

2060

1978–1987

73

32

*220 cubic feet per second is considered the bankfull discharge for Watts Branch. The bankfull discharge was determined to be a
1.5-year flow event.

Many urban restoration projects focus on building stormwater
detention ponds and re-establishing riparian areas and wetlands.
These projects aim to mimic historic conditions and improve the
watershed’s ability to capture water, store it, and release it slowly
over time.

EXTREME EVENTS
Extreme events are periods of very high or very low precipitation or
stream flow that might create problems for people, soil, and water.
The storms and floods of February and November 1996 were recent
and very vivid examples of extreme events. If you have some idea
of the size and likelihood of extreme events that can occur in a
watershed, you can take steps to prevent or reduce the problems
they might cause. For example, you could install a larger road
culvert in a stream crossing to prevent a washout or landslide.
One way to identify what might be expected in a given watershed
is to look at past precipitation or flow records. Where long-term
records are available, it’s possible to estimate such events as the
“50-year flow” or the “2-year, 1-hour peak rainfall.” The 50-year
flow is the stream flow level that, on average, is likely to occur about
once every 50 years. The 2-year, 1-hour peak rainfall is the
maximum total rain for a 1-hour period that is likely to fall once
every 2 years.
Another way to look at an extreme event is the probability or
likelihood that it will happen. In the case of a 25-year flow, there is a
1 in 25 (or 4 percent) chance that it will occur in any given year.
However, it’s important to know that for any given 25-year period, a
25-year event might occur once, several times (like the two 1996
storms), or not at all. This is because these return intervals are simply
averages. From year to year, large storms or droughts occur in a
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fairly random pattern, although some climate cycles (e.g., El Niño)
are becoming better understood and more predictable.
Table 3 shows the peak flow levels expected for several different
return intervals for Flynn Creek, a small stream that drains a
500-acre forested watershed in the Oregon Coast Range. The flows
are estimated from long-term stream flow records.
The stream flows in Table 3 are shown in their most common
measurement units, cubic feet per second or cfs. Note that flow
levels do not increase in direct proportion to the return interval.
That is, the 10-year peak flow is not twice as large as the 5-year
peak flow, and the 50-year peak flow is not five times as large as the
10-year peak flow.
Table 4 shows the estimated 1-hour peak precipitation amounts
for the Oregon Coast Range, based on historical records. By
comparing these figures with the local infiltration characteristics of
the soil (that is, the rate that a given volume of water can move into
the soil surface), we can determine whether rain that falls during
these heavy storms is likely to be absorbed by the soil or will
become surface runoff. This distinction can be important because
surface runoff can lead to erosion or add to peak stream flows.
Surface soil permeability represents how much water can be
absorbed by the soil in an hour. The values in Table 1, which are as
low as 0.06 inches per hour, show how it’s possible for peak rainfall
to be greater than the rate the mineral soil can absorb. However,
these values do not include the effect of the highly absorbent duff
layer (accumulated organic debris such as fallen leaves) that usually
is found on top of the mineral soil in forests. Thus, surface runoff is
rare on these lands unless significant areas of mineral soil are
exposed or compacted.
The height of the 100-year flood is not an exact number, and
several sources of error can influence the accuracy of the
calculation. One is the length of time records have been kept. The
shorter the record, the greater the error in calculating the height of
the 100-year flood. Many stream gauges in Oregon have been
recording data for only 30 years. Therefore, the 100-year flood
height has to be projected from data that might not have recorded a
100-year event. For a gauge record of 25 years, the confidence level
is 85 percent. In other words, the height of the 100-year flood could
be off by 15 percent.
Another source of error is changing watershed conditions. For
instance, as urban areas grow, the amount of land covered by
impermeable surfaces increases, leading to faster, higher, and more
frequent water runoff during rain events. Thus, storms that might
not have caused a flood in the past might overflow the stream’s
banks after urbanization.
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Table 3.—Flynn Creek peak
flows.
Return
interval
(years)

Stream flow
(cu ft per sec)

2

73

5

111

10

153

25

234

50

321

Table 4.—Peak precipitation,
Oregon Coast Range.

Return
interval
(years)

1-hour
maximum
precipitation
(in)

2

0.6

5

0.8

10

0.9

25

1.1

50

1.3
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SUMMARY/SELF

REVIEW

Watersheds are dynamic, and certain processes have particularly important
implications for both their characteristics and management. These key processes and
related concepts can help you better understand watershed features, behavior, and
response to management practices. They include:
■ Location is the most fundamental watershed characteristic and the first key to
understanding watershed features and behavior. Topographic maps provide a simple,
useful tool for locating watershed boundaries.
■

Hydrologic cycle components such as precipitation (i.e., type, amount, and
distribution) have a major influence on upland and stream characteristics. Soils and
vegetation play a key role in water storage, release, and evapotranspiration loss.
Published precipitation, soil, and stream flow data are helpful resources, but you might
need to collect local data to better understand your watershed.

■

Surface water and groundwater often are treated as separate entities, but in reality,
they are connected. The movement of water over and through the ground surface is
an important part of watershed and stream processes.

■

Most major watershed impacts—whether natural or management-related—occur during
times of extreme precipitation and stream flow. Understanding and planning for such
events are essential for effective watershed management and restoration.
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EXERCISES
Some exercises to help you better understand watershed features, behavior, and response to
management practices include:
■

Identify and outline a watershed on a topographic map.

■

Research the precipitation records and stream flows for gauges in or near the selected watershed.

■

Work with a hydrologist to analyze stream flow records for various peak flow events (e.g., 2, 10,
25, 50-year return intervals), wet and dry cycles, and changes in flooding due to urbanization.

■

Take a course to learn how stream flow and precipitation are measured.

■

Take a course to learn how groundwater wells are established and how they are monitored for
subsurface flows.
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RESOURCES
Training
Training specifically on watershed processes is
not widely available outside of formal university
classes, although basics sometimes are reviewed
as part of short courses and seminars offered by
various organizations. To learn about available
training opportunities, maintain good
communication with government agencies and
other groups. In addition, many textbooks and
other references are available if you’re interested
in self-instruction.

Information
Forestry and Water Quality, 2nd ed., by G.W. Brown
(OSU Book Stores, Inc., Corvallis, OR, 1985).
142 pp. ISBN 0-88246-007-2
Ground Water and Surface Water: A Single Resource,
U.S. Geological Survey Circular 1139, by
T.C. Winter et al. (Denver, CO, 1998). 79 pp.
ISBN 0-607-89339-7
Hydrology and the Management of Watersheds, by
K.N. Brooks et al. (Iowa State University Press,
Ames, 1991). 392 pp. ISBN 0-8138-0137-0
Principles of Forest Hydrology, by J.D. Hewlett
(University of Georgia Press, Athens, 1982).
183 pp. ISBN 0-8203-0608-8
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Stream Dynamics: An Overview for Land Managers,
USDA Forest Service General Technical
Report RM-72, by B.H. Heede (Rocky
Mountain Forest and Range Experiment
Station, Fort Collins, CO, 1992).
A View of the River, by L. Leopold (Harvard
University Press, Cambridge, MA, 1994).
298 pp.
Water in Environmental Planning, by T. Dunne and
L.B. Leopold (W.H. Freeman and Co., New
York, 1978). 818 pp. ISBN 0-7167-0079-4
Water Resource Measurements—A Handbook for
Hydrologists and Engineers, by B.P. Van Haveren
(American Water Works Association, Denver,
CO, 1986). 132 pp. ISBN 0-89867-345-3
Water, Rivers and Creeks, by L. Leopold (University
Science Books, Sausalito, CA, 1997). 185 pp.
ISBN 0-935702-98-9
Watershed Hydrology, 2nd ed., by P.E. Black (Ann
Arbor Press, Ann Arbor, MI, 1996). 425 pp.
ISBN 1-57504-027-1
Wildland Watershed Management, 2nd ed., by
D.R. Satterlund and P.W. Adams ( John Wiley
and Sons, Inc., New York, 1992). 436 pp.
ISBN 0-471-81154-8
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MOVING FORWARD—THE NEXT STEPS
On your own, use the lines below to fill in steps, actions, thoughts, contacts, etc. you’ll take to
move yourself and your watershed group ahead in improving your understanding of watershed
hydrology.
1._______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________

2._______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________

3._______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
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▼
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Chapter II-3
“Stream Processes”
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