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Executive Summary

The Seattle Public Utilities (SPU) is developing an asset management plan for the Tolt
River Levee Restoration and Habitat Preservation Project. At the same time, a project
team of ecological economists from the Earth Economics (formerly APEX) and the Gund
Institute for Ecological Economics (GIEE) worked with the SPU staff to estimate the
economic value of the ecological goods and services provided annually by:

1) the entire 63,800 acre Tolt River watershed,

2) the portion of the south fork of the Tolt River (lower basin) owned by SPU;

3) the portion of the south fork of the Tolt River (upper basin) owned by the US
Forest Service, as well as a combined value of SPU and USFS lands;

4) the proposed Tolt River Levee Restoration and Habitat Preservation Project
including the value of ecological goods and services provided by the site
before and after restoration as well as the net benefits of the project;

5) the San Souci Reach area upriver from Carnation, as delineated by SPU; and

6) the Hancock Easement, a six mile strip of land between 150-300 feet from the
Tolt River, as identified by SPU, which would double the riparian buffer from
the current 150 foot riparian buffer.

SPU manages substantial land holdings in the Tolt River watershed with natural assets
providing a suite of 23 highly valuable ecosystem goods and services. Except for water
supply and water filtration, SPU does not charge for most of the public goods and
services it provides. Although rendered for free, these ecological goods and services are
valuable. The Tolt River watershed provides flood protection, natural drought mitigation,
nutrient flows, biodiversity, salmon habitat, aesthetic value, and other public goods and
services. Most of these highly valuable services are public services which are non-
excludable, benefiting everyone.

A public utility is the most efficient institution for managing the full suite of public
ecosystem goods and services within a watershed. A private firm will maximize returns
from privatized ecological goods, such as timber, and degrade public goods such as flood
protection, recreation, and biodiversity. A watershed, or environmental, public utility
could manage a watershed to maximize the pubic benefits from the full suite of public
goods and services at least cost. The utility could provide efficient management of public
and privatizable goods and services at the required watershed scale.

Asset management decisions which involve water or other ecosystem goods and services
should be informed by the best available understanding and analysis of the relationships
between watershed ecosystem health and the provision and value of watershed goods
(like water) and services (including salmon habitat, refugium and nursery services). This
is what SPU commissioned Earth Economics to do in this report.



Methods

Partnering with GIEE, Earth Economics utilized the best economic methods currently
available for estimating the value of ecological goods and services. Acreages of
vegetation types in Geographic Information System (GIS) data, provided by SPU staff,
were used with a benefit transfer methodology. This methodology is based on peer
reviewed academic journal articles in order to estimate the high and low dollar value
range of a list of 23 ecosystem services produced within the acreage of each vegetation
type. These values were then summed for an initial rough-cut total valuation of
ecosystem goods and services provided annually by each area. These values were then
modified according to the particular area of the Tolt River watershed being examined.
The present value (PV) was then calculated from the estimates of the annual flow of
ecosystem benefits using several discount rates for comparison.

Results

1. The Entire Tolt River Watershed: Earth Economics estimated the range of annual
value for ecosystem services provided across 63,800 acres of the Tolt River watershed at
$368-1,364 million. This yields a present value (PV) of $5.6-20.9 billion at a 7% discount
rate. Using a 3.5% discount rate, more commonly used for renewable and self-sustaining
ecosystem services, yields a range of $10.9-40.3 billion. Benefits with a 5% and zero
discount rate were also calculated. With any discount rate, these numbers are large. The
methods for estimating the ecosystem service values were inherently conservative.

2. SPU lands in the South Tolt (Lower Basin): The 8,373 acres of the SPU lands in the
lower basin of the Tolt River watershed provide an estimated range of annual ecosystem
benefits of $40.8-148.1 million. The range of present values at a 7% discount rate is $0.6-
2.3 billion, $0.9-3.1 billion at a 5% discount rate, or $1.2-4.4 billion at a 3.5% discount
rate.

3. Forest Service Lands in the South Tolt (Upper Basin): The 3,689 acres owned by
the US Forest Service were estimated to produce an annual range of benefits of $22.3-
80.4 million with present values of $0.3-1.2 billion (7% discount rate), $0.5-1.7 billion
(5% discount rate), and $0.7-2.4 billion (3.5% discount rate). The combined valuation of
SPU and US Forest Services lands ranges from $63.2-228.5 million annually. The
estimated combined present value of ecosystem goods and services produced by the SPU
and US Forest Service lands is $1.0-3.5 billion (7% discount rate), $1.3-4.8 billion (5%
discount rate) and $1.9-6.8 billion (3.5% discount rate).

4. Proposed Tolt River Levee Restoration and Habitat Preservation Project: Earth
Economics examined and valued the Tolt River Levee Restoration and Habitat
Preservation Project ecosystem services provided by the site in current conditions (levied
off from the Tolt River), followed by valuations of the projected future conditions after
project completion. The net benefits of the project in terms of annual ecosystem services
provided are estimated to range from $134,000-484,000. This provides a present value of
$2.1-7.4 million at a 7% discount rate, $2.8-10.2 million at 5%, or $4.0 -14.3 million at a
3.5% discount rate. This analysis does not include the benefits of successful early actions



and avoidance of a Chinook salmon endangered species listing, which would be
substantial and additional to the benefits demonstrated in this study.

Both the high and low estimates of ecosystem services are likely underestimates of the
true value. Some identified services could not be valued. The others that were valued are
likely higher, for example water purification, in the Tolt River than watersheds in which
the studies originate. Some non-market valuations captured only partial values. Further,
the values of ecosystem services are generally rising rapidly due to increasing scarcity. In
the case of recreation service, the upper watershed is likely overvalued and lower
watershed likely undervalued, with an ambiguous net result. The large ranges of value
reflect the fact that benefit transfer methodology is an inexact science with significant
uncertainty and variability. With ongoing research, the ranges for these estimates will
close.

The levee restoration and habitat preservation project appears to be justified based on the
public benefits and value provided by ecosystem services alone. The investment in the
restoration of natural riparian processes in the lower Tolt River is more than an
investment in Chinook salmon restoration. It is an investment in natural capital and the
full suite of public benefits, from flood protection to aesthetic value, which a healthy Tolt
River watershed provides.

5. San Souci Reach Area, As Delineated by SPU: San Souci Reach on the Tolt River
comprises 57 properties, totaling 77 acres upstream from the town of Carnation. This
land was estimated to produce a total range of annual ecosystem benefits of $221,000-
828,000. The ranges of present value for this annual stream of benefits are estimated at a
7% discount rate to be $3.4-12.7 million, or $4.6-17.4 million at a 5% discount rate, and
$6.5-24.5 million at a 3.5% discount rate.

6. Hancock Easement, As Identified by SPU: Earth Economics valued 186 acres along
a six mile length of the Tolt River San Souci Reach (just upriver of the town of
Carnation) currently owned by the Hancock Timber Resource Group. This 186 acre strip
of timberlands extends beyond the current 150-foot buffer from the river’s edge to 150-
300 feet from the Tolt River, for a six mile reach. Acquisition of an easement on these
lands would increase protection for the San Souci Reach. The range of value for
ecosystem services provided by this additional buffer was calculated to be $1,207,000-
4,453,000 annually with a present value of $18.5-68.1 million at 7% discount rate, $25.4-
93.5 million at 5% discount rate, and $35.7-131.7 million at 3.5% discount rate.



Introduction

This ecological economics analysis aims to complement the Seattle Public Utilities (SPU)
Asset Management Project Development Plan with a valuation of the ecological goods
and services generated within the Tolt River watershed. It examines the enhanced value
of ecosystem services that are expected upon completion of the Tolt River Levee
Restoration and Habitat Preservation Project. The restoration project is a voluntary effort
to preserve and restore Chinook salmon spawning habitat at the confluence of the Tolt
and Snoqualmie Rivers. In addition, Earth Economics examines ecosystem services
provided by the San Souci Reach and Hancock buffer easement along the Tolt River
upriver from the community of Carnation, Washington.

This study supports a triple bottom line approach, identifying natural capital assets, goods
and services produced by this capital, as well as the value of these goods and services.
These ecosystem service valuations for SPU build off recent work completed by Batker,
et al. (2005) in support of salmon habitat restoration for the Water Resource Inventory
Area 9 (WRIA 9) Steering Committee and the King County Dept. of Natural Resources.

Asset management has typically focused on “built capital” and financial assets.
However, water and electric utilities, and flood and storm-water districts, are critically
dependent not only on built facilities but also on “natural capital” for provision of water,
drainage, electricity, flood protection and other goods and services. Watersheds under
SPU management provide a range of 23 identified categories of ecological goods and
services. A better understanding of the relationships between watershed ecosystem
health and the provision and value of these goods and services can inform asset
management decisions.

The sections that follow describe the key concepts for including natural capital in asset
management decisions (Section 1), study approach (Section 2), findings (Sections 3-6)
and conclusions and recommendations (Section 7).

1. Key Concepts

The field of economics has advanced greatly in recent years. The methods, tools and
techniques for measuring the value produced by natural systems have improved greatly
since 1985. As the field has developed, new concepts like “natural capital” and
techniques such as ecosystem service valuation have advanced. Many of these concepts
are evolving rapidly.

Below is a basic discussion of the key concepts that were used in preparation for the
methodology and results of the study.



1.1 The Inclusion of Natural Capital in Asset Management

Ecosystems and natural resources, or natural capital, were deemed in the past as virtually
limitless compared to human-built capital. They were then considered as “free” and
therefore of no value. Natural capital is now scarce and getting even scarcer. Valuing
natural capital helps decision makers identify costs and benefits, evaluate alternatives,
and make effective and efficient management decisions. Excluding natural capital in
asset management can result in significant losses, increased costs and overall
inefficiency. Consideration of the full suite of ecological goods and services produced by
watersheds and lands under SPU management as part of asset management would place
SPU at the global forefront of natural capital asset management and increase the quality
and productivity of service provided.

1.1.1 Natural Capital

Natural capital comprises native plants and animals, topography, geology, nutrient and
water flows, and natural processes (stocks or funds) that nature provides, yielding a
valuable and regular return of benefits (Daly and Farley 2004). It contributes to our
economy and quality of life. It provides benefits such as provision of water, natural
water filtration, energy production, flood control, recreation, natural storm water
management, biodiversity, and education. The Tolt River watershed is natural capital.
This includes the topography, soils, timber, plants and wildlife, riparian and other
processes by which water, nutrients and wildlife move through the watershed producing a
variety of benefits to people. The Tolt River watershed should be considered as a natural
capital asset from a management perspective.

1.1.2 The Economic Nature of Natural Capital

Healthy ecosystems are self-maintaining and have the potential to provide valuable goods
and services in perpetuity. Incorporating ecological capital into asset management and
utility planning is of enormous importance. By including natural capital within asset
management planning, SPU is on the forefront of economic analysis. This is natural for a
utility that has provided clean drinking water filtered by ecosystems in the Cedar River
watershed for over a century. SPU is one of a few utilities that do not require filtration of
water. SPU is the only utility to own an entire upper watershed, the Cedar River
watershed. This natural ecosystem service of water filtration has saved rate-payers
tremendous amounts of money and has provided tremendous service. SPU has set a
global standard for water utility stewardship and good management.

Other utilities have only recently understood the full importance of ecosystems in the
provision and filtration of water. New York City uses over one billion gallons of water
each day. Facing degraded drinking water quality New York City weighed the options of
building a water filtration plant costing over $7 billion, or instead, of investing $1.5
billion to restore the health of the watershed and allow natural processes to filter the
water and meet drinking water standards. The City decided to invest in watershed
restoration which had a far higher rate of return and a less costly and less risky method
for meeting standards.



Seattle has long benefited from the “free” water filtration services that the Tolt and Cedar
River watersheds have provided. The following analysis examines the value of ecosystem
services produced in 63,800 acres of the Tolt River watershed and the net ecosystem
service benefits of the proposed Tolt River Levee Restoration and Habitat Preservation
Project, as well as values produced by the San Souci Reach and possible Hancock
easement that would further buffer the San Souci Reach as identified by SPU.

1.2 Ecological Productivity
1.2.1 Ecosystems and Value Production

Ecosystems have components and structure (trees, forests, soil, hill slopes, etc.) and
processes (water flows, nutrient cycling, animal life cycles, etc.) that create functions
(water catchments, soil accumulation, salmon runs) generating ecological goods and
services (salmon, timber, flood protection, recreation, etc.). Figure 1 shows this basic
relationship. Ecosystem infrastructure is defined as the physical components within the
boundaries of the ecosystem. The infrastructure itself is dynamic, as biotic structures
migrate and abiotic components flow through the watershed, often via air or water.
These functions vary widely in spatial boundaries (oxygen migrates globally, spawning
habitat is locally confined). Beneficiaries may be global (carbon sequestration), or local
(drinking water production). These structures, processes, and functions produce
economically valuable and essential goods and services.

Ecosystem :> Ecosystem :> Specific Ecosystem
Infrastructure & Processes Functions Goods & Services

Figure 1. Relationship of Ecosystems to Ecosystem Services

The proposed Tolt River Levee Restoration and Habitat Preservation Project reestablishes
the basic ecological processes necessary not only for Chinook salmon spawning but also
for the production of a larger basket of valuable ecosystem goods and services. Restoring
these ecological processes within a natural range of variability maintains structure and the
ecological goods and services that follow.

1.2.2 Ecosystem Goods

Ecosystems provide goods. Water, timber, fish, and wildlife are examples of these. Most
goods are exclusive, which means that if one individual owns or uses a particular good,
that individual can exclude others from owning or using the same good. For example, if
one person eats an apple, another person cannot eat that same apple. Excludable goods
can be traded and valued in markets. The production of goods can be measured by the
physical quantity produced by an ecosystem over time, such as the volume of water
production per second, board feet of timber production in a 40-year rotation, or the



weight of fish harvested each year. The current production of goods can be easily valued
by multiplying the quantity produced by the current market price. The stream of goods
provided by an ecosystem is a “flow of goods.”

1.2.3 Ecosystem Services

Ecological services are defined as “the conditions and processes through which natural
ecosystems, and the species that make them up, sustain and fulfill human life” (Daily et
al. 1997). Ecosystems provide a variety of services that individuals and communities use
and rely upon, not only for their quality of life, but also for economic production (Daily
1997; Costanza et al. 1997). Ecosystem services are measurable benefits that people
receive from ecosystems. The productivity of ecosystems in producing goods and
services is a result of ecosystem process, function, and structure.

These services include flood protection, recreation (hiking, biking, boating, swimming,
hunting, fishing, birding), nutrient recycling, biodiversity, aesthetic value, refugia, storm
protection and water control. Table 1 lists some ecosystem services and Appendix A
provides brief descriptions of specific ecological services.

Ecological services are oftentimes non-excludable. A healthy watershed provides
aesthetic value to anyone who looks at it. All people downstream benefit from the flood
protection afforded by a forested watershed as opposed to a scoured watershed. Many
ecosystem services, such as biodiversity, refugia, natural water filtration and storm
protection, are not sold in markets. The stream of services provided by an ecosystem is
referred to as a “service flux.” A flow of goods can be measured as quantitative
productivity over time while a service flux generally cannot. As a result, ecological
services are more difficult to measure and value than goods.

Table 1. Examples of Ecological Services (from Daily et al. 1997)

Purification of the air and water

Mitigation of floods and droughts

Recreation

Detoxification and decomposition of wastes

Generation and renewal of soil and soil fertility

Pollination of crops and natural vegetation

Control of the vast majority of potential agricultural pests

Dispersal of seeds and translocation of nutrients

Maintenance of biodiversity

Protection from the sun’s harmful ultraviolet rays

Partial stabilization of climate

Moderation of temperature extremes and the force of wind and waves

Support of diverse human cultures

Provision of aesthetic beauty




1.2.4 The Value of Ecosystem Services Relative to Ecosystem Goods

While the value of a service flux may be more difficult to measure, in many cases its
value may significantly exceed the value of the flow of goods. For example, a study of
Philippine mangroves showed that the services of storm protection and nursery functions
(85% of commercial fish species are dependent on the mangroves for a period of time
within their lifecycle) produced several times the value of shrimp aquaculture operations
which displaced the mangrove ecosystems (Boumans et al. 2004).

1.2.5 Process, Function, Structure and Value Production

The quality, quantity, reliability, and combination of goods and services provided by the
ecosystems within a watershed depend highly on the structure and health of the
ecosystems within the watershed. Structure refers to a specific arrangement of ecosystem
components. The importance of ecosystem structure can be understood through the
metaphor of a car. The steel, glass, plastic and gasoline that comprise a car must retain a
very particular structure to provide transportation service. Absent a car’s structure (a pile
of the same constituent materials), a “car” cannot provide a transportation service.
Salmon, for example, require certain processes, structures and conditions. Ecological
service production is more dependent on structure than the flows of goods. A single
species timber plantation may yield a flow of goods, such as timber, but it cannot provide
the same service fluxes, such as biodiversity, recreation and flood protection, as an intact
natural forest.

1.2.6 Integrated Ecosystems

A heart or lungs cannot function outside the body. The human body cannot function
without a heart and lungs. Good health requires organs to work as part of a coordinated
system. The same is true for ecosystems. Interactions between the components make the
whole greater than the sum of its individual parts. Each of the physical and biological
components of the watershed, if they existed separately, would not be capable of
generating the same goods and services provided by the processes and functions of an
intact watershed system (EPA 2004). In addition, ecosystem services are systems of
enormous complexity. Individual services influence and interact with each other, often in
nonlinear ways (Limburg et al. 2002).

1.2.7 Value Production “in Perpetuity”

Healthy, intact ecosystems are self-organizing (require no maintenance) and do not
depreciate. They can provide valuable ecological goods and services on an ongoing basis
“in perpetuity” and without cost to humans. A forest provides water control, flood
protection, aesthetic and recreational values, slope stability, biodiversity and other
services without maintenance costs. This differs from human-produced goods and
services (cars, houses, energy, telecommunications, etc.) which require maintenance
expenditures, dissipate, may depreciate, and usually end up discarded, requiring further
energy inputs for disposal or recycling. Destruction of ecosystem functions thus disrupts
an ongoing flux of valuable ecological services. Filling flood plains increases flooding.



When an ecosystem’s free natural flood prevention functions are destroyed, flood damage
will exact continuing costs on individuals and communities who must either suffer flood
damage, or pay for engineering structures and storm water infrastructure to compensate
for the loss. Without healthy ecosystems, taxpayers, businesses and governments incur
damage or costs to repair or replace these ecosystem services. When ecological services
are restored, the reverse dynamic can occur.

2. Ecosystem Services Approach

The Earth Economics team used a benefit transfer methodology with the GIS data
provided by SPU staff in order to estimate the value of ecosystem goods and services
produced in the Tolt River watershed. The Earth Economics team also examined the Tolt
River Levee Restoration and Habitat Preservation Project as a supplement to the Asset
Management Project Development Plan. This study helps identify further benefits and
costs associated with the protection and enhancement of Chinook salmon habitat. This
approach would also assist other SPU operations.

Valuation figures from the Gund Institute for Ecological Economics (GIEE) database
establishing per acre values for different categories of ecosystem services were used with
the SPU GIS data for each land cover type within the watershed, which were then
adjusted with ecosystem health coefficients. This provided estimates of the value of the
ecological services produced by the total of each land cover type within the watershed
and, in sum, the watershed as a whole.

Global figures are used where no local studies exist. The lowest global value in the
literature for an appropriate ecosystem service is used to estimate the low boundary,
while the highest global value determines the high boundary. As more data about the
values is placed in the model, the range narrows and more accurate figures emerge for
each locality.

2.1 Study Location

This study was conducted on the Tolt River watershed (approximately 63,800 acres)
which is in the foothills of the Cascade Range near Carnation, Washington and is
managed by SPU, the US Forest Service (USFS) and private timber companies. It
supplies approximately 30% of the drinking water of the population in the Seattle vicinity
(SPU 2004).

The water production originates out of the south fork of the Tolt River, which has about
12,000 acres. SPU owns about 8,373 acres of this area, or about 70% of the south fork
watershed. The USFS owns the remainder.



The Tolt River Levee Restoration and Habitat Preservation Project is a voluntary
proposed project for the restoration of the threatened Chinook salmon. The project area,
approximately 50 acres, is located at the confluence of the Tolt and Snoqualmie Rivers.

The San Souci Reach area, as delineated by SPU, includes 57 properties totaling 77 acres
just upriver from the town of Carnation. It does not include the Hancock Easement
discussed below.

The Hancock Easement as identified by SPU includes Hancock Timber Resource Group
timberlands in the Tolt River watershed along a six mile length of the Tolt River San
Souci Reach, just upriver of the town of Carnation. The area examined was a strip of 186
acres of timberlands extending an additional 150 feet beyond the current 150 foot buffer
from the river’s edge.

2.2 Brief Description of Approach

Earth Economics staff reviewed current literature on ecosystem services and goods
enhanced by salmon protection and restoration in the Tolt River watershed. The GIS
land cover data provided by SPU was examined in the context of the full suite of 23
ecosystem services. A benefit transfer methodology, a database of ecological service
studies housed at the GIEE, was used for high and low dollar valuation ranges for as
many services as possible in the Tolt River watershed area covered by the GIS data. This
GIS analysis is a snapshot of the Tolt River watershed’s ecosystem services. It is a static,
not dynamic, valuation. Changes in land cover as a result of natural and human-induced
processes may not be fully valued.

The team conducted analyses of the entire watershed, the SPU owned lands and USFS
lands in the upper basin of the south fork of the Tolt River, as well as a combined
analysis.

The Earth Economics team examined the Tolt River Levee Restoration and Habitat
Preservation Project from the general identification of ecosystem services with
subsequent identification of the areas where values associated with the project are likely
to be the largest and most important. A survey of the restoration site provided greater
detail for valuation including estimates of ecosystem health. Finally, a benefit transfer
method was used to derive the range of values for expansion and contraction of the value
of ecological services associated with the Tolt River Levee Restoration and Habitat
Preservation Project.

As potential alternatives to the Tolt River Levee Restoration and Habitat Preservation
Project, the Earth Economics team also conducted valuations of the the San Souci Reach
area, as delineated by SPU, and the Hancock Easement, as identified by SPU.
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2.3 Methodology for Valuing Ecological Goods and Services within the
Tolt River Watershed

The methodology for valuing ecosystem services involves the identification and
categorization of ecological services, GIS data and peer-reviewed studies of market and
non-market values using direct use and indirect use valuation methods. These aspects are
discussed in the next sections.

2.3.1 Categorizing Ecological Services

Based on a review and synthesis of the valuation literature on ecological services, De
Groot et al. (2002) categorized 23 ecosystem processes and functions of ecosystem
services (see Table 2). These are grouped into four function categories: 1) regulation, 2)
habitat, 3) production, and 4) information functions. Regulation and habitat functions are
considered essential functions that are necessary before production and information
functions can be active (De Groot et al. 2002).

Table 2. Ecosystem Functions and Services (from De Groot et al. 2002)

Functions

Ecosystem Infrastructure
and Processes

Goods and Services (Examples)

Regulation Functions

Maintenance of essential ecological processes and life support systems

1 | Gas regulation

Role of ecosystems in bio-
geochemical cycles

Provides clean, breathable air,
disease prevention, and a habitable
planet

2 | Climate
regulation

Influence of land cover and
biological mediated processes
on climate

Maintenance of a favorable climate
promotes human health, crop
productivity, recreation, and other
services

3 | Disturbance
prevention

Influence of ecosystem
structure on dampening
environmental disturbances

Prevents and mitigates natural
hazards and natural events generally
associated with storms and other
severe weather

4 | Water regulation

Role of landcover in regulating
runoff and river discharge

Provides natural irrigation, drainage,
channel flow regulation, and
navigable transportation

5 | Water supply

Filtering, retention and storage
of fresh water (e.g. in aquifers
and snowpack)

Provision of water for consumptive
use; includes both quality and
quantity

6 Soil retention

Role of vegetation root matrix
and soil biota in soil retention

Maintains arable land and prevents
damage from erosion, and promotes
agricultural productivity

7 Soil formation

Weathering of rock,
accumulation of organic matter

Promotes agricultural productivity,
and the integrity of natural
ecosystems

8 | Nutrient
regulation

Role of biota in storage and re-
cycling of nutrients

Promotes health and productive soils,
and gas, climate, and water
regulations
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9 | Waste treatment | Role of vegetation and biota in | Pollution control/detoxification,

the removal or breakdown of Filtering of dust particles through
xenic nutrients and compounds | canopy services

10 | Pollination Role of biota in the movement | Pollination of wild plant species and

of floral gametes harvested crops

11 | Biological Population control through Provides pest and disease control,
control trophic-dynamic relations reduces crop damage

Habitat Functions Prov_iding habitat (suitable living space) for wild plant and animal

species

12 | Refugium Suitable living space for wild Maintenance of biological and
function plants and animals genetic diversity (thus the basis for

most other functions)

13 | Nursery function | Suitable reproduction habitat Maintenance of commercially

harvested species

Production Functions  Provision of natural resources

14 | Food Conversion of solar energy into | Hunting, gathering of fish, game,

edible plants and animals fruits, etc.; small scale subsistence
farming and aquaculture

15 | Raw materials Conversion of solar energy into | Building and manufacturing; fuel and

biomass for human construction | energy; fodder and fertilizer
and other uses

16 | Genetic resources | Genetic material and evolution | Improve crop resistance to pathogens

in wild plants and animals and pests

17 | Medicinal Variety in (bio)chemical Drugs, pharmaceuticals, chemical
resources substances in, and other models, tools, test and essay

medicinal uses of, natural biota | organisms

18 | Ornamental Variety of biota in natural Resources for fashion, handicraft,
resources ecosystems with (potential) jewelry, pets, worship, decoration

ornamental use and souvenirs

I;fuf ZZ’;:::" Providing opportunities for cognitive development

19 | Aesthetic Attractive landscape features Enjoyment of scenery
information

20 | Recreation Variety in landscapes with Travel to natural ecosystems for eco-

(potential) recreational uses tourism, outdoor sports, etc.

21 | Cultural and Variety in natural features with | Use of nature as motive in books,
artistic cultural and artistic value film, painting, folklore, national
information symbols, architecture, advertising,

etc.

22 | Spiritual and Variety in natural features with | Use of nature for religious or historic
historic spiritual and historic value purposes (i.e., heritage value of
information natural ecosystems and features)

23 | Science and Variety in nature with scientific | Use of natural systems for school
education and educational value excursions, etc., use of nature for

scientific research

The project team utilized this classification of ecological services as the framework for
analyzing the ecological services produced within the Tolt River watershed.
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2.3.2 Valuation Methodology

The project team used the methodology of value transfer to conduct the valuation.
Because the cost of conducting original studies for every ecological service on every site
for every vegetation type is prohibitive, researchers have developed a technique called
benefit, or value, transfer. Value transfer is a widely accepted economic methodology in
which the estimated economic value of an ecological good or service is determined by
examining previous valuation studies of similar goods or services in other comparable
locations.

This valuation is akin to a house appraisal where an appraiser considers the valuations
(sales) of other houses in different locations, similar attributes and differences, and
specific aspects of the house and property being appraised. The number of bedrooms,
condition of the roof, unfinished basement and mountain view comprise additive values
for estimating the full value of the house. These values are additive, just as an extra
bedroom, a better view or an excellent location provide different services and each add to
the total value of a house.

The Gund Institute for Ecological Economics, the leading national ecological economics
institution, has compiled a database of published, peer-reviewed ecological service
valuation studies. The database provides value transfer estimates based on landcover
types and is updated as new literature becomes available.

The value of the ecosystem services described above is additive. An acre of forestland
provides a water regulation and filtration service. It also provides aesthetic, flood
protection and refugium benefits. One study may establish the value per acre of a
watershed in water filtration for a drinking water supply. Another study may examine the
value per acre of refugium for wildlife. To determine the full per acre value provided by a
vegetation type, ecosystem service values are summed up and multiplied by the acreage.

The valuation techniques utilized to derive the values in the database were primarily
developed within environmental and natural resource economics. As Table 3 indicates,
these techniques include direct market pricing, replacement cost, avoided cost, factor
income method, travel cost, hedonic pricing, and contingent valuation.

Direct use value involves interaction with the ecosystem itself rather than via the services
it provides. It may be consumptive use such as the harvesting of trees or fish, or it may
be non-consumptive such as hiking, bird watching, or educational activities.

Indirect use value is derived from services provided by the ecosystem when direct values
are not available. This may include the removal of nutrients, providing cleaner water
downstream (water filtration), or the prevention of downstream flooding. Studies may
derive values from associated market prices such as property values or travel costs.
Values can also be derived from substitute costs like the cost of building a water filtration
plant when natural ecosystem filtration services are disturbed and fail. Contingent
valuation is an additional method which entails asking individuals or groups what they
are willing to pay for a good or service.
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Table 3. Valuation Methods

Direct Use Values

Market Price Prices set in the marketplace appropriately reflect the value to the “marginal buyer.” The
price of a good tells us how much society would gain (or lose) if a little more (or less) of
the good were made available.

Indirect Use Values

Avoided Cost Value of costs avoided by ecosystem services that would have been incurred in the
absence of those services. For example, flood control provided by barrier islands avoids
property damages along the coast.

Replacement Cost of replacing ecosystem services with man-made systems, as when nutrient cycling

Cost waste treatment are replaced with costly treatment systems.

Factor Income  The enhancement of income by ecosystem service provision. For example, water quality
improvements increase commercial fisheries catch and incomes of fishermen.

Travel Cost Cost of travel required to consume or enjoy ecosystem services. Travel costs can reflect
the implied value of the service. For example, recreation areas attract tourists whose
value placed on that area must be at least what they were willing to pay to travel to it.

Hedonic The reflection of service demand in the prices people will pay for associated goods. For

Pricing example, housing prices along the coastline tend to exceed the prices of inland homes.

Contingent Value for service demand elicited by posing hypothetical scenarios that involve some

Valuation valuation of land use alternatives. For example, people would be willing to pay for
increased preservation of beaches and shoreline.

Group Discourse-based contingent valuation, arrived at by bringing together a group of

Valuation stakeholders to discuss values to depict society’s willingness to pay.

2.3.3 Methodology for Evaluation of the Impacts of the Proposed Project

The second phase of this study involved a more detailed examination of several areas of
the watershed. An onsite survey was conducted to estimate the impact on ecological
service values with the implementation of the Tolt River Levee Restoration and Habitat
Preservation Project. The project team developed a value transfer methodology utilizing
the field survey data as well as other consultant reports on the project site already
completed for SPU in order to estimate the future impacts of the project in terms of key
ecosystem services affected.

The methodology of benefit transfer is still new; significant questions remain. Many
valuation studies are available for forest ecosystem service values while very few studies
have been conducted on the valuation of marine and riparian area services. The
applicability of studies must also be examined. For example, wetlands in Renton were
shown to have $51,000 per acre in flood protection value. These wetlands buffer
expensive residential properties and provide a far greater value in flood protection than
wetlands in the lower Tolt River watershed where there are few high value properties.
This is why we excluded the Renton study or others like it in our analysis. Decisions on
what studies to include are not so simple. This is one reason for choosing a range of
values as a better expression of the inherent uncertainty over quoting a single figure.
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In addition, not all ecosystem functions and services apply to some areas of the Tolt
River watershed. Recreation value will be produced in the Tolt River Levee Restoration
and Habitat area and will likely be higher than estimated values due to the associated
park owned by King County. Additional refinement to the current benefit transfer
methodology to pick up specific site changes, such as increased recreational beach use
and reduced recreational use of inner-tubes for floating down that reach, would require
further study.

SPU restricts access on the south fork of the Tolt River so no recreational value was
counted because the area is off-limits for recreational use. In addition, other categories of
ecosystem functions were not included for the analysis of the Tolt River Levee
Restoration and Habitat area and the south fork of the Tolt River. Soil formation, waste
treatment, pollination, biological control, food production, genetic resources, medicinal
resources, ornamental resources and recreational resources were not included in the
analysis either because they were not appropriate in this case (no recreation allowed) or
we had no appropriate studies available (medicinal and spiritual resources). Some in the
Earth Economics/GIEE team felt strongly that some of these values should have been
included. This is another reason why the actual estimates are highly conservative with the
true values perhaps significantly higher.

Estimating ecosystem health is another critical issue. Existing wetlands in the project site
are heavily impacted by invasive species, reducing some of the refugia functions. In the
Tolt River Levee Restoration and Habitat project area we assumed that the restoration of
scouring processes would give native species a greater advantage. Thus, the productivity
of existing wetlands composed largely of reed canary grass, Himalayan blackberries
(rubus discolor) and other invasive species, was deemed to be less than the ecosystem
service productivity of wetlands with reestablished riparian habitat and processes under
the future conditions.

An ecosystem service valuation of current and future conditions for the site was
conducted and a present value of ecosystem services provided by the project was
calculated. The accuracy of this analysis depends on the accuracy of the estimated future
ecological conditions.

These figures should be considered a starting point for ecosystem service valuation and
should be updated with specific valuation studies within the watershed.

2.3.4 Present Value Calculation and Discounting

How to treat a stream of renewable benefits earned across time (and generations) is a
difficult issue. On one hand, it may reflect the current cost of capital or other financial
opportunity costs, or it may be justified by a social discount rate (people naturally
discount the future). On the other hand, the use of the discount rate in the context of
ecosystem services implies an ethical decision on what state we will leave natural capital
for future generations. The discount rate assumes that the benefits we harvest in the
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present are worth more than the benefits provided for future generations, a view that
those from the future may not share.

There is a great deal of literature examining the basis for using different discount rates
such as the prime rate of interest, the market rate of interest, inferred social discount rate.
We provide three calculations of the PV with three discount rates. The Army Corps of
Engineers uses a 3.5% discount rate for renewable natural resources, and 5% and 7%
discount rates are normally used by SPU. These were the three discount rates used in this
study.

Present value maximization biases favor the selection of projects that pull benefits into
the present and push costs into the discounted future. This bias toward present value and
discounting of future value can result in market failures or perverse “unsustainable”
decisions where renewable resources are liquidated for short term gain at much greater
long term costs.

Had Seattle residents in 1900 discounted the value of the Cedar River watershed to future
generations, such as our generation, they may not have acquired it. Had they maximized
their present value, SPU might not own the watershed today. However, they placed
significant weight to future value, and the Cedar River watershed is of substantial value
to us today. The ability of a public utility to manage vast amounts of value across
generations is one reason why public utilities are more economically efficient than
privately owned companies in managing natural capital assets.

Calculation of the PV and discounting is known to be inter-generationally inconsistent.
A person living in the future and applying the same methodology would maximize their
future “present” value, not ours. A future decision-maker would select different resource
allocation decisions. The use of a zero discount rate sets the value of ecosystem services
provided for free and in perpetuity as infinite without an arbitrary time limitation. In this
case, a square foot of sod producing any positive ecosystem service value would be of
infinite value. Thus, a zero discount rate is also flawed.

Ecological economists solve this dilemma by defining a sustainable scale, one where
basic ecosystem services within a watershed are kept intact. This ensures ecological
sustainability and that future generations are not left with an unviable set of ecological
systems.

The vast majority of value provided by a healthy ecosystem is held in the indefinite
future. Today, we reap a thin annual slice of benefits from this continuous stream of the
23 categories of ecosystem goods and services. Ecosystems are a form of wealth. Many
ecosystem services are necessary for our survival: oxygen production, waste
decomposition, and storm protection. This wealth of natural capital provides a stream of
benefits that current and future generations require. This is unlike non-renewable
resources, such as burning gasoline or human-built capital, like a new car, which burns
up, is used up, or depreciates to eventually become waste and require further energy
inputs for recycling. The primary benefits of non-renewable and human-built capital are
held closer to the present. This is an important distinction between natural and human-
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built capital. In addition, value is not fixed in time. The values of many ecological
services rapidly increase as they become increasingly scarce (Boumans et al. 2002).

Healthy ecosystems are self-organizing, often not requiring maintenance. They do not
depreciate, can provide goods and services potentially in perpetuity, and hold vast
amounts of value in the distant future. As a result, it is important to illustrate the value of
these ecosystem services by considering their value without discounting.

A calculation of value produced by the Tolt River watershed using a zero discount rate
was used to provide a glimpse of how the people of Seattle would see the stream of future
ecosystem service benefits. In fact, ecosystem services have increased in value at an
accelerating rate as these services become increasingly scarce. With current development
projections in the area, this could be expected to continue. Thus, the true value of these
services may be much larger.

2.4 Study Limitations

This study provides a first-cut estimate of the economic value of the ecological goods and
services generated within the Tolt River watershed. The study, based primarily on value
transfer and not on original research of each ecosystem service within the Tolt River
watershed, should be regarded as preliminary.

Apart from the limitations listed below, the primary study limitation for the Tolt River
Levee Restoration and Habitat Preservation Project is in accurately establishing the future
conditions. As this study proceeded, the engineering specifications for the proposed Tolt
River Levee Restoration and Habitat Preservation Project changed from emphasizing a
larger levee structure to a greater use of log-jams within the expanded riparian zone. This
analysis is based on the original project proposal. The acreages of forest, grasslands,
wetlands and riparian zone could be different under the more recent proposal. This would
alter the magnitude but not the direction of the values.

While a number of study limitations should be kept in mind when considering the results,
these limitations do not detract from the fact that ecosystem services provide high value.
Watershed management is better informed with fact-based estimates rather than an
implicit assumption of zero value for the following reasons:

1) Limited ecosystem service studies. Although the field of ecosystem service
valuation has expanded rapidly, regionally relevant studies are still extremely
limited. The value of some ecosystem services has not been estimated. For
example, the value to people of ecosystem processes that produce gravel for
salmon spawning has, to our knowledge, never been estimated. Where ecosystem
services of value are identified and valuations have not been conducted, zero
value is the default estimate. This contributes to values for both the low and high
valuations that are underestimates.
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2)

3)

4)

5)

6)

Uncertainty and service identification. Some ecological services may not yet be
identified. The dollar estimates of the value produced by natural systems are
inherently underestimates. For example, while we may be able to place a dollar
value on the water filtration services provided by a forest, we cannot fully capture
the aesthetic pleasure that people gain from looking at the forest, nor every aspect
of the forest’s role in supporting the intricate web of life. Thus, most ecological
service valuations serve as base markers somewhere below the minimum value of
the true social, ecological, and economic value of an ecological service.

Lack of appropriate valuation studies. Medicinal, historic and spiritual values
were identified but eliminated from the study because existing studies were
inappropriate for this area. However, assuming that the Tolt River watershed
produces no value in these categories is incorrect and reduces its true value.
Taxol, a breast cancer drug was discovered from the Northwest yew tree which
occurs in the watershed. No methodology on how to distribute this value to the
ecosystem that produced it on a per acre basis has yet been developed. Historical
values are site specific and resources were insufficient for a specific study of the
Tolt River watershed. Similarly, there is no accepted method for monetizing
spiritual value.

Static analysis. The values of goods and services, natural capital or otherwise, are
dynamic. The current analysis provides a “snapshot” of value in the Tolt River
watershed and for the project site. The values of many ecological services rapidly
increase as they get increasingly scarce (Boumans et al. 2002). This could give
rise to a general tendency for value transfer based on studies performed over the
past ten years to underestimate the value of ecological services produced by
ecosystems today.

GIS information The GIS vegetation cover data used is fairly coarse. For
instance, it does not differentiate the quality of different wetlands. We used the
age of forest stands to provide an estimate of ecosystem health and services
provided. A recently-clear cut area will not yield the same flood protection, soil
stabilization, or other services as an old growth forest.

Process. Since this methodology is based on ecosystem services provided per acre
of vegetation type, it does not pick up the full value of process changes. For
example, the establishment of log jams and barriers or restoring the natural
processes of the lower Tolt River watershed will have impacts beyond the project
site because they are process changes. These are not captured in the geographical
analysis of the site.
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7) Irreversibility. Most economic modeling and analysis is a marginal analysis.
Marginal analysis assumes a degree of reversibility. Value changes on the
margins are smooth, consistent, and continuous.

8) Endangered species status. This report does not incorporate the “no action

option” and the risk of further decline of Chinook salmon which could require
more costly actions in the future.

3. Outcomes: The Current Tolt River Watershed

3.1 Tolt River Watershed Ecosystem Service Valuation

The ecological goods and services produced by each land cover type in the Tolt River
watershed were estimated utilizing the methodological approach outlined in the previous
section. The results are presented in Tables 4a through 5 below.

Tables 4a-4d show the estimates of ecological services produced by each GIS vegetation
type within the Tolt River watershed. Forestlands make up the vast majority of the study
area. Most of the value is generated by forested land cover and reflects a typical upper
watershed valuation. Forests are primary generators of ecological service value along
with wetlands and coastal marine ecosystems (Costanza, et al.1997). Nutrient regulation,
flood protection (disturbance prevention), water regulation, water supply, information,
and refugium functions provide the largest contributions of benefits to people.

The value generated on the 63,800 acres of the Tolt River watershed in ecosystem
services is estimated to be in the range of $368 to $1,364 million, annually (shown in
Table 5).

These estimates are based on the range of values for these land covers conducted outside
the Tolt River watershed. As cursory estimates based on benefit transfer methodology
they provide a ball-park range. A specific study or set of studies should be conducted to
narrow the range in values.
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3.1.2 Value by Landcover Type

Table 4a. Tolt River Watershed Forest and Grassland Ecosystem
Service Value Estimates (in $US)

Forest Grassland and Shrub-land
Ecological Service
Low High Low High

Gas regulation 2,196,358 5,820,349 16,326 43,264
Climate regulation 1,932,795 4,897,878 11,494 29,126
Disturbance prevention 21,963,580 159,016,316 195,914 1,418,418
Water regulation 21,963,580 119,591,691 185,030 1,007,488
Water supply 21,963,580 166,923,205 174,146 1,323,508
Soil retention 636,944 5,381,077 5,682 47,999
Soil formation 21,964 219,636 218 2,177
Nutrient regulation 219,635,796 463,431,529 1,632,617 3,444,823
Waste treatment 21,963,580 147,068,129 195914 1,311,841
Pollination 307,490 549,089 2,286 4,082
Biological control 43,927 1,713,159 261 10,188
Refugium function 10,981,790 33,450,532 70,747 215,495
Nursery function 3,118,828 4,282,898 17,001 23,346
Food 6,589,074 18,192,433 76,189 210,357
Raw materials 2,196,358 22,271,070 5,442 55,182
Genetic resources 131,781 439,272 327 1,088
Medical resources 0 0 0 0
Ornamental resources 65,891 439272 0 0
Aesthetic information 153,745 3,184,719 1,524 31,564
Recreation 2,196,358 38,655,900 21,768 383,121
Cultural & artistic information 21,963,580 131,781,478 217,682 1,306,094
Spiritual & historic information 0 0 0 0
Science & education 21,964 43,927 141 283
Navigational services 219,636 439,272 0 0
Total | $ 360,268,596 | $1,327,792,830 | $2,830,708 $ 10,869,444
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Table 4b. Tolt River Watershed Agriculture and Pasture, and Urban

Ecosystem Service Value Estimates (in $US)

Agriculture and Pasture Urban
Ecological Service
Low High Low High

Gas regulation 82 217 0 0
Climate regulation 72 183 4,081 10,341
Disturbance prevention 821 5,941 0 0
Water regulation 1,524 8,298 46,371 252,489
Water supply 821 6,237 324,596 2,466,930
Soil retention 34 287 10,758 90,887
Soil formation 1 14 46 464
Nutrient regulation 8,206 17,315 927,417 1,956,851
Waste treatment 821 5,495 417,338 2,794,494
Pollination 8 15 9,738 17,389
Biological control 2 64 835 32,552
Refugium function 352 1,071 185,483 564,983
Nursery function 100 137 59,262 81,381
Food 1,524 4,208 46,371 128,030
Raw materials 176 1,783 0 0
Genetic resources 0 0 0 0
Medical resources 0 0 0 0
Ornamental resources 0 0 0 0
Aesthetic information 8 170 5,843 121,028
Recreation 0 0 102,016 1,795,480
Cultural & artistic information 469 2,813 1,391,126 8,346,757
Spiritual & historic information 0 0 0 0
Science & education 2 4 1,391 2,782
Navigational services 0 0 0 0

Total $15021 |  $54,251| $3,532,672 $ 18,662,839
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Table 4c. Tolt River Watershed Lakes, Rivers, Ponds and Reservoirs

and Wetland Ecosystem Service Value Estimates (in $US)

Lakes, Rivers, Ponds and Wetlands
Reservoirs
Ecological Service
Low High Low High

Gas regulation 0 0 4,476 11,861
Climate regulation 0 0 3,939 9,981
Disturbance prevention 0 0 44,760 324,060
Water regulation 0 0 44,760 243717
Water supply 0 0 44,760 340,174
Soil retention 0 0 1,298 10,966
Soil formation 0 0 45 448
Nutrient regulation 0 0 447,597 944,430
Waste treatment 0 0 44,760 299,711
Pollination 0 0 627 1,119
Biological control 0 0 90 3,491
Refugium function 65,344 199,038 22,380 68,169
Nursery function 3,712 5,097 6,356 8,728
Food 0 0 22,380 61,791
Raw materials 39,206 397,553 2,238 22,693
Genetic resources 0 0 0 0
Medical resources 0 0 0 0
Ornamental resources 1,568 10,455 13 90
Aesthetic information 1,830 37,900 313 6,490
Recreation 5,228 92,004 1,343 23,633
Cultural & artistic information 52,275 313,652 26,856 161,135
Spiritual & historic information 0 0 0 0
Science & education 523 1,046 45 90
Navigational services 0 0 45 90

Total | $169,685  $1,056,744 |  $719,078 |  $2,542,866
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Table 4d. Tolt River Watershed Rock Ecosystem Service Value
Estimates (in $US)

Ecological Service Rock Ecosystem
Low High

Gas regulation 0 0
Climate regulation 1,558 3,949
Disturbance prevention 0 0
Water regulation 0 0
Water supply 0 0
Soil retention 0 0
Soil formation 0 0
Nutrient regulation 531,278 1,120,997
Waste treatment 0 0
Pollination 0 0
Biological control 177 6,907
Refugium function 88,546 269,712
Nursery function 0 0
Food 0 0
Raw materials 0 0
Genetic resources 0 0
Medical resources 0 0
Ornamental resources 0 0
Aesthetic information 1,240 25,678
Recreation 17,709 311,683
Cultural & artistic information 177,093 1,062,557
Spiritual & historic information 0 0
Science & education 177 354
Navigational services 0 0

Total 817,779 2,801,838




Table 5. Total Ecosystem Service Value Estimates Provided Annually by
the Tolt River Watershed (in $US)

Ecosystem Category Low Value High Value
Forest 360,269,000 1,327,793,000
Gr