CHAPTER 3

Managing Portland’s Watersheds
Overview
The City of Portland is committed to achieving and maintaining healthy urban watersheds,
as expressed through the four watershed health goals presented in Chapter 1.1 This does
not mean replicating historical conditions. The City defines a healthy urban watershed as
one where hydrologic, water quality and habitat conditions are suitable to protect human
health, maintain viable ecological functions and processes, and support self-sustaining
populations of native fish and wildlife species whose ranges include the Portland area.
This chapter describes how the scientific principles and restoration guidelines in Chapter 2
will be applied to achieve the watershed health goals in Chapter 1. The intent is to provide
a systematic, consistent way of making decisions about management of the City’s
watersheds, using principles of adaptive management.
This chapter of the Framework describes two major aspects of watershed management:
•

The general steps involved in developing watershed management plans and selecting,
implementing and monitoring actions taken to achieve watershed health goals

•

Other things the City will do to ensure that its actions are as consistent as possible with
the scientific principles and watershed health goals and objectives

Watershed Plans. The process of developing and implementing watershed management
plans is described in a stepwise manner. However, in actual application the process is
iterative and ongoing. It will involve repeatedly revisiting
certain steps and stages to refine assumptions, update
The process of developing
information and adjust the watershed management plans
accordingly. Thus the watershed management plans and the and implementing watershed
management plans is iterative
related documents that will result from this process should
and ongoing. It will involve
not necessarily be thought of as final and static; rather, they
repeatedly revisiting certain
will be revised as needed, in whole or in part, much the way
steps to refine assumptions,
pages in a loose-leaf binder are removed and replaced as
update information and adjust
needed.2
the watershed management
This chapter presents a structured and consistent approach to plans accordingly.
the development and implementation of watershed
management plans. However, it will not be possible to follow the process exactly as
presented for various reasons, such as the existence of data gaps and the need for flexibility
1 The City’s Natural Resources Team coordinates watershed management within the City; this involves the integrated efforts of
a wide variety of programs and bureaus.
2 This will necessitate careful tracking and documentation of information and decisions, using systems such as an
environmental management system (EMS). An EMS is a continual cycle of planning, implementing, reviewing and improving
the processes and actions that an organization undertakes to meet its environmental goals.
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to take advantage of funding opportunities. That said, the City intends to follow the process
as closely as possible, applying the scientific principles, restoration guidelines and analytical
tools as described. As steps of the process are revisited and new information is
incorporated, it will become easier to follow the process. Revisions to the watershed
management plans and related documents that are made over time will reflect increased
scientific understanding of watersheds and restoration techniques.
The City of Portland’s watershed management process, which leads to the development and
implementation of watershed management plans, has four stages:
•

Planning. At this first stage, watershed-specific goals are established. Key issues and
critical questions are identified—including those related to economic and social
concerns—and scopes of work are developed for the activities needed to create a work
plan for each watershed. During this stage, strategies are developed to ensure
stakeholder and public involvement, as well as interbureau coordination.

•

Characterization. At the second stage, historical, current and near-term future3
conditions of each watershed are assessed, documented and described. Problems4 that
may warrant potential actions—and their causes and sources—are identified and
prioritized. Similarly, watershed processes or features that are currently functioning
well and that may be key to sustaining important watershed functions (referred to as
watershed assets) are also identified and prioritized.

•

Solutions. In this stage, watershed-specific objectives are developed for protection,
restoration or enhancement of important watershed conditions identified during
characterization. Appropriate environmental indicators and targets, along with
benchmarks, are selected for measuring progress in achieving the objectives. Potential
actions are identified, evaluated and prioritized, and a preferred set of properly
sequenced actions is selected. Final selection of actions to be implemented is made
based on several decision-making factors, including consideration of other City goals.

•

Results. The selected actions are implemented, and their success is monitored and
evaluated. The actions may be adjusted as their effectiveness becomes clearer, as
understanding of watershed functions increases and as techniques for watershed
management, protection and restoration improve over time.

Figure 3-1 shows the individual steps within these four stages. The figure also shows at
what points integration occurs with other citywide goals and actions. The figure conveys
the continuous nature of the watershed management process: effective watershed
management involves ongoing adaptive management and feedback to ensure that
implemented actions have the desired outcome and that watershed goals are achieved. As
knowledge and insights are gained, the watershed-specific objectives, indicators, targets and
benchmarks may be modified.

3 Near-term future conditions are those that are certain to occur over the next several years.
4 “Problems” refer to watershed conditions or features that are contributing to impairment of watershed and river health.
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FIGURE 3-1

Stages and Steps in the Watershed Management Process
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Beyond Watershed Plans. Not all decisions leading to actions to protect or improve
watershed health will emerge from the watershed management plans that are developed.
For example, new projects will be proposed as a result of other City efforts, such as road
building and urban renewal. However, the scientific principles, watershed steps and
analytical tools described in this Framework can be applied to virtually any project to reduce
its potentially negative impacts on watershed conditions, or even to improve watershed
conditions.
In addition, some new City of Portland plans and documents, such as total maximum daily
load (TMDL) implementation plans, will emerge and will reflect decisions made during the
watershed management process. It is likely that other, existing plans, such as urban renewal
and transportation plans, will be modified to be aligned with these decisions.
Lastly, day-to-day City operations will inevitably be influenced by the watershed
management approach. The City already is striving to alter its practices to be more
environmentally responsible. Over time, the watershed concepts and principles in this
Framework will also be integrated into the everyday activities of City government.

Scope. The City of Portland is applying the scientific principles and watershed
management steps in each of the following watersheds5 within the City’s jurisdiction6:
•
•
•
•
•

Lower Willamette River7
Columbia Slough
Johnson Creek
Tryon Creek
Fanno Creek

The City also will apply those principles in parts of the Columbia River that are within its
jurisdiction.
Most of the watersheds in the Portland area cross jurisdictional boundaries. Therefore,
throughout all stages of the watershed management process, it is important to understand
the regional context of Portland’s watersheds and the activities of other entities. This will be
accomplished through ongoing coordination with these other entities on watershed
management goals and objectives, data collection and analysis, and planning and
implementation of actions aimed at watershed protection and enhancement. Regional
coordination activities are addressed in more detail in Appendix D.
The Willamette and Columbia River basins extend far beyond Portland. The City’s practical
focus on these large rivers and their watersheds will be those parts that are within the City’s
jurisdiction. However, watershed management will incorporate a basinwide understanding
of the condition of natural resources, to more fully develop the needed context for assessing
conditions and potential actions for natural resources at a local level.
5 Although each of these is referred to as a “watershed,” they can also be thought of as subwatersheds within the larger lower
Willamette River watershed.
6 The Bull Run watershed, which supplies water for the City of Portland, is not included because it is part of a separate but
similar planning process being conducted by the City’s Water Bureau.
7 The City’s jurisdiction in the Willamette watershed includes (1) the mainstem river from approximately the Sellwood Bridge to
the confluence with the Columbia River, and (2) several subwatersheds that drain to the river within Portland (such as central
eastside areas and Balch Creek and other Forest Park tributaries in the West Hills).

3-4

DECEMBER 2005

MANAGING WATERSHEDS

MANAGING PORTLAND’S WATERSHEDS

Developing and Implementing Watershed Management Plans
The following steps are being applied citywide, and within each of the City’s individual
watersheds, in order to develop and implement watershed
management plans aimed at achieving the citywide watershed
Watershed management
health goals.

Planning: Identifying Goals, Issues and Coordination
Strategies
The planning phase sets the stage for all other steps in the
watershed process. During this phase, watershed-specific goals
are developed, key issues and coordination strategies are
identified and a stakeholder involvement strategy is developed.
This clarifies the basic scope of the watershed management
process for the stages and steps that follow.

plans and sets of actions will
be developed, tailored to the
specific characteristics and
issues in each watershed or
subwatershed. Problems
common to multiple
watersheds may lead to
citywide solutions.

Step 1: Identify Watershed-Specific Goals, Key Issues and Critical Questions
Watershed-Specific Goals. Step 1 involves establishing watershed-specific goals for each of
the watersheds. These will be the same as the four broad, citywide goals proposed in
Chapter 1 relating to hydrology, physical habitat, water quality and biological communities.
However, additional watershed-specific goals may be developed to address other existing
City and regional goals, plans and policies that relate to watershed management, such as
public health and safety and public participation.

Key Issues and Critical Questions. Once the watershed-specific goals are defined, key issues
and critical questions will be identified to provide guidance and focus during the
characterization phase (Steps 3 and 4). Many key issues and critical questions to be
addressed in watershed management will fall into the same environmental categories used
to set the watershed-specific goals—that is, hydrology, physical habitat, water quality and
biological communities. For example, regarding hydrology, critical questions could include
the following:
•
•
•
•
•

What factors alter stream flow and volume?
Is flooding a problem? Where does flooding occur, and what is its frequency?
What influence does upland management have on stream and stormwater conveyance?
What critical flow conditions occur that affect channel conditions and physical habitat?
What types of solutions are available to restore more normative hydrology?

Critical questions related to water quality could include the following:
•
•
•
•
•

What are the major pollutants and their sources?
What stream reaches have high water quality, and what reaches are degraded?
What effects do stormwater outfalls have on water quality, and where do they occur?
What impact do unsewered areas have on water quality, and where do they occur?
What are the moderating effects of groundwater discharge on stream temperatures?
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With regard to habitat and biological communities, critical questions could include the
following:
•
•
•
•

What are the key ecological functions and habitat attributes in the watershed?
What are the key species in the watershed? What are their life stages, and when and
where do they use habitats in the watershed?
What habitat features or conditions are currently limiting biological communities in the
watershed?
What invasive or nonnative plant and animal species are in the watershed, and what is
their status? (For example, are they spreading rapidly? Are
Issues and questions related
they under control? Are they threatening specific native
to economic and social
species of concern?)

These are just a few examples. The list of key issues and critical
questions used to guide characterization will also include
questions and issues regarding economic and social factors, public
health and safety, public involvement, monitoring, and
coordination and consistency with City policies, regulations and
other plans. All of these can be related to watershed health.

factors, public health and
safety, public involvement
and coordination with City
policies also are identified in
Step 1.

Step 2: Develop Stakeholder, Public Involvement and Interbureau Communication and
Coordination Strategies
Step 2 involves the following:
•

Developing a public involvement strategy that outlines communication and consensusbuilding activities with stakeholders and the public

•

Determining the roles and responsibilities of City of Portland staff and teams

•

Identifying how the City will participate in watershed-related efforts in other
jurisdictions and involve others entities in the City’s processes, when appropriate

•

Developing work plans

Stakeholder and Public Involvement. Involvement of stakeholders and the public is critical
during all stages and steps of the watershed management process. Because the watershed
management process described in this Framework is ongoing, and
because success relies in part on public understanding of what the Because success relies in
part on public understanding
City is trying to achieve and how it intends to achieve it,
and support, a public involvedeveloping a clear communication and public involvement
ment and communication
strategy is one of the most important aspects of watershed
strategy is one of the most
management. An effective public process will provide opporimportant aspects of
tunities for people to learn, engage, give their input on economic
watershed management.
and social factors that affect watershed health, and help shape
decisions both in individual watersheds and across watersheds.
The process should offer diverse options for participation, from general information open
houses to targeted interactions with key individuals and organizations.
For the purposes of this Framework, stakeholders and the public are defined broadly and
include local and regional businesses, neighborhood groups, environmental and other
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organizations, other jurisdictions, governmental agencies, key stakeholders and citizens
who may not be affiliated with any organized or readily identifiable group.

Identifying Roles and Responsibilities. One of the key aspects of the Framework’s watershed
management process is that it integrates the efforts of multiple City bureaus and programs
to achieve watershed health goals. Responsibility for developing watershed management
plans currently resides primarily in the Bureau of Environmental Services but also involves
other programs within the bureau, such as the Science, Fish and Wildlife Division’s
Endangered Species Act (ESA) Program and Engineering Services, as well as other City
bureaus, such as the Planning Bureau. Roles and responsibilities for implementation and
monitoring will be determined after the selection of actions and may fall to a variety of
bureaus, such as Transportation, Parks and Development Services.

Working with Other Jurisdictions. Another aspect of watershed management is to identify
how the City will participate in similar watershed-related efforts in other jurisdictions and
involve other entities in the City’s processes, when appropriate. For example, the Johnson
Creek watershed spans six different incorporated jurisdictions, and it is important that all of
them work together.
Developing Work Plans. Developing detailed work plans is a means of organizing and
tracking activities, responsibilities, procedures and resources related to the work to be done
in each watershed.8

Characterization: Determining Watershed Conditions
Steps 3 and 4 involve determining the following:
•

Historical, reference9 and current (baseline) conditions of watershed health attributes
and trends and near-term future conditions10

•

Landscape and human influences affecting those attributes

•

Currently existing watershed problems and assets

•

Sources or causes of watershed problems and assets

Step 3: Determine Watershed Conditions

A watershed characterization
is a “snapshot” of historical
and current (baseline) conditions and anticipated trends
in those conditions.

In Step 3, current (baseline) and historical conditions in the watershed are determined, along
with anticipated near-term trends in those conditions. Problems that may warrant potential
actions—and the causes or sources of those problems—are identified. Similarly, areas
where existing conditions provide good, healthy habitat or other important ecological
functions (that is, watershed assets) also are identified. These areas may provide
opportunities for future actions aimed at protecting and maintaining watershed assets,
consistent with Restoration Guideline 3.1. In this step, watershed conditions may be
8 The City of Portland’s Natural Resources Team is responsible for coordinating the development of watershed management
plans. For each watershed, an interbureau technical team will lead the development and management of the scope of work for
that watershed.
9 The concept of reference conditions is discussed in more detail later in this chapter.
10 For this characterization step, near-term future conditions are those that are certain to occur in the near term (over the next
several years) because they are associated with watershed improvement projects that are under way (such as approved
highway redevelopment projects, combined sewer overflow projects, etc.).
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determined at various scales, from the watershed to the subwatershed and even the reach
scale. Products that will result from this stage will include a characterization report for each
watershed.

Watershed Health Attributes and Factors That Influence Them. Because ecosystems are
complex, it is unlikely that every process and component of the system can be
comprehensively described (or characterized). A list of watershed health attributes
provides the basis for watershed characterization. Various sources of information,
including new or existing data or modeling, are used to evaluate and develop a “profile” of
conditions.
Although it is important to describe various watershed health attributes, it is also important
to understand and describe the landscape factors and the human activities that influence the
watershed health attributes. The set of general watershed health attributes being used by
the City of Portland and some of the landscape factors and human activities that influence
them are listed in Table 3-1 and discussed in detail in Appendix G.
There is already substantial information about environmental conditions within the City of
Portland’s watersheds. However, where key information is lacking, the City will take steps
to fill data gaps. In some cases modeling may be used, with the understanding that models
have limitations and that their output is more reliable the more empirical data they use.

Compilation and Review of Existing Data. During Step 3, available information about current
and historical watershed conditions will be compiled from previous studies, databases and
inventories. Relevant information to be compiled could include rainfall data, data on flow
and water quality, stream survey results, output from hydrologic and water quality models,
construction plans of existing facilities, aerial photos, remotely sensed images, topographic
maps and geographic information system (GIS) information on land use and land
development. In addition, relevant scientific literature will be reviewed to identify the best
available science regarding watershed conditions and their effects on watershed processes,
functions and resources, particularly in urban and urbanizing areas. Available data
describing the watershed health attributes, landscape factors and human influences listed in
Table 3-1 will be gathered and evaluated.
Data gathering helps determine watershed problems and assets;
data gathering also is a way to assess the adequacy and utility of
existing data and identify key data gaps relative to the
environmental attributes and key issues. This will help identify
any additional field investigations or analyses that are needed to
finalize the watershed characterization. Assumptions and gaps
will be acknowledged and data limitations documented.

The watershed characterizations will use existing
information about environmental conditions and
identify data gaps.

During the characterization stage, it is useful to gather information on topics that will
become relevant in subsequent steps. This includes information on such topics as social and
economic conditions, historical development and regulatory and institutional arrangements.
This information enhances understanding of the watershed as a whole and the broad range
of factors that affect watershed health. It also can help in identifying and implementing
solutions to watershed-related problems. For example, if education and information are key
to addressing a problem in a watershed or subwatershed, and many people in that area do
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not speak English as their primary language, communication tools in languages other than
English will need to be developed.
TABLE 3-1

Watershed Health Attributes and Some of the Landscape Factors and Human Influences That Affect Them

Landscape Factors
Climate
Physiography
Lithology/soils
Watershed morphology
Hydrology
Vegetation

Î

Watershed Health Attributes

Í

Hydrology
Hydrograph alteration
Floodplain presence and
connectivity
Groundwater
Physical Habitat
Floodplain quality and connectivity
Riparian condition: width, composition
and fragmentation
Stream connectivity
Channel condition and habitat structure:
- Habitat types
- Bank erosion
- Channel substrate (fine/coarse)
- Off-channel habitat (tributary and side
channels)
- Refugia (depth, boulders, undercut banks
and wood)
- Large wood
Terrestrial habitat (e.g., oak woodland)
Wetland habitat

Human Influences
Land use
Impervious surfaces
Dam impacts
Water withdrawals
Drainage network
Channel alterations
Vegetation management
Wetland alteration
Outfall discharges
Exotic species
Harassment
Harvest
Hatchery management
Spills and illicit discharges

Water Quality
Water temperature
Dissolved oxygen
Nutrients and chlorophyll a
Total suspended solids
Toxic contamination of water, sediments and biota
Groundwater quality
Other 303(d)-listed TMDL parameters
Other parameters (as determined by weight of evidence)
Biological Communities
Biotic integrity
Benthic communities
Salmonid population structure (abundance, productivity,
spatial structure, diversity)
Species interactions (predation, competition,
exotic species, etc.)
Riparian wildlife
Terrestrial wildlife
Plant communities
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Modeling and Assessment. In some cases, modeling may be needed to complete the
watershed characterization, determine likely reference conditions,
identify high-priority watershed problems and well-functioning
conditions (Step 4), or analyze management alternatives (Step 7).

Watershed problems and
assets will be determined
using various means,
including modeling to
compare existing conditions
to properly functioning
conditions.

The City is using a number of state-of-the-art models to support its
watershed management efforts. For example, water quality
monitoring and modeling activities are used to characterize
pollutant loading and instream water quality effects. The models
focus on parameters for which total maximum daily loads are
being established and on other pollutants of concern. Hydrologic
and groundwater models are used to assess the potential impacts of different types of
stormwater runoff events, such as scour erosion and
sediment transport.
Problems
Problems are watershed conditions or
In addition to modeling, the City will conduct studies
features that are not functioning well or
or other analytical work to fill data gaps and better
that are contributing to impairment of
understand conditions in its watersheds. For example,
watershed health.
since 1998 the City has sponsored a study of near-shore
Watershed Assets
habitat conditions and fish use in the lower Willamette
Watershed assets are watershed
River, along with studies to evaluate the distribution
conditions, features or functions that
and biotic integrity of fish populations in key
currently are in or near a healthy, welltributaries to the lower Willamette River. The City is in
functioning state, and that are
the process of developing a habitat assessment
considered key to sustaining important
method11 to evaluate existing conditions as they affect
watershed functions. In some instances,
they may be at or near reference
watershed ecosystem health, habitat conditions, fish
conditions.
and aquatic or riparian-dependent wildlife12 and
limiting factors. Additional details about the City’s key
Reference Conditions
analytical tools and their uses, including examples, are
… can be defined for each attribute.
presented in Appendix H.

Identifying Watershed Problems and Assets. An
important element of characterization involves
identifying (1) problems in the watershed that currently
are—or may be—obstacles to meeting watershed
goals13, and (2) conditions that are currently healthy
(meaning that they are in a well-functioning state), are
considered key to sustaining important watershed
functions and should be protected in order to achieve
those goals. For the purposes of this document, healthy
conditions are referred to as watershed assets; they
represent conditions that are at or near reference

… represent the “ideal” conditions for
proper or suitable ecosystem function,
regardless of urban development or
other constraints.
… help define the well-functioning
natural conditions that are used to judge
the relative health of current and
potential future watershed conditions.
… are useful in identifying problems and
assets during characterization.

11 The City of Portland’s habitat assessment method is a multicomponent analytical tool that assesses habitat conditions in the
City of Portland’s watersheds and determines the effects of these conditions on species’ abundance, productivity and diversity.
One of the method’s components is an adaptation of the Ecosystem Diagnosis and Treatment (EDT) model.
12 Emphasis is currently on species listed or proposed for listing under the ESA (particularly key salmonid fishes). In the
future, the City may expand these analyses to include terrestrial species and their habitat relationships, with emphasis on state
sensitive, threatened and endangered species.
13 Environmental conditions that prevent proper ecological function are sometimes called “key limiting factors”.
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conditions. Both watershed problems and assets present opportunities for future restoration
and protection actions.
Specific types and locations of problems and watershed assets—and the severity of
problems or degree of health—will be determined by comparing current conditions with
reference conditions that are assumed to be indicative of a healthy watershed. For example,
existing stream water temperature may be compared with water temperature criteria
established to support growth and production of coldwater biota. As another example,
existing streambed substrate conditions may be compared with values reported in the
scientific literature for preferred gravel composition conditions for fish-bearing streams.
These reference conditions are similar in concept to “normative” conditions as defined by
the Independent Scientific Group (2000) for restoration of salmonids in the Columbia River
ecosystem or “properly functioning conditions” as defined by NOAA Fisheries (1996) for
ESA effect determinations at a watershed scale.

Step 4: Identify the Causes, Sources and Effects of Watershed Problems and Assets
Once watershed conditions have been determined and key problems and watershed assets
have been identified, the sources and processes that create them must be determined. To
the extent possible, these sources and processes should be quantified.
There is a somewhat subtle but important difference between causes and sources. Causes
are the inputs or conditions that result in effects, whereas sources produce or generate the
inputs or conditions. For example, discharge from the storm
drainage pipe system into the stream channel may be the
Causes are the inputs or
source for increases in high flows, which are a cause of
conditions that result in
streambank erosion at specific downstream sites.
effects, whereas sources
produce or generate the

Identifying the sources or causes of watershed problems and
inputs or conditions.
assets is challenging for three primary reasons. First, often a
large number of potential sources or causes underlie a
particular situation. Second, there can be large gaps in data about the relative contributions
of different possible sources or causes across a watershed. Third, watershed processes and
their dynamics are complex.
In spite of these challenges, identifying the sources or causes of watershed problems is
critical to developing effective solutions. Solutions will be successful only if they address
the most significant sources or causes and are designed to account for the variability of
those sources and causes over time and space (see Restoration Guideline 3.3). Similarly,
understanding why watershed assets exist is key to maintaining them. For example, the
causes of cool stream temperatures may be the presence of shade trees and low amounts of
impervious surfaces. To maintain the desirable stream temperatures, it will be necessary to
protect the conditions that cause them—that is, to maintain the shade trees and continue to
limit impervious surface area.
Efforts to identify the sources or causes of watershed problems and assets will be enhanced
by the following:
•

A comprehensive understanding of the ecosystem and the processes that affect the
condition of each of its environmental attributes. This is developed by understanding the
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latest research findings on environmental attributes and watershed processes, as well as
the scientific principles and restoration guidelines in Chapter 2. This includes an
understanding of natural watershed functions and processes, and the role and effects of
the surrounding built environment (that is, urban and urbanizing areas and their
associated human activities and infrastructure).
•

An accurate characterization of the key problems in a watershed and the dynamics of these
problems over time and space. This is developed through the watershed characterization
(see Step 3), which encompasses both the natural and built components of the
environment, and by understanding the concepts of indicators and reference conditions.
These are described in Step 6 and Appendix G.

•

Development and refinement of analytical tools and information that can be used to link
human activities across the watershed to their impacts within the riverine-riparian
environment. The City of Portland uses analytical tools to evaluate conditions and
activities within and across the watersheds’ riverine-riparian environment.14 These
tools, which are described in Appendix H, can be used to evaluate the causes and
relative impacts of problems identified during watershed characterization and the
sources of conditions that create protection or restoration opportunities; over time the
analytical tools will be refined.

•

Focused analyses to verify and further characterize causes and sources. The City will
conduct focused analyses to further verify and characterize potentially important
sources so that more effective solutions that will address them can be designed. Such
analyses may include site-specific data collection or the use of models to better
characterize particular sources or causes of watershed problems. Identifying the origins
of watershed problems and the conditions creating watershed assets may also involve
iterative calculations or modeling runs to assess which problems, watershed assets,
causes and sources have the greatest effect on the watershed indicators.

•

Expert opinion. Sometimes it is desirable to enhance understanding or fill data gaps by
consulting academic institutions, governmental agencies and others with expertise in
various areas related to watershed health processes and attributes. There are various
ways of tapping into such resources, including workshops such as those conducted by
the Center for Watershed Protection.15

Cause-Effect Links. A cause-effect link will be established for each watershed problem or
asset, to the degree possible. This link will identify the causes of each problem, the reasons
for each healthy condition, and the effects of each problem or healthy condition on specific
watershed resources or features. Identifying cause-effect links helps set the stage for Step 5,
when objectives are developed; Step 6, when indicators are selected; and Step 7, when
potential actions are identified. An example of the link between an identified problem and
its specific causes and effects is presented in the top portion of Figure 3-2. Similarly,

14 The City may develop and apply additional tools to address the terrestrial components of the ecosystem.
15 The Center for Watershed Protection, based in Baltimore, Maryland, is a nonprofit, nonadvocacy organization that works
with watershed groups and governments to help them understand and protect urban watersheds. One of the approaches the
center uses is that of community workshops that bring together professionals with expertise in a variety of fields related to
watershed health.
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linkages between an identified watershed asset and reasons for that asset’s existence, along
with the asset’s effects, are shown in the bottom of Figure 3-2.
To determine cause-effect relationships, the City will identify the following:
•

The types and locations of the problem or conditions and the resources that are or may
be affected (from Step 3)

•

The types and locations of watershed processes or inputs of pollutants or materials (such
as fine sediments, nutrients or thermal energy) involved in the problem or condition
(from Step 4)

•

The mechanism of effect or impairment to these resources (from Step 3) and activities
and/or “trigger events” that cause or contribute to the effect (such as a storm event that
increases runoff and thus causes erosion) (from Step 4)

FIGURE 3-2

Cause-Effect Relationships for a Sample Problem and a Sample Asset

Table 3-2 shows an example of how these cause-effect links will be established during
characterization. The links can result in the development of problem and asset statements
(as shown in the examples in Table 3-2) that specifically describe the linkages between
causes and effects. The cause-effect links also can identify specific sources, if known, that
cause problems or produce assets. These sources include the inputs, activities or events that
trigger a problem or maintain an asset.
Specific watershed problems or assets and their causes and sources may be grouped based
on the type of healthy condition or problem, magnitude of
Some projects may proceed
effect, correlation with watershed health goals or restoration
guidelines, degree of benefit from a single potential solution or directly to implementation, if
they are well justified and the
action, or other factors.
In cases where problems or watershed assets exist and are well
understood, or where projects and actions are already well
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justified as a result of previous planning efforts, projects and actions may proceed directly to
implementation.16
TABLE 3-2

Components and Sample Details for Identifying Watershed Problems or Assets and Their Causes, Sources and Effects
Step
Identify the problem or
watershed asset
(Step 3)

Components

Example

Location of the problem or
asset
Resource(s) affected
Effects on the resource(s)
Input causing the effect
Means by which the input
affects the resource(s)

Identify the causes and
sources of the problem
or watershed asset
(Step 4)

Input delivery process
Location of the process
Types of activity or events
causing the problem or
maintaining the conditions

Sample Problem: Fine sediment deposition on
channel substrate in lower Balch Creek reduces
cutthroat trout productivity by decreasing usable
spawning area and reducing oxygen available to
eggs in trout redds.
Sample Watershed Asset: A normative
hydrograph in Miller Creek provides adequate
summer baseflows for maintaining cool water
temperatures and rearing habitat for juvenile trout.
Sample Causes and Sources of the Problem: A
sediment budget indicates that the key causes of
fine sediment deposition are streambank erosion
within the Balch Creek subbasin resulting from
increased high flows and inadequate bank
vegetation. The source of the increased high flows
is stormwater runoff from impervious surfaces in a
particular part of the subbasin. The source of
inadequate bank vegetation is sparse plant
establishment at the erosion sites themselves.
Sample Causes and Sources of the Watershed
Asset: Dense vegetation cover and low amounts of
impervious surface area in the Miller Creek
subbasin allow for rainfall interception, groundwater
recharge and surface runoff to Miller Creek in a
manner that resembles a relatively undisturbed
forested system.

Solutions: Establishing Objectives, Targets and Benchmarks and Identifying
Actions to Achieve Them
The next four steps involve identifying watershed-specific objectives for each goal, selecting
indicators for measuring watershed health conditions, establishing targets and benchmarks
for those indicators, and recommending and selecting appropriate actions.17

16 Design, budgeting, permitting, socioeconomic analyses and other tasks may need to be completed before projects and
actions are implemented.
17 The word “actions” is used broadly and can include capital expenditure projects, programs (nonregulatory or incentivebased) or other projects.
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Step 5: Establish Watershed-Specific Objectives
Achieving goals that essentially call for “healthy watersheds” necessitates development of
clear objectives that will lead to appropriate
and effective actions. To do this, objectives
What are objectives?
must be specific in describing the functions
Objectives are specific outcomes in
and conditions that are desired at some
watershed functions and conditions that must
point in the future. Objectives will be set
be achieved for watershed health goals to be
for each watershed-specific goal. It is likely
attained. An objective is a measurable
that there will be several objectives for each
component of a goal.
goal. Taken together, the objectives will
describe the outcome that must be achieved for a watershed health goal to be attained.
The problem and asset statements (such as those shown in Table 3-2), which reflect the
linkages among sources, causes and effects, point the way toward development of
restoration or protection objectives. For example, using the problem and asset statements
shown in Table 3-2, objectives might be initially developed as follows:
•

Sample Objective for Physical Habitat Goal: Reduce erosion-caused sedimentation in the
channel substrate, to enhance cutthroat trout spawner and juvenile production in lower
Balch Creek.

•

Sample Objective for Hydrology Goal: Maintain normative summer baseflow conditions
to protect cool water temperatures and cutthroat trout rearing habitat in Miller Creek.

Establishing objectives sets the stage for identification of indicators in Step 6. In some cases
there will be more than one indicator for each objective, as in the following:
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•

Sample Objective: Increase the quality and quantity of the
riparian buffer area along the middle reach of Johnson Creek to
increase nesting habitat for songbirds and to provide shade and
large wood recruitment for aquatic species.

Indicators for this objective could be riparian buffer width and
vegetation composition.

It is likely that there will be
several objectives for each
goal, and possibly several
indicators for each objective.
Taken together, the objectives
and indicators will describe
the outcome that must be
achieved for a watershed
health goal to be attained.

As Step 6 is performed, the objectives will be refined (if possible),
indicators and target values will be selected, and timelines will be
established, making the objectives more measurable and specific.
However, in some cases information may not be available to further refine an objective.
Such an objective may remain less specific and more qualitative but nonetheless be
important in identifying indicators in Step 6.

A method for refining objectives and also for ensuring that the City will consistently
identify indicators, target values and timelines is through the use of “word templates” as
shown in Table 3-3. This method is introduced here (although it cannot actually be
completed until much of Step 6 is performed) to provide the reader with an understanding
of the level of detail the City will use when performing Steps 5 and 6. Whenever possible,
the “word template” components will be identified in specific, quantitative terms. Even for
an objective that must remain less specific and more qualitative, the word template ensures
consistency in the format and components of an objective.
The word template examples show the various components necessary for a clear,
measurable objective, specifically:
•
•
•
•

The attribute to be changed or protected (indicator)
A target or desired condition (a measurable endpoint for the indicator)
A spatial scale
A time frame for achieving the change in the indicator

The examples in Table 3-3 also identify links to biological or ecological functions. This
identifies the specific environmental process or feature at which the objective is aimed, such
as a particular species (cutthroat trout, for example), a type of habitat (juvenile rearing
habitat) or physical or ecological process (summer baseflow accretion).
The value of refining objectives in this manner is to make clear the desired outcome with
respect to the problem or condition responsible for an affected resource.
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TABLE 3-3

Sample “Word Template” for Refining Watershed-Specific Objectives
Objective Components

Example Elements

Attribute (Indicator)

fine sediment

Target or Desired Condition—Measurable
Endpoint of Attribute

reduce streambed sediment embeddedness to 20% or less

Linkage to Biological/Ecological Functions

to support cutthroat trout spawning and egg incubation

Spatial Scale

in lower Balch Creek

Time Frame

by 2040

Refined Example Objective for Physical Habitat Goal: Reduce streambed fine sediment embeddedness to 20
percent or less in lower Balch Creek by 2040 to support cutthroat trout spawning and egg incubation.
Objective Components

Example Elements

Attribute (Indicator)

summer baseflows

Target or Desired Condition—Measurable
Endpoint of Attribute

increase to levels that maintain water temperatures (at less than
o
64 F) and habitat availability

Linkage to Biological/Ecological Functions

to support cutthroat trout rearing

Spatial Scale

throughout Miller Creek

Time Frame

by 2060

Refined Example Objective for Hydrology Goal: Increase summer baseflows to levels that maintain water
temperatures (at less than 64o F) and habitat availability throughout Miller Creek by 2060 to support cutthroat
trout rearing.

Step 6: Select Indicators and Establish Target Values and Benchmarks
To be able to track progress in achieving goals and objectives, it is necessary to select clear,
measurable, scientifically based environmental indicators, along with targets and
benchmarks for those indicators. These will be derived from an examination of the
objectives established in the previous step and should provide the City with a way to
determine whether those objectives are met.

Environmental Indicators. Because of the complexity of ecosystems, it is not possible to
measure the condition of, or changes in, every component of the system. The concept of
indicators addresses these challenges. An indicator is a readily
measurable attribute that captures the condition and dynamics
The potential indicators
of broader, more complex and less readily measurable attributes presented in Appendix G will
of ecosystem health. Indicators are often focused on structural
serve as a starting point for
and compositional components of the ecosystem, rather than
identifying appropriate
directly on processes or functions (Mulder and others 1999).
watershed-specific indicators.
This is a matter of practicality rather than priority. For example,
it is easier to measure the width, vegetative composition and
connectivity of a riparian area than to measure the myriad complex functions that the
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riparian area provides (such as maintaining water quality, providing microclimates and
supplying organic inputs into the food web).
The City of Portland has assembled a set of potential indicators that comprehensively
address the structure of, function of and impacts to local urban watersheds (see Table 3-1,
which lists the indicators in the center column, titled “Watershed Health Attributes,” and
Table G-1 in Appendix G).18 These indicators were adapted from NOAA Fisheries’ Matrix
of Pathways and Indicators (National Marine Fisheries Service 1996b) for high-gradient,
forested landscapes and the list of watershed health attributes and influences discussed in
Step 3 and in Appendix G. The list of indicators serves as a starting point for identifying
appropriate watershed-specific indicators.
Based on the information assembled and analyzed during characterization of watershed
conditions, some indicators may appear to be more relevant than others. For this reason, the
list of indicators that are selected for measuring watershed health
in a particular watershed or subwatershed will reflect the specific
conditions and priority problems of that watershed. The indicators Some indicators, such as
riparian conditions, may be
also will be the basis for how the City will measure whether the
useful in measuring progress
objectives for each watershed health goal is met. It is likely that
in achieving more than one
some indicators will serve to measure the health of more than one
objective, such as physical
objective. For example, improvements in riparian conditions may
habitat objectives and
indicate progress in achieving both physical habitat objectives and
biological communities
biological communities objectives.
objectives.

Because indicators are the means the City will use to determine
watershed health, it will be necessary to monitor them to determine whether changes have
occurred over time (see Step 10 for details about monitoring). However, in some cases,
changes in an indicator may be difficult to detect on a frequent basis. It may take years or
even decades before actions actually result in improvements in the indicators. Additionally,
it may be challenging to determine whether an action actually produces the desired change
in the indicator (for example, whether certain stormwater management practices have
contributed to specific reductions in stream peak flows, or whether planting several
hundred trees actually reduces stream temperature).
Although it may be easier to measure and monitor changes in land
use or percent of effective surfaces as “surrogates” of indicators,
Ultimately, it is the change in
the risk in this approach is that there might not be a strong
correlation between a surrogate and an indicator. The benefits, on conditions and functions that
the environmental indicators
the other hand, might be that a surrogate could address several
represent that will be the true
indicators at the same time. For example, reductions in percent
measure of watershed health.
effective impervious surface could result in improvements to
several indicators, such as hydrograph alteration, water
temperature, total suspended solids and certain biological communities. Therefore, the way
the City tracks changes in watershed health may include a combination of environmental
18 The watershed health indicators in this Framework focus on the health of key watershed processes, especially hydrology,
aquatic and riparian habitats, water quality and biological communities. Although the primary ecological principles; many
aspects of the riverine, wetland and upland ecological principles; and the restoration guidelines apply to terrestrial species and
habitats as well as to aquatic; additional indicators to address terrestrial components of the ecosystem still need to be
developed. The City of Portland recommends that these indicators be developed in the near future (see Chapter 4).
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indicators (see the “Watershed Health Attributes” column of Table 3-1) and surrogates that
are reflective of the human influences listed in Table 3-1. Ultimately, however, it is change
in the environmental conditions and functions that the indicators represent that will be the
true measure of watershed health. The rationale for the selection of environmental
indicators is discussed in greater detail in Appendix G.

Reference Conditions. Although the City acknowledges from the outset that it will not be
possible to return to “pristine” conditions that were present before European settlement of
the Pacific Northwest (particularly in a highly urbanized area such as Portland), it is
important to understand and describe the conditions of attributes described during
characterization—and those that are ultimately selected as indicators in Step 6—that
represent healthy conditions. This is similar in concept to, for example, “normative”
conditions as defined by the Independent Scientific Group (2000) for restoration of
salmonids in the Columbia River ecosystem or “properly functioning conditions” as defined
by NOAA Fisheries in its Matrix of Pathways and Indicators.19 These reference conditions
reflect the watershed’s natural ecological potential, meaning the conditions that would exist
if all environmental attributes were unimpaired and
functioning properly. Reference conditions do not
Reference conditions do not
necessarily become targets to be met, but comparing
necessarily become targets to
reference conditions to current conditions is useful in
be met. More often, they will
guiding the development of targets.
be used to guide the
development of targets.
A challenge in determining reference conditions relates to
the dynamic and unique nature of ecosystems. Even within
pristine and fully functioning ecosystems there are wide ranges of conditions, and this
greatly complicates attempts to describe “ideal” or “healthy” conditions. Using the analogy
of human health, a healthy 25-year-old person exhibits characteristics that are different from
a healthy 75-year-old person. Similarly, two healthy 25-year-old people can exhibit different
conditions. A condition that is healthy for one watershed or stream reach may be unhealthy
for another. Some stream reaches, for example, are depositional areas that naturally
accumulate high levels of sediment, while in other reaches, sediment accumulation is a sign
of highly degraded conditions resulting from excessive upland and instream erosion.
Additionally, the amount of wood that naturally accumulates in a stream may vary widely
as a result of localized differences in gradient, flow, stream morphology and riparian
conditions.

Given this natural heterogeneity, it is difficult—and in many cases inappropriate—to
identify a single value for an indicator that unambiguously defines healthy conditions
across all stream reaches and watersheds. Reid and Furniss (in press) argue that even an
attribute as straightforward as water temperature is probably not appropriately addressed
by using a single value to define a condition that is well functioning, given the wide range
of natural variability in temperatures across a watershed and salmon’s behavioral
adaptations to use thermal refugia. Bauer and Ralph (1999) make the case that these
arguments are even more germane when applied to habitat indicators, where defining a
single value that delineates “good” conditions is far more ambiguous. Even within pristine
watersheds, cycles of disturbance and recovery regularly result in localized patches of
19 National Marine Fisheries Service 1996.
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habitat that would be considered unhealthy if measured against habitat targets, yet such
processes are critical for watershed health and habitat formation (Bisson and others 1997,
Reice 1994).
To address the heterogeneity of conditions in watersheds and the fact that a particular
indicator of stream health could exhibit a range of values through space and time, Mulder
and others (1999) propose that a distribution of values for a particular indicator be used in
defining values that represent suitable and well-functioning conditions. The difficulty with
this approach is determining the distribution of values. Mulder and others (1999) suggest
the following:
•

Using historical conditions to inform the process of setting appropriate values or ranges
of values for each indicator

•

Using reference areas to define the range and variability in ecosystem indicators that
would be expected in ecosystems that are unaffected or minimally affected by human
activities

•

Using models to provide insight on historical conditions

Each of these approaches has its limitations. Data on historical conditions are sparse and
not likely to be available for all of the indicators used to assess
watershed health. It may be difficult to find reference
Reference conditions merely
watersheds that are minimally affected and comparable to local guide the development of
urban watersheds. And while models can provide valueable
target values, rather than
insight, their output on historical conditions cannot be validated serve as rigid levels below
and so must be used with caution. Given the limitations of each which the ecosystem is
unambiguously defined as
individual approach, it would be prudent to use the various
degraded. Ultimately,
approaches in conjunction with one another to develop a more
achieving watershed health
robust understanding of the distribution of conditions that
will depend on the restoration
would be expected in a healthy watershed.
of ecological processes, not

Reference conditions for indicators of watershed health should
on a set of indicators
be used cautiously to guide establishment of targets and desired reaching specific measurable
values.
conditions. They are not intended to be used in the same
manner as, for example, water quality standards; that is, they
are not rigid lines below which the ecosystem is unambiguously
defined as degraded and above which it is healthy. In particular the reference conditions
should not be considered rigid “ideals” to which all reaches of a watershed should conform
or else the protection and restoration efforts are labeled a failure or incomplete. As the
City’s understanding of watershed processes increases, the appropriate reference conditions
will evolve over time. Confidence in them will increase until they can be used more
extensively in providing specific guidance for refining targets and desired conditions, as
well as protection and restoration efforts.
The City of Portland intends to use reference conditions in three ways:
•
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•

To indicate the direction and general magnitude of the restoration and protection efforts
needed to restore watershed conditions to meet stated city goals, objectives and
obligations

•

As measuring sticks that aid in the interpretation of characterization and monitoring
data

The most important point that must guide the use of indicators and reference conditions is
that they are used to represent underlying physical and ecological processes that affect
watershed health. As measurable reflections of complex ecological processes that are
difficult to measure directly, the City can use indicators and reference conditions to evaluate
how well these processes are functioning and as “useful signals of environmental
degradation” (Bisson and others 1997). Ultimately, however, it is the integrity of the
ecological processes that is required to restore watershed health, rather than a set of
indicators reaching specific measurable values.

Target Values or Desired Conditions. The City of Portland will establish target values—or
desired conditions—for each of the selected environmental indicators at a watershed level
and, when possible and practical, at the
subwatershed level or even stream reach level.
What are target values and
These target values are based on what is
desired conditions?
necessary to achieve healthy watersheds,
Target values and desired conditions
are those conditions that the City of
tailored to that specific area. Although many of
Portland will ultimately strive to achieve
the environmental indicators will be the same
in order to meet its watershed health
from one watershed to the next, the target
goals and objectives. Target values are
values for those indicators may vary to reflect
based on what is necessary to achieve
the unique physical and biological conditions of
healthy watersheds while at the same
time taking into account aspects of the
each watershed. For example, if a particular
urban environment that, for practical
stream historically never had large amounts of
purposes, are unchangeable.
woody debris, it does not make sense to
establish target values that call for amounts
above historical levels.
Target values and the benchmarks that will be established from them will provide the
means for determining whether the City of Portland has achieved its watershed health
objectives and goals. The relationship among reference conditions, current (baseline)
conditions, target values and benchmarks (which are discussed more fully below) is shown
in Figure 3-3.
In many cases, the target values—or desired conditions—for each of the selected
environmental indicators will actually be represented by a range rather than by a single
value (see Figure 3-3). A range recognizes that particular environmental attributes can be in
a healthy state over a certain range of conditions. For example, Sullivan and others (2000)
report that preferred water temperatures for steelhead growth occur over a range from
about 100C to 170C (500F to 630F). The Oregon Department of Fish and Wildlife’s (ODFW)
habitat inventory protocol specifies that the most desirable distance between pools for
productive salmonid habitat is equal to between five and nine channel widths.
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FIGURE 3-3

The Use of Reference Conditions, Target Values and Benchmarks

The target values should also take into account major physical, social or financial
limitations, particularly those posed by an urban environment. As such, the target values
represent a proper level of function for an urban environment,
taking into account aspects of the urban environment that, at this
Target values should take into
time, given current societal values and priorities, are considered
account physical, social or
unchangeable. For example, significant areas within the City’s
financial limitations,
watersheds contain impervious surfaces from which drainage is
especially those posed by an
routed to stormwater or combined systems. Such areas generate
urban environment.
storm runoff that is much higher and more frequent than would
occur naturally. This affects stream flow, water quality and channel
habitat conditions preferred by salmonids. Target values would represent assumed bestcase watershed functions and conditions, taking into account these continuing effects of
urban development.
In effect, target values are based on reference conditions (as described above), adjusted to
take into consideration what is realistic and practical, particularly in light of constraints
imposed by the watersheds’ urban and urbanizing settings. Once the indicators and
associated target values or desired conditions have been established for a particular
watershed (or subwatershed), the objectives for that watershed can be refined. Refined
objectives should specify the spatial scale (if it is not watershed-wide) and a time frame for
completion, as shown in Table 3-3.
Because the City of Portland will be monitoring the condition of selected indicators over
time, it will be able to measure changes in hydrology, habitat and water quality; measure
the response of salmon and other aquatic and nonaquatic populations to these changes;
determine whether the target values need to be adjusted to better meet objectives; and
determine whether a specific objective is ultimately achievable. This process of gathering
data and applying adaptive management will ensure that the values evolve into appropriate
measures of health for local watersheds.
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As the City of Portland makes progress in restoring its watersheds (in terms of both
structure and function) so they more closely resemble properly functioning conditions,
increased understanding and adaptive management will allow the target values to be
adjusted to reflect the state of the science.
Some important assumptions underlie the concept
of establishing targets and desired conditions:

From Goals to Actions

•

Citywide and watershed-specific
The requirements for healthy watersheds and
goals
populations of fish and other aquatic and
Ð
nonaquatic organisms do not change based on
Watershed-specific
the land uses surrounding them. Whether the
objectives
surrounding landscape is urban, agricultural or
Ð
forested, fish (for example) still need cool, clean
Watershed-specific
water and suitable habitat. Until studies clearly
watershed health indicators
demonstrate that genetic adaptations have
Ð
changed local physiological requirements or
Reference conditions
watershed functioning, it should be assumed
for selected indicators
that healthy watersheds and biological
Ð
Desired conditions or target values
communities in urban areas require the same
for selected indicators
underlying conditions as do healthy watersheds
Ð
and biological communities surrounded by
Watershed-specific
benchmarks
other land uses. However, how these functions
for selected indicators
and conditions manifest themselves in an urban
Ð
area may be different from how they manifest
Restoration and protection actions
themselves in a pristine area. In other words, in
and monitoring of indicators
an urban area, it will be important to achieve the
same function, but the form that function takes
may be very different. For example, achieving healthy watershed conditions may entail
running stormwater through a settling basin and treatment swale rather than through a
vegetated riparian zone. In fact, it is preferable to concede that full watershed health
may not be attainable in all parts of the urban area than to adjust the definition of a
healthy watershed in an urban area without a sound body of research to support that
adjustment.

•

A normative ecosystem is possible within an urban landscape. As discussed under
Salmonid Ecology Principle 3, an urban landscape that contains a mix of natural and
cultural features that typifies modern society can sustain all life stages of a diverse suite
of salmonid populations if that landscape provides essential ecological processes and
conditions.

•

Although watershed-specific targets for indicators should
be realistic, they should not be set short of what is
considered to be healthy for that watershed merely because
the objectives do not seem attainable in the near future
under existing urban conditions and constraints. The ways
in which development occurs are continuing to evolve, as
are scientific knowledge of watershed processes and the
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tools and techniques for protecting watersheds. Therefore, what seems unattainable
now may become attainable over time, and what seems easily attainable now may prove
to be more difficult than expected. That said, targets should not be so unrealistic as to be
irrelevant to management decisions. Similarly, benchmarks—as described below—
should reflect existing conditions, constraints, effects on other priorities and the known
effectiveness of potential management actions.

Watershed-Specific Benchmarks. As discussed earlier, objectives and targets should be
reflective of urban constraints. Given the reality of conditions and constraints in the City’s
urban and urbanizing watersheds, it probably will take several decades to achieve
watershed-specific targets and objectives. Therefore, the City will establish benchmarks that
define interim targets to be achieved over time. Benchmarks provide a practical way in the
watershed management process of measuring progress in achieving objectives—and
ultimately watershed health goals. Benchmarks
add an interim time component to achieving
What are benchmarks?
objectives and become the “measuring stick” for
Benchmarks are specific outcomes that
assessing progress. They are important tools in
must be achieved at specific times for
communicating what the watershed indicators
watershed health objectives to be attained.
should “look like” at specific time intervals.
Benchmarks provide a means of tracking
Benchmarks also assist planners in prioritizing
progress in achieving watershed health
actions for implementation and are critical for
objectives and goals.
adaptive management.
The concept of using benchmarks to measure
progress in achieving objectives is depicted in
Figure 3-3. The figure also shows the relationship
of benchmarks to desired conditions or target
values, which may actually be a range of values.
Progress in meeting objectives and benchmarks
will inevitably vary, depending on the indicator.
For example, it may be possible to achieve
temperature standards in a certain subwatershed
or stream reach sooner than in others.
Benchmarks can be sensitive to those differences.
They also can reflect watershed health priorities
within the watershed or subwatershed.

Benchmarks consist of three primary components: (1) the environmental indicator at
which the objective is directed, (2) a value
that reflects a target, meaning a desired
condition or response in the indicator, and
(3) time frames for reaching those targets or
conditions.

Example: Physical Habitat
Goal: Protect, enhance and restore aquatic
and terrestrial habitat conditions to support
key ecological functions and improved
productivity, diversity, capacity and
distribution of native fish and wildlife
populations and biological communities.
Objective: Reduce the percentage of fine
sediments in the riffle substrates of Balch
Creek to 20 percent by the year 2040.

Benchmarks should be realistic, should reflect the
realities of the built environment, and should be
Indicator: Percent of fine sediments in riffle
substrate
selected recognizing that social and institutional
constraints may limit progress in achieving
Reference condition: 12% or less
objectives. For example, the selection of
Target: 20% or less by 2040
benchmarks can take into account limitations
posed by such factors as funding, sequencing of
Benchmarks: 35% by 2010
actions and other City goals and priorities.
30% by 2020
25% by 2030
Examples include court-ordered capital
programs, existing federal facilities such as dams
and highways over which the City has no legal control, and the need to protect human
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health and safety and the integrity of critical city infrastructure. On the other hand,
recognition of such limitations may not necessarily dictate setting less ambitious
benchmarks, but rather that other solutions to problems need to be pursued. It should be
noted that setting ambitious benchmarks can be used to attract public support and funding
for projects and programs that help achieve those benchmarks.
Establishing benchmarks should take into account the
anticipated effects of current projects and efforts already under
way that will improve water quality and stormwater runoff
conditions. Examples include the City’s combined sewer
overflow (CSO) project and the Downspout Disconnect
Program. Benchmarks should also take into account the
anticipated effects of events, such as population growth, that
may result in negative effects.

Benchmarks will be set to
correspond to the expected
rate of progress in achieving
an objective, even if that
progress is uneven or
delayed, as with trees planted
to shade streams and reduce
water temperatures.

For all of the above reasons, the benchmarks that are established
may not always follow as linear a path as that depicted in Figure 3-3. As an example, it
could take 50 years for trees planted now to start shading streams enough to have a cooling
effect on water temperature. In this case the benchmarks for the indicator (water
temperature) would be set at roughly the same level for the first four to five decades but
would be set progressively lower for the next few decades, to correspond with the expected
expansion of the tree canopy over the stream. In other situations benchmarks might even
reflect anticipated declines in the condition of an indicator, depending on what is
realistically achievable.
As with the objectives, benchmarks will be evaluated and adjusted periodically as new
information is collected and the City’s understanding of its watersheds and watershed
health science improves.

Step 7: Identify, Evaluate and Prioritize Actions to Achieve Watershed Health Objectives and
Benchmarks
Step 7 involves identifying, evaluating and prioritizing potential actions according to how
well they achieve watershed health goals, objectives and benchmarks. Because there are
usually multiple ways of achieving goals, objectives and benchmarks, a process of
identifying and selecting the most desirable and effective actions is necessary. This step
entails developing a “long list” of potential actions and paring it down to a “short list” of
actions that will be considered for implementation.

Potential Actions. After watershed-specific objectives, targets and benchmarks have been
developed, potential actions and projects that address them will be identified.
Understanding the reasons or causes of a watershed problem (or reasons why an asset
exists) will help in determining appropriate actions in Step 7. For example, increasing bank
vegetation may be important to achieve certain stream temperatures in a specific stream
reach, but it may also be important to reduce stormwater runoff from paved surfaces. There
are likely to be a variety of specific actions that can address the underlying causes or
problems, but selection and prioritization of actions should be based on targets and
benchmarks that are established in Step 6 and on analyses, evaluations and other factors
described in Step 7.
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An initial set or list of potential actions and projects will be identified from four main
sources:
•

The results of the watershed characterization performed in Steps 3 and 4, particularly the
preliminary action strategies that are identified as problem and asset statements and
cause-effect linkages are determined.

•

City projects. Various City staff will identify actions or projects currently under way—
such as TMDL, public facilities and parks management—that could be effective at
improving watershed health. Other projects may be identified that have yet to be
designed, funded or implemented but should be considered at this stage.

•

Entities and stakeholders working in the watersheds. Potential actions and projects will be
solicited from entities and stakeholders in the watersheds. The “smart watershed
program” developed by the Center for Watershed Protection may be useful in
identifying potential opportunities for protection.20 That program involves holding
facilitated workshops that are attended by both city employees and multiple
stakeholders within the watershed.

•

Scientific literature. Scientific literature will be reviewed to identify strategies and
actions that have been implemented elsewhere to address similar watershed conditions.

It is important that a variety of potential actions be considered; if problems are to be
corrected and watershed assets are to be protected, a “one-size fits all” approach will not be
effective. Potential actions could include a combination of capital expenditure projects,
programs and initiatives, regulations and other actions and projects, as follows:
•

Capital expenditure projects: Specific on-the-ground projects (structural or
nonstructural) requiring capital expenditures. Examples include habitat restoration
projects, land acquisition and stormwater treatment wetlands.

•

Programs: Specific programs or initiatives that include nonregulatory or incentive-based
mechanisms for addressing watershed and river health. Examples include outreach and
education, technical assistance, conservation easements or purchase of development
rights.

•

Regulations: Development of, or modifications to, ordinances or codes intended to
regulate land uses or development affecting water quantity, water quality, riparian
conditions or stream channel/habitat conditions. An example is zoning codes.
(Regulations are included in this list not because the City intends to impose additional
or costly restrictions on private property as a way of achieving its watershed health
goals; rather, regulations are included because they are one of many factors that affect
watershed health, and because potential changes in regulations could complement other
watershed protection and restoration actions the City expects to take, such as education,
incentives and on-the-ground projects.)

20 This process is tailored especially to small watersheds or subwatersheds of between one and five square miles in size. The
Center for Watershed Protection, based in Baltimore, Maryland, is a nonprofit, non-advocacy organization that works with
watershed groups and governments to help them understand and protect urban watersheds. One of the approaches the center
uses is that of community workshops that bring together professionals with expertise in a variety of fields related to watershed
health.
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•

Other Actions and Projects: Various other actions and projects that do not fit
conveniently in the three classes above. Examples include research, demonstration or
pilot projects, monitoring, modeling or technical reports to inform existing or future
plans or management practices. Examples might also include changes in City
maintenance activities, such as street sweeping, or vegetation management in City
parks.

It may be useful to group potential actions gleaned from these sources into general
categories and, within each category, to group them by type of action and location, if
possible. Such groupings are expected to provide a more efficient means of analyzing,
justifying and recommending potential actions at the watershed or citywide scale. Specific
actions will be selected for evaluation, with the result being a comprehensive, preliminary
“long list” of specific actions or projects from which alternative sets of actions can be
formulated. Table 3-4 provides examples of possible watershed actions or projects,
organized by general category and type of action or project. Some actions lend themselves
to basinwide application, while others are more suitably applied on a site-specific basis.
TABLE 3-4

Examples of Possible Watershed Actions or Projects, Organized by General Category and Type
General Category
Land Conservation

Site Design
Stormwater Runoff Management

Type of
Action or Project

Examples of Possible
Actions or Projects

Land acquisition
Conservation easements
Vegetative buffers
Vegetation management
Stewardship
Open space and cluster development
Green streets, lots and curbs
Pollutant source reduction
Stormwater infiltration
Erosion control
Water volume management
Water quality treatment
Possible actions or projects:
•
•
•
•
•
•

•
Non-Stormwater Discharge
Management

MANAGING WATERSHEDS

Biofiltration swale
Bioretention system
Constructed wetland
Extended detention pond
Infiltration basin
Riparian forest buffer
Sediment basin

Septic system management
Sanitary wastewater collection system
Sanitary wastewater treatment
Illicit discharges management
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TABLE 3-4

Examples of Possible Watershed Actions or Projects, Organized by General Category and Type
General Category
Habitat Protection and Restoration

Watershed Stewardship

Managing Land Use and
Development

Type of
Action or Project
Instream habitat restoration
Bank protection and
restoration

Examples of Possible
Actions or Projects

Possible actions or projects:
•
Bank shaping and revegetation
•
Brush layering
•
Gully repair
•
Log, rootwad and boulder revetment
•
Riparian plantings
•
Tiered wall/bench plantings
•
Tree preservation and protection

Riparian/wetland habitat protection and restoration
Upland habitat protection and restoration
Tree protection and restoration
Invasive species management
Outreach and education
Incentive programs
Pollution prevention
Watershed maintenance
Research, monitoring and adaptive management
Coordination with other agencies and jurisdictions
Overlay zoning
Urban growth boundary
Large lot zoning
Landscape standards

Evaluating Potential Actions. The preliminary “long list” of potential specific actions or
projects (developed as described above) will be analyzed in terms of how well the actions
align with the restoration guidelines presented in Chapter 2 and
how effective they are in achieving benchmarks and objectives
Potential actions will be
across a watershed or subwatershed. Similarly, projects will be evaluated in terms of how
well they align with the
evaluated based on how they support or conflict with other
restoration guidelines,
actions and projects, environmental and otherwise. Potential
achieve benchmarks and
projects and actions that conflict with other priorities—public
objectives, and complement
and private—will receive lower overall ratings than potential
other City priorities.
projects and actions that don’t conflict.
As described in Chapter 2, it is critical that restoration actions
be sequenced for maximum effectiveness (for example, hydrological and physical habitat
conditions must be adequate before enhancements related specifically to water quality or
biological communities can reasonably be expected to succeed). In this analysis, greater
weight will be given to those elements of restoration that are most fundamental or likely to
have the greatest overall impact. Other things being equal, projects that have more heavily
weighted elements of restoration, such as restoring flow on a watershed scale, will be
evaluated more favorably than other projects.
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Table 3-5 shows the relative weightings of different elements of the overall restoration
process and the corresponding restoration guideline.
TABLE 3-5

Relative Weightings of Restoration Elements, in Alignment with Restoration Guidelines
Relative Weighting
Higher/heavier

Lower/lighter

Restoration Element

Restoration
Guideline

Protect existing areas of high-quality habitats or properly functioning
watershed processes

3.1

Protect, improve or reestablish connectivity of healthy habitat areas

3.2

Control sources of degradation

3.3

Enhance (or restore if feasible) properly functioning:

3.4

•
•
•
•

watershed hydrologic conditions
physical habitat
water quality conditions
biological communities

Each potential action or project will be screened for (1) effectiveness in addressing problems,
(2) ability to maintain conditions that are functioning properly, and (3) implementability,
which encompasses technical feasibility and cost. A rough cost
estimate may be generated at this point. A technical feasibility
Projects that address multiple
assessment can consider, for example, how effective the action
problems or protection/
is likely to be, whether methods for implementing the action
restoration opportunities, or
are well understood or experimental, and whether the action
that affect several watershed
would be likely to have community and agency support. This
processes at once, will likely
exercise will help distinguish projects that are clear “winners”
make the “short list” of
from those that would offer relatively marginal overall
potential actions that will
performance or benefits. Projects that currently are clearly
undergo further evaluation.
infeasible will likely be excluded from further consideration
and analysis at the present time. (However, because watershed
management is an iterative process, projects that are infeasible now but that have the
potential for significant ecological benefit may be reconsidered at a later date, once
circumstances and economies of scale have changed). Also, some projects may be excluded
at this point because they clearly are financially infeasible or socially unacceptable.
Actions or projects can be organized in several different ways, such as by overall watershed
goal and objective, type of problem and solution, or location. In this way it may become
apparent which actions should be considered together or are likely to have the greatest
benefit. For example, in a stream reach with fine sediment problems, several individual
erosion and sediment control actions might be grouped together to achieve the single goal
of improving water quality. Or it could be that problems that all have a similar cause can be
solved with a single action. An example of this would be high water temperatures and low
levels of dissolved oxygen caused by a lack of riparian vegetation; both problems could be
addressed by planting riparian vegetation. Actions that address more than one watershed
process at once, thus offering multiple—and perhaps wide-ranging—benefits for the effort
involved in implementing a single action, may be given higher priority than actions that
address only one watershed process.
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As always, in sorting potential actions or projects into logical groupings it will be important
to consider the underlying processes or situations that are creating each problem, not just
the symptoms of problems. Additional analysis and modeling (such as with the tools
described in Appendix H) may occur at this point to help assess the potential effectiveness
of actions or sets of actions in addressing problems or opportunities. The City expects to use
a variety of analytical tools and models to help evaluate alternatives and actions. The
appropriate use of models will be further defined in consultation with stakeholders and
technical experts during the alternatives development process. The models used, the level
of confidence associated with their use, and the basis for decisions about priority actions
will be documented. Similarly, policy makers will be well informed about the limitations of
the models selected.
The sequencing and grouping of potential actions and projects will allow the City to derive
a “short list” of sets of actions grouped by goal, objective and/or alignment with the
restoration guidelines in Chapter 2. These sets of actions will undergo final evaluation in
Step 8, during which the preferred set of actions will be selected. In essence, each set of
actions will be a different alternative, and only one alternative will be chosen for design and
implementation.
The City cannot know in advance what the “short list” of alternatives will be for a given
watershed. However, it is likely that as potential actions are identified, analyzed and
grouped, certain general types of alternatives that best meet the goals, objectives and
benchmarks will emerge. These alternatives could range from merely maintaining the
status quo (this would involve implementing only those projects that are currently in
progress and responding to land use changes that will result from population and
development over the next several decades) to full protection and restoration of all
ecological functions needed to support healthy, self-sustaining populations of salmonids.
Intermediate-level alternatives might involve protecting existing water quality and habitat
when this could be done cost-effectively;
enhancing stream flow, hydrology,
Selecting Actions
habitat and water quality throughout a
watershed; or some combination of these
Develop “long list” of potential actions
options, such as merely protecting
habitat in one reach but fully restoring
stream flow in another.
Pare down to “short list” of potential sets of

ª

actions, or alternatives

Step 8: Select the Set of Actions to Be
Implemented

ª
Identify preferred watershed health alternative, or

Step 8 involves selecting the set of
set of actions
actions to be implemented. This will be
Integrate economic
achieved by analyzing the “short list” of
and social factors
action alternatives identified in Step 7
and other City goals
Select alternative
and selecting the most appropriate
(set of actions) to implement
alternative considering both what is
required to best achieve watershed
health and what is practically achievable when other, nontechnical values are considered
(such as social and economic considerations).

ª
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Selection of actions to be implemented would be relatively straightforward if the only
considerations were cost and effectiveness in achieving watershed health objectives. In
reality, however, it is never that simple. Societal values, for example, come into play, or it
may be that the least expensive solution is not the best in terms of achieving watershed
health objectives. Final selection of actions to be implemented, particularly those that
require expenditures of public funds, that affect private landowners or that may be related
to other City values, must be conducted.

Evaluating Alternatives. Evaluation of the “short list” of alternatives and recommending a
preferred alternative may be accomplished by developing and applying a structured
decision-making tool that assesses the relative merits of each alternative, using a set of
evaluation factors and an objective scoring system. The selection may be facilitated by using
a structured decision-making process (see Appendix H).
The evaluation factors will reflect City of Portland values with respect to watershed health
and will be weighted according to the relative importance of each factor. For example, in
accordance with the restoration guidelines in Chapter 2, the evaluation factor “Protects
high-quality habitats” would likely be weighted more heavily than the evaluation factor
“Reestablishes biological communities.” Using this approach, alternatives would receive a
score for each evaluation factor, and the total score for each alternative would provide a
means of comparing the various alternatives.
Figure 3-4 shows a hypothetical example of factors that could be used to evaluate the
various alternatives, with the evaluation factors arranged to point to possible relative
weightings.
FIGURE 3-4

Hypothetical Example of Evaluation Factors and Their Relative Weightings for Use in Comparing Different Alternatives

This evaluation of alternatives will focus on watershed health values, along with key factors
associated with the implementability of actions, such as technical effectiveness, cost and the
likelihood of regulatory acceptance.
Simple, objective criteria can be established for each evaluation factor, to serve as the basis
for scoring. These criteria will likely be both quantitative and qualitative. For example,
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quantitative criteria may be available to rate alternatives with respect to habitat access and
availability, such as the number of acres of salmonid habitat that would be protected or
enhanced. Qualitative criteria would be applied when quantitative criteria are not available,
or to complement a quantitative measure, and would be in the form of index values (such as
1 to 5 or 1 to 10) or ratings (such as “excellent,” “good,” “fair,” and “poor”), accompanied by
clear narrative rationale. Both quantitative and qualitative criteria must identify the full
range of potential project performance and collectively define the basis for the evaluation
and prioritization of candidate sets of actions.
To facilitate the analysis of the alternatives, the City may use a
structured decision-making tool such as a multi-attribute
analysis. Such an analysis provides a systematic means of
applying and tracking the rating of alternatives based on
evaluation factors and criteria. Structured decision-making
processes that use a multi-attribute analysis have many
advantages, especially when the alternatives being considered
reflect competing values, the relatively “easy” decisions have
already been made and disparate benefits need to be compared.

Identifying the Alternative That Best Achieves Watershed Health.

Structured decision making is
helpful when the “easy”
decisions have already been
made, the remaining
alternatives reflect competing
values, and disparate benefits
need to be compared.
Structured decision making
clearly documents the
decision-making process so
that it is understandable to
other City bureaus, policy
makers and the public.

The “short list” of alternatives will include an alternative that
would best achieve watershed health objectives and benchmarks.
This particular alternative will deal purely with watershed health
needs related to technical elements (that is, stream flow, water
quality, physical habitat and biological communities), apart from consideration of costs and
other factors (such as social and economic considerations). Integration with those other
nontechnical elements of City goals occurs later in this step. By first identifying the
alternative that would best achieve watershed health, the City can clearly understand what
it would take to truly achieve watershed and river health, even if important social and
economic factors were not considered.
It is likely that selecting the preferred alternative will require additional analysis and
modeling (such as with the tools described Appendix H) to help determine the relative
effectiveness of different alternatives. The analysis will probably include a structured
decision-making process as outlined below. Such a structured process would provide a
rigorous and repeatable method for selecting a preferred alternative and would allow the
basis for decisions to be clearly documented.

Considering and Incorporating Other City Values When Selecting Actions to Be Implemented.
After identifying the alternative that would best achieve
watershed health, but before final selection of actions that will be
implemented, there is one very important additional analysis
task: considering other City values and incorporating those
values into the watershed management process. The steps taken
to this point are intended to provide accurate, scientifically based
information about possible watershed restoration actions.
However, this final analysis task considers the selection of
actions within a larger context of decision making at the City of
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the evaluation prior to final
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Portland—a context that includes public debate; consideration of social, economic and other
goals, such as public health and safety, neighborhood livability and aesthetics; and policy
decisions that reflect the City’s ability to achieve watershed health in light of the actual costs
of doing so.
The City is working to improve its ability to assign economic values to ecosystem services.
These are quantifiable services that an ecosystem provides to people, including provisioning
services, such as food and water; regulating services, such as flood control; cultural services,
such as recreational and cultural benefits; and supporting services, such as habitat for fish
and wildlife. Resource economists assign monetary values to these services to estimate the
economic value of a healthy ecosystem.
For example, the City recently completed a case study to improve its ability to assign
economic values to ecosystem services using a proposed flood mitigation and wetland
enhancement project in the Lents neighborhood of Portland. This case study estimated the
values of flood protection, bird and salmonid habitat, air pollution removal, water quality
improvements, increased property values and recreational opportunities. Values assigned
to ecosystem services in this case study provide a starting point for assigning economic
worth to these services citywide, and the study serves as an informative demonstration of
cost-benefit analysis. Appendix H presents additional information on available tools for
ecosystem cost-benefit analysis, such as the Net Environmental Benefit Analysis, or NEBA.
For incorporating other City values in this final analysis, the City of Portland will
investigate structured, multiple-objective methodologies21 for possible use in assessing the
potential success and desirability of preferred alternatives vis-à-vis other competing City
goals and objectives. Such a tool would be designed to assist stakeholders and decision
makers in understanding the socioeconomic and environmental impacts of various
restoration options at both the local and watershed levels.
At this point, the preferred alternative will be selected and the
actions that constitute that alternative will be incorporated into
the watershed management plan for the watershed in question.

Completing the Watershed Management Plan and Related
Documents. At the conclusion of Step 8, the City of Portland

The City of Portland will
prepare watershed
management plans that lay
out actions and projects,
such as on-the-ground capital
improvement projects, necessary to achieve watershed
health. Additional plans and
documents may also be
needed to carry out recommended actions and comply
with federal and state laws.

will complete—for each watershed—a watershed management
plan and related documents that lay out actions and projects
necessary to achieve watershed health goals, objectives and
initial benchmarks.22 These may include, for example, capital
improvement projects, new or amended development codes,
land acquisition, or incentive, education and stewardship
programs that will be consistent with the watershed plans.
Additional plans and documents will need to be developed for compliance with federal,
state or regional regulations. These could include a water quality management plan, a

21 An example of such a methodology is the RESTORE Decision Support System (DSS) (Lamy and others 2002), which is
being used for multi-objective decision making in several watersheds in the Willamette Basin and may be adaptable to meet
the City’s needs.
22 Because this process is iterative and takes place over time, additional sets of actions to achieve future benchmarks will be
identified.
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habitat conservation plan, refinements of the TMDL management plan for a given stream,
modifications of the Stormwater Management Manual (City of Portland Bureau of
Environmental Services 2000), and Comprehensive Plan amendments, for example.
Adoption of these other plans, programs or compliance documents would be accomplished
through processes separate from those used to develop the watershed management plans.

Results: Implementing and Monitoring Watershed Projects and Actions
In the last two steps of the watershed management process, the selected actions are
implemented and monitored for success. The following section summarizes these steps,
which can be described only broadly because the specific needs in the results stage depend
heavily on the findings and outcomes of the characterization and solutions stages.

Step 9: Implement the Selected Set of Actions
Sequencing of Actions. The City of Portland will sequence implementation of actions and
projects as recommended in Step 7 and selected in Step 8 of the watershed management
process. Sequencing of actions and projects will be based on several factors:
•

The severity of environmental problems, as indicated by magnitude, frequency,
duration of occurrence, etc.

•

The restoration guidelines presented in Chapter 2. These give preference to actions that,
for example, protect existing functioning habitats, improve connectivity to these habitats
and focus restoration actions on the processes that create and maintain watershed
health.

•

Implementability, which encompasses technical feasibility and cost. Technical feasibility
includes how effective and durable the action is likely to be and whether the action has
strong community and regulatory agency support.

3-34

DECEMBER 2005

MANAGING WATERSHEDS

MANAGING PORTLAND’S WATERSHEDS

•

Regional considerations. This includes coordination with other jurisdictions to ensure
effectiveness, minimize cost (perhaps), enhance restoration and recovery at the regional
scale and anticipate any counteracting activities.

•

Other City of Portland goals, plans and fiscal priorities.

Implementing the Selected Set of Actions. As an outcome of Step 8, the watershed
management plans will call for implementation of a variety of voluntary and mandatory
actions such as tree planting, habitat restoration, development of pollution reduction
facilities and other capital improvement projects, as well as regulatory and nonregulatory
programs. Various City of Portland bureaus and stakeholders will be involved in helping to
plan, design, install, operate or maintain these actions or projects.
As noted earlier, the watershed management plans may also generate new plans and
documents, such as a water quality management plan, a habitat conservation plan or
Comprehensive Plan amendments, among others. Many of these will undergo their own
public review or other institutional processes for adoption or approval.
Implementing actions involves leadership, communication and consensus building with
stakeholders about the selected watershed actions and their purposes. It also involves
administrative and technical tasks, such as ensuring that actions are implemented, projects
are designed and installed properly, permits are obtained, funds are secured and spent
appropriately, implementation proceeds on schedule, projects are maintained and public
education is taking place.
Actions that involve land acquisition or that otherwise affect land use may be particularly
complicated, and strong incentives may be needed to help implement such actions. For
example, tax incentives, technical assistance, cost sharing and collaboration with other local
governments and private enterprises can be useful in garnering support and assistance.

Step 10: Monitor and Evaluate the Success of Actions
Adaptive Management. Knowledge about watershed and ecological processes and the effects
of urban development is imperfect, particularly with regard to the effects of urban
development. Although ongoing research continually
improves understanding of watershed and ecological
Implementing the preferred
processes and sensitivities, uncertainty remains. Adaptive
actions will test the
management provides a process by which course corrections
assumptions and knowledge
can be made as new knowledge is gained.
on which the watershed

This Framework explicitly describes the City of Portland’s
management process is
assumptions about ecological principles and the presumed
based. As the effects of the
actions are monitored and
relationships among several ecological indicators and
new knowledge is gained, the
watershed health. It also seeks to make clear how the City
will evaluate the benefits and risks of specific actions and the assumptions will be refined.
technical basis upon which the City will make its watershed
management decisions. Making these assumptions explicit allows those engaged in the
management process, as well as interested stakeholders and regulatory agencies, to evaluate
the City’s assumptions and use them as a basis for further decision making. Explicit

MANAGING WATERSHEDS

DECEMBER 2005

3-35

MANAGING PORTLAND’S WATERSHEDS

disclosure of assumptions enables those assumptions to be questioned and tested to ensure
that they are reasonable and consistent with existing information.
The City cannot predict absolutely the effect an action will have on watershed health, so it is
necessary to incorporate adaptive management into the implementation of watershed
management plans. Where the effects of an action may not be predictable absolutely,
adaptive management can be used to test important assumptions, reduce uncertainties and
inform expectations and adaptive management decisions. Adaptive management ensures
the flexibility and feedback needed to make sound decisions that will lead to achievement or
appropriate revision of long-term watershed goals and objectives. Flexibility and feedback
also are necessary so that decisions can be revisited in light of new information or
unforeseen circumstances, and so that unsuccessful actions and unattainable objectives can
be replaced with more realistic and durable ones.
Successful adaptive management requires several elements:
•

Clear and measurable objectives

•

An accurate and comprehensive characterization of existing conditions

•

Benchmarks, or intermediate values with timelines, that define
the rate at which objectives should be approached

•

A comprehensive, well-designed monitoring program that
includes the watershed indicators

•

Regular review of monitoring results and a feedback
mechanism by which actions can be adjusted if progress toward
objectives and benchmarks is inadequate or if objectives and
benchmarks need to be revised

If assumptions about
ecological principles,
indicators and watershed
health are explicit, they can
be evaluated and used as a
basis for further decision
making by the City,
stakeholders and regulatory
agencies.

The Importance of a Monitoring Program. Progress in meeting the
benchmarks and ultimate objectives cannot be measured without a comprehensive
monitoring program that addresses the major components of watershed health. The City of
Portland currently conducts extensive monitoring that addresses many of these components
(see Table 3-6 and Appendix C). The City also is reviewing existing monitoring efforts to
improve the extent to which they monitor progress toward objectives. Each watershed
management plan will further define the monitoring components and the appropriate
spatial and temporal scale needed to adequately evaluate the degree to which watershed
health meets objectives within the watershed.
Perhaps the most obvious and yet most
neglected aspect of adaptive management is
regular comparison of monitoring data with
the benchmarks and objectives. This
comparison is necessary to analyze the
success of actions in meeting benchmarks and
to change actions when progress toward
objectives is unacceptable.
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Monitoring is the process of measuring the
chemical, physical or biological
characteristics of various environmental
indicators. Monitoring can be conducted in a
variety of media, such as water, air, soil or
sediments.
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Part of the reason that this aspect is often underdeveloped within adaptive management
programs is that it is difficult to develop—in advance—an objective feedback system that
will adjust actions based on monitoring results. For example, it is difficult to define how
close a monitoring result must be to a benchmark to be considered successful. Also, it is not
possible to predict ahead of time all the ways in which an action could fail, or to determine
alternative approaches that should be attempted, unless one has information on why the
action might have failed or the benchmark was not met. Actions can fail for many reasons:
there was a lack of follow-through or implementation, the causes of problems were not
adequately understood, solutions were not appropriately designed to address the causes,
inappropriate assumptions were made about the watershed or the effectiveness of a
solution, the rate at which improvements in watershed health can occur were poorly
understood, or actions (or inactions) of other entities affected the watershed in
unanticipated ways. It may also be that confounding influences in other parts of the
watershed negated the positive aspects of the action.
The City of Portland intends to use the following procedures to incorporate monitoring
results into watershed actions, to improve their effectiveness in meeting objectives:
•

Summarize monitoring data on a regular basis, compare these results to benchmarks,
objectives and previous results and disseminate these results broadly to technical
reviewers and stakeholders. Use these analyses to adjust actions, objectives or
benchmarks appropriately.

•

Periodically conduct workshops in which extensive analysis of monitoring results and
their implications for the success of actions are discussed. Develop recommendations on
how actions should be changed to better meet objectives.

•

For components of watershed health that do not appear to be meeting their benchmarks
or objectives, adjust actions by:
−

Reviewing information used to identify sources or causes of a problem, identifying
uncertainties and data gaps in source identification, and collecting improved
information where uncertainties or data gaps may have resulted in the application of
inappropriate solutions.

−

Evaluating the design, assumptions and effectiveness of solutions. Use emerging
research to improve or replace ineffective solutions.

−

Researching and updating the scientific foundation (Chapter 2), the indicators and
the conceptual understanding of the watershed on which the indicators are founded
(Appendix G).

−

Using emerging research and monitoring data to test and refine the models used to
prioritize problems, identify sources and identify solutions (Appendix H).

−

Evaluating and revising the objectives over time to ensure that they reflect the best
available science on the conditions required for watershed health. There may be
cases where an objective is scientifically appropriate but unattainable because of
practical constraints within a reach or watershed. In these situations the City of
Portland may evaluate the objectives for that reach on a case-by-case basis to
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determine whether the objectives should be adjusted to reflect practical constraints
or whether future advances in restoration methodology may eventually ease these
constraints.
Through this approach of setting clear and measurable benchmarks and objectives,
continually evaluating conditions and using information on progress toward benchmarks
and objectives to adjust actions, the City of Portland will apply emerging information and
an evolving understanding of watersheds and restoration technologies to improve
restoration approaches over time.

Types of Monitoring. Monitoring and evaluation are the foundation of adaptive
management. The purpose of monitoring and evaluation is to guide watershed
management toward actions that contribute to the achievement of objectives while
managing risk. There are typically four essential types of monitoring:
•

Implementation monitoring assesses whether activities or projects have been carried out
as planned.

•

Effectiveness monitoring determines the extent to which the completed actions are
functional and working. Effectiveness monitoring requires that the conditions
influencing performance be assessed and that actions or measures be implemented
properly.

•

Compliance monitoring is a type of effectiveness monitoring that determines whether
specific performance standards are being met. The location, frequency and method of
measurement may be specified as part of the performance standard.

•

Validation monitoring measures the extent to which the implemented actions have been
successful at achieving the benchmarks, objectives and ultimate goal (such as protecting,
enhancing and restoring target aquatic and terrestrial species and biological
communities to maintain biodiversity in Portland’s watersheds).

The City of Portland will be monitoring environmental indicators developed for use in
determining the City’s progress in achieving its watershed health goals, objectives and
benchmarks. These indicators will be particularly relevant for effectiveness and validation
monitoring, which indicate whether implemented actions are working as expected and
contributing to achievement of the City of Portland’s goals. The City also will monitor
implemented solutions to support implementation monitoring.

Monitoring and Evaluation Strategy. The City’s strategy for
monitoring and evaluation to facilitate adaptive management will
consist of several elements:
•
•
•
•
•
•
•
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A data gathering strategy, including scales and protocols
Monitoring locations
Monitoring parameters and methods
Data quality assurance and quality control
Data collection
Data analysis and evaluation
Timetable, staff and funding requirements
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The monitoring projects needed for Step 10 of the watershed management process will not
necessarily be stand-alone efforts; rather, the monitoring will build on existing monitoring
programs that the City of Portland already is conducting as part of the management of its
water, sewer and other resources and facilities. In some cases, monitoring data that will be
needed for Step 10 are already being collected via current monitoring efforts. In other cases,
needed monitoring data will be obtained by revising or augmenting existing monitoring
activities. In some instances, new, independent monitoring projects may be needed.
Data analysis and evaluation needs will be an explicit element of data monitoring strategy
and design for determining sampling parameters, methods, locations, frequencies,
conditions, and so on. The City recognizes that natural variability is inherent in natural
systems. In addition, the City’s monitoring and evaluation strategy for characterization of
existing conditions will strive to account for such variability, including analyzing results in
statistical or probabilistic terms. Types of monitoring that the City of Portland currently
conducts and that may be useful in Step 10 of the watershed management process are listed
in Table 3-6. Future efforts may include (for example) monitoring of invasive plant species
and native wildlife.
TABLE 3-6

Examples of Types of Monitoring (by Purpose) Being Conducted by the City of Portland
Type of Monitoring

Type of Monitoring

Treatment processes (influent or effluent monitoring)

Discharge monitoring

Compliance monitoring (TMDL, National Pollutant
Discharge Elimination System [NPDES], ESA, others)

Maintenance-generated sediment quality analysis (from
stormwater facilities and sumps)

Spill identification and tracking

Groundwater level and quality analysis

Waterways sediment risk evaluation

Public health and safety—bacteria at contact use sites

Water quality and quantity facility monitoring

Physical systems characterization (stream
geomorphology, flow characteristics)

Assessments of operation and maintenance practices for
water quality effectiveness

Precipitation and other metadata

Mixing zone analysis

Pollutant source identification (chronic)

Ambient water quality evaluation

Flow monitoring (in-system and surface water)

Stormwater quality associated with facilities

Tree canopy
Fish presence

Ensuring That City Actions Are Compatible with Watershed
Health Goals
The watershed management process described in this chapter will result in the creation of
comprehensive watershed management plans and related
documents for each of Portland’s key urban-area watersheds
The watershed management
and waterways: the lower Willamette River, the Columbia
plans are designed to be the
Slough and Johnson, Fanno and Tryon creeks.
City’s key resource for
The watershed management plans will present information
about conditions in Portland’s watersheds and the goals,
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objectives and benchmarks for watershed health; they also will identify restoration and
protection actions that would improve watershed health.
In addition to laying out the actions that need to be taken, the watershed management plans
will provide guidance and suggest changes in the way the City of Portland conducts various
activities and projects that affect watershed health. The watershed management plans will
be designed to be the City’s key resource for ensuring, to the greatest degree possible, that
programs and actions are compatible with watershed health goals.

Beyond Watershed Management Plans: Additional Guidance
Healthy watersheds will not be achieved and maintained simply by developing watershed
management plans and implementing approved actions. The City of Portland must also
consider the effects of programs, practices and projects that are
Because transportation plans, not in and of themselves developed for, or focused on,
capital improvement projects, achieving watershed health. These include transportation
plans, capital improvement projects that are not a result of the
urban renewal, land use
watershed management planning process, the City of
reviews and other City
activities have the potential to Portland’s Comprehensive Plan and codes, urban renewal
plans, land use reviews, permitting and enforcement,
affect watershed and river
health, they, too, need to be
vegetation management and operations and maintenance.
compatible with the City’s
Because all of these activities have the potential to affect
watershed and river health
watershed and river health, they need to be compatible with
goals.
the City’s watershed health goals, objectives and benchmarks
and approved watershed management plans and actions to the
extent possible. The alternative is to make a deliberate, explicit and documented decision—
in a public process—to act in a manner inconsistent with the watershed health goals and
provide appropriate mitigation.
Guidance for City bureaus will be provided in many forms, such as
technical guides and memoranda, day-to-day technical assistance,
training sessions, workshops, policy manuals and budget
adjustments. The City’s Endangered Species Act Program will assist
other bureaus in navigating the federal ESA permitting process and,
together with the Bureau of Environmental Services (BES), can serve
as a resource for the bureaus whose actions are most likely to affect
watershed health. Appendix B describes the primary federal, state
and regional laws related to watershed health and the City’s
obligations under those laws.

Technical memoranda, dayto-day technical assistance,
training sessions, workshops
and policy manuals will
provide additional guidance
to bureaus whose actions
affect watershed health.

On a day-to-day-basis, there will be opportunities for interbureau collaboration in the early
stages of projects. For example, BES can work with the Transportation Bureau to prioritize
and apply for federal funding for road and bridge retrofit projects to capture stormwater
runoff and can work with the Endangered Species Act Program to improve fish passage.

Identification of CIP Projects
Another ongoing effort that warrants special mention is capital improvement program (CIP)
projects that have a high probability of affecting watersheds, rivers or biological
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communities. Identifying such CIP projects involves working closely with CIP committees
across the City, to answer four questions:
•

Does the CIP project involve any instream work in the Willamette, Tryon, Johnson,
Lower Columbia Slough, Stephens, Balch, Saltzman or Miller Creek waterways?
(Current or proposed ESA-listed species are known to occur in these areas.)

•

Does the CIP project involve manipulation or disturbance of land or vegetation within
300 feet of any of the above waterways?

•

Does the CIP project involve the discharge of any water or material into the above
waterways, or diversion of any water or material out of the above waterways?

•

Is there a risk that the CIP project could by accident involve instream work, the
manipulation or disturbance of land or vegetation within 300 feet of the above
waterways, the discharge of water or material into the above waterways or the diversion
of water or material out of any of the above waterways?

CIP projects for which the answer to any of these questions is “yes” have the potential to
require more formal consultations with the regulatory agencies (that is, the U.S. Army
Corps of Engineers, NOAA Fisheries and the USFWS).

Compatibility Process for Major New and Ongoing Projects
Because the City of Portland is a dynamic, ever-changing place, new City projects, plans and
actions periodically will be proposed and implemented while the initial watershed
management plans are being developed and after they are approved. If new projects are
proposed before the watershed-specific objectives, benchmarks and plans are approved,
those projects will need to be planned, designed and implemented in a manner that is
consistent with the scientific principles, restoration guidelines and watershed health goals in
the Framework. Projects that are proposed after the watershed management plans are
approved will need to be consistent with watershed-specific objectives and other aspects of
the watershed management plans. It is not enough to plan a project, only to find out late in
the process that the project is inconsistent with an approved watershed management plan,
or that it must be redesigned to obtain a state or federal permit. Nor is it enough for a
project merely to state its intention to be consistent with watershed goals. Rather, it is
necessary to have a process that ensures, or institutionalizes, consistency with watershed
health goals to the greatest degree possible.
Such a process is presented below. Adapted from the basic
watershed management steps described in this chapter, it can
be applied by any bureau, program or project team on specific,
major23 new projects at the City of Portland to ensure that the
projects are consistent with the City’s goals for watershed and
river health. The steps are as follows:

From the start, new City
projects must be planned so
that they are consistent with
the City’s goals for watershed
health.

23 The City of Portland will define “major” by identifying criteria that would trigger required participation in this process. Criteria
could include, for example, habitat restoration projects of a certain size; projects that must use “scientifically based”
approaches to planning, management, decision making or implementation; and projects that have the potential to affect water
quality, water quantity, instream habitat, listed salmonid species, biological communities or other watershed health parameters.
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•

Review the watershed management plans to determine which watershed health goals,
objectives and benchmarks are applicable to the project.

•

Determine how the project can help achieve watershed health goals, objectives and
benchmarks. Incorporate appropriate project goals related to watershed health.

•

Include in the scope of work a work plan for the project that includes coordination with
applicable watershed management plans (or other relevant projects and plans) at key
points, such as the issuance of Requests for Proposals and public involvement planning.
Look for opportunities to share data, combine efforts, reduce potential conflicts and
maximize efficiencies. Coordinate as early as possible with the Natural Resources Team
regarding local, state and federal permits.

•

Make use of existing information about conditions within the project area, especially
information that has been gathered via the characterization phase of the watershed
process.

•

When designing the new project, incorporate relevant policies and recommendations
specified in the watershed management plans, to the extent possible. Ensure that project
elements are compatible with (and certainly not inconsistent with) approved watershed
management plans.

•

Use modeling tools (see Appendix H) and other quantitative and qualitative methods to
determine the probable positive and negative effects the new project will have on
watershed health (as expressed in objectives and benchmarks for selected indicators).

•

Redesign or adjust the new project as necessary to help achieve the benchmarks for
selected indicators, or select alternatives that best help achieve those benchmarks.

•

Monitor the implementation of the project to determine how successful it is in achieving
its watershed-related goals and objectives and how compatible it is with the City of
Portland’s watershed and river health goals. Coordinate monitoring efforts with those
of the natural resource bureaus that are responsible for watershed management.

•

Apply adaptive management throughout the life of the project.

To facilitate the planning of major new projects so that they are compatible with watershed
health, the City’s natural resources staff will provide training and develop documents that
can guide City bureaus and offices through this process. Such training and guidance
documents will specify the responsibilities of each bureau and office, provide reference
materials and procedural checklists and list City staff who can serve as resources.

Program Assessment: Compatibility of All City Programs with Watershed Health
Goals
The City of Portland should establish a process for periodically evaluating its programs,
plans, practices and projects to ensure—to the greatest degree possible—that (1) existing
and future City of Portland programs, plans, projects and practices do not adversely affect
watershed health, and (2) that they are consistent with approved watershed management
plans and watershed health goals, objectives and benchmarks. This process would involve
the following:
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•

Identifying City bureaus and offices whose activities have the potential to affect
watershed health, both positively and negatively. In general, these are the bureaus that
are represented on the River Renaissance Management Team: Planning, Development
Services, Water, Transportation, Parks, Environmental Services, Fire, Office of
Sustainability and the Portland Development Commission. This list is based on an
initial evaluation performed by Beak Consultants Incorporated in 1998 (Assessment of
City of Portland Activities for Potential to Affect Steelhead) and will need to be updated as
City activities change over the years.

•

Identifying bureaus and offices that have specific programs, plans, practices and/or
projects that could affect watershed health through policy adoption, funding and/or
implementation. Again, the Beak report (Beak Consultants Incorporated 1998) provides
an initial assessment that for some bureaus and offices may be a starting point for this
task.

•

Evaluating those bureaus’ and offices’ programs, plans, practices and/or projects in
terms of the following and presenting the information to the City Council for
endorsement and consideration of funding requests:

•

−

Purpose and authorization.

−

Key activities.

−

Potential beneficial and negative impacts to watershed health.

−

Relationship to City watershed health goals as established in watershed
management plans and the City’s Comprehensive Plan.

−

Methods to avoid, reduce or mitigate potential adverse impacts. These methods
could include adjusting the bureau’s mission, programs or procedures or
implementing new rules and codes.

−

Methods to identify opportunities to enhance watershed health through the
identified programs, plans, etc.

−

Funding and other resources required to avoid, reduce or mitigate potential adverse
impacts and to enhance watershed health.

Reporting the results of this periodic program assessment to the City Council on a
regular basis, coinciding with budgeting efforts.

If necessary, the City’s natural resources staff will provide technical assistance to the
identified bureaus and offices in completing the process of determining whether their
activities are compatible with the City of Portland’s watershed health goals.
The above process is not intended to be onerous or rigid. Rather, it is a way of periodically
checking to see whether City bureaus and programs are—overall, and on balance—applying
the principles of watershed management to both their everyday activities and their longrange programs. If not, City bureaus can then make adjustments in their operations to
enhance watershed health.
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