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WHo WE ARE

Earth Economics

Earth Economics is a non-profit organization located in Tacoma, Washington, dedicated to researching and applying the economic
solutions of tomorrow, today.

Earth Economics provides robust, science-based, ecologically sound economic analysis, policy recommendations and tools to
positively transform regional, national and international economics, and asset accounting systems. Working with leading ecologists,
economists and modelers, we serve a large circle of businesses, non-profits, government agencies, policy makers and media channels
with research, reports, presentations, workshops and investigations. Our goal is to help communities shift away from the failed
economic policies of the past, towards an approach that is both economically viable and environmentally sustainable.

Mission Statement: Earth Economics applies new economic tools and principles to meet challenges of the 21st century: achieving the
need for just and equitable communities, healthy ecosystems, and sustainable economies.

Coastal Watershed Institute (CWI)

CW!I is a small 501c3 non-profit first formed in 1996. CWI’s goal is to advance protection of intact and critical natural ecosystems
thru long-term wise ecosystem management, nearshore restoration at the ecosystem level, and mentoring our next generation of
scientists and managers, and citizen partnerships. Over our careers we at CWI have learned that -without exception- what is good
for the environment is good for community. CWI has also learned that saving what we have is best for the ecosystem and economy-
so CWI emphasizes protection,. We also know that when we are restoring, true restoration must occur at the ecosystem level to be
successful.. Our experience is also that the majority of the community - which is growing rapidly - wants to be wise stewards but
need the tools to do so. Our work is extremely challenging. Preservation and restoration can take decades-and that bureaucratic
and political challenges (sometimes significant) are not reasons to quit. In total our work is to link senior scientists, managers, and
citizens to motivate for the best, not just the easiest, management actions and solutions. Our work is never ending and crosses
generations. Collectively CW!I senior scientists have hundreds of years of experience managing and researching the natural history
of this region CWI engages these scientists with college students, citizens, and landowners on the ground to understand how our
natural ecosystems function and how to protect them while training the next generation of managers and scientists. We bring
science to management in a rural, and sometimes extremely conservative, but ecologically critical region of the Pacific Northwest.
Top priority work for CWI include coordinating the Elwha Nearshore Consortium, a group of scientists, citizens, and managers
dedicated to understanding and promoting the nearshore restoration associated with the Elwha dam removals, and conduct unique
and critical research to understand and promote nearshore habitat function, and define how to protect the nearshore functions,
including cross regional fish use of nearshore habitats, and the importance of Dungeness and Elwha feeder bluffs for surf smelt. CWI
also regularly sponsor’s community forums on emerging and ongoing topics including Elwha nearshore science, management, and
restoration, and net pen aquaculture. Nearshore ecosystem services are complex, compelling, and integral element of CWI’s work.

We are honored to be a partner in this new frontier of ecosystem management.

ii Earth Economics



TABLE OF CONTENTS

Executive Summary 1
Key Findings 2
Informing Decision-Making 2
Recommendations 3

Introduction 4
Report Overview 6
About this Report 7

Part I.Clallam County 8
Geography 8
History 9
Today’s Economy in Clallam County 10
Natural Resources Management 12
Biodiversity 12
Clallam’s Nearshore 15
The Elwha River 26

Part Il. Ecosystem Services In Clallam County 32
Ecosystem Goods and Services 32
Ecosystem Services Produced in Clallam County 33
Port Angeles Landfill: An assessment of ecosystem services 37
Ecosystem Service Diversity and Trade-offs 46

Part lll. Valuation of Clallam County 48
Land Cover 48
Feeder Bluff Values 51
Primary Values for Nearshore Ecosystems 51

Forage Fish Supportive Value 55
Coastal Nursery Habitat Values 58
Climate Stability and Carbon 58
Saltwater Wetland Carbon 59
Seagrass Carbon 61
Forest Carbon 62
Fresh Wetland Carbon 63
Groundfish, Salmon and Shellfish Commercial Fisheries 63
Salt Water Recreational Fishing 64
Summary of Nearshore Values 65
Benefit Transfer Valuation - Secondary Values 66
Benefit Transfer Method 66
Annual Flow of Value of Clallam County 69
Asset Value of Clallam County 73

Nature’s Value in Clallam County



Economic Consequences of Lost Nearshore Services

74

Benefits of Restoration 74
Restoration Impact on Jobs: Shellfish Example 74
Part IV. Applying Valuation Findings to Policy and Investment Decisions 76
The Shoreline Master Program and No Net Loss 76
Integrating Ecosystem Service Concepts into SMP and No Net Loss (NNL) 77
Clallam County Shoreline Health Measures 78
Recommendations for Incorporating Ecosystem Services and Investment in Shoreline Health Criteria 79
Summary of Recommendations 84
[llustrative Application of Ecosystem Service Valuation with Setback Policies between 1992-2013 86
General Opportunities for Applying Study Results 87
Part V. Conclusions 89
In Text References 91
Image Credits 103
Appendix A. Ecosystem Service Categories 105
Appendix B. History of Shoreline Master Program and No Net Loss Policy 106
Appendix C. Tables referenced from the Inventory and Characterization
Report - Clallam County 107
Appendix D. Reference Table for Benefit Transfer Values 119
Appendix E. Full References for Benefit Transfer Values 124
Appendix F. Study Limitations 131
Appendix G. About Earth Economics 135

iv Earth Economics



TABLE OF TABLES

Table 1. Dollar Values of ES produced per year by riparian buffer and intertidal area in Port Angeles landfill site. 7
Table 2. Nearshore Ecosystem Services that Support the Clallam County Economy 16
Table 3. ES Identified for land covers in the Port Angeles Landfill Area 40
Table 4. S Values of ES produced by riparian buffer and intertidal area in Port Angeles landfill site. 41
Table 5. S Values of ES produced by feeder bluffs (average) in Port Angeles landfill site. 41
Table 6. S Values of ES produced by feeder bluffs armored and unarmored in Port Angeles landfill site. 41
Table 7. Land Cover Types by area for the entire Clallam County (NLCD 2006) 49
Table 8. Land Cover Types by Area for the Nearshore Study Area (NLCD 2006) 49
Table 9. Marine Ecosystem Types by Area for the Nearshore Study Area 49
Table 10. List of Ecosystem Services with Value Estimates for Study Area 51
Table 11. Spawning areas for surf smelt and sand lance along the Clallam County shoreline 56

Table 12. 2013 Elwha and Dungeness Surf smelt spawn survey summary of total number of eggs and
(percent relative composition) by development stage by reach. Data provided by Shaffer and Harris, Coastal Watershed Institute. 57

Table 13. Summary Table of Nearshore Ecosystem Service Values, 2012 US$ 65
Table 14. Valuation Methods 66
Table 15. Ecosystem Services present in Clallam County 68
Table 16. Min and max S/acre/year value for cultivated crops, forests, and fresh water 69
Table 17. Min and max $/acre/year value for grasslands, marine and marine wetlands 70
Table 18. Min and max $/acre/year value for pastures, riparian buffer, seagrass/algae beds 71
Table 19. Min and max S/acre/year value for shoreline, shrub and wetlands 72
Table 20. Total annual value in ecosystem services per acre and total annual values multiplied by acres present in

Clallam County of each land cover type 72
Table 21. Net present value with discount rates 73

Table 22. Costs of restoration and benefits of ecosystem services for marine wetlands and open water estuaries in Puget Sound. 75

Table 23. Jobs associated with shellfish fishing in Puget Sound. 75
Table 24. State Policy for Current Tax Assessment 81
Table 25. Summary Recommendations on Integrating Ecosystem Service Values in SMP update and the intended audiences 84
Table 26. Types of designation for shorelines in residential areas 86
Table 27. Difference in width (ft) of marine riparian buffers in previous SMP (1992) and updated SMP draft (2013) 86
Table 28. Current acreage of marine riparian buffer and its economic value in ecosystem services provided (1992) 88

Table 29. Estimate increase in acreage by expansion marine shoreline buffers in Shoreline Residential Conservancy Areas
and their values (2013) 88

Table 30. Estimate increase in acreage by expansion marine shoreline buffers in Shoreline Residential Intensive Areas
and their values (2013) 117

Nature’s Value in Clallam County \



TABLE OF FIGURES

Figure 1. Map of Washington State in United States

Figure 2. Map of Clallam County in WA State

Figure 3. Map of Clallam County (Cities and Rivers)

Figure 4. Nearshore diagram

Figure 5. Sediment transport along the nearshore

Figure 6. Elwha and Dungeness Drift Cells

Figure 7. Feeder Bluffs on the Elwha Drift Cell

Figure 8. Feeder Bluffs on Dungeness Drift Cell

Figure 9. Elwha River Watershed

Figure 10.Tradeoff Flowers Depicting Alternative Suites of Ecosystem Services under Different Scenarios
Figure 11. A visual illustration of the nearshore land cover and ecosystem types along the shoreline of Clallam County
Figure 12. Clallam County divided into all land cover types-only 12 of which are valued

Figure 13. Forage fish spawning areas (Elwha and Dungeness drift cells)

Figure 14. No Net Loss Diagram

vi Earth Economics

16
21
22
23
23
27
47
50
50
55
77



>
w
w
o)
"
<
>
_|
@)
Z
—
wn
_|

AC Avoided Cost

BTM Benefit Transfer Methodology
(7.V: Carbon Annuity Account

CH4 Methane

C0o2 Carbon Dioxide

Contingent Valuation

(@)
<

Department of Ecology
Department of Natural Resources
Environment Impact Statement

Ecosystem Services

ESA Endangered Species Act
ESV Ecosystem Service Valuation
EVT Ecosystem Valuation Toolkit

FEMA Federal Emergency Management Agency

Fl Factor Income

GIS Geographical Information Systems
GMA Growth Management Act
GV Group Valuation

Hedonic Pricing

ICR Inventory and Characterization Report

LID Low Impact Development

LWD Large Woody Debris

MLLW Mean Lower Low Water

MRC Marine Resource Committee
NLCD National Land Cover Database
NNL No Net Loss

(o] ) North Olympic Land Trust

NOSC North Olympic Salmon Coalition
Oows Over Water Structure

PNNL Pacific Northwest National Laboratory
Puget Sound Partnership

A

(@ Replacement Cost
SCC Social Cost of Carbon

Simple and Effective Resource for Valuing

SERVES .
Ecosystem Services

3

Shoreline Management Act

SMP Shoreline Master Program

SRC Shoreline Residential Conservancy

SRI Shoreline Residential Intensive

TC Travel Cost

United Nation Environment Programme

IR 'A Washington Department of Fish and Wildlife

WRIA Water Resource Inventory Area

Nature’s Value in Clallam County

vii



IMPORTANT COASTAL DEFINITIONS

The nearshore is defined as extending from the area of tidal influence in lower rivers and extending offshore to a depth
of 30 m MLLW (Mean Lower Low Water). It includes the riparian zone.

Shorelands or Shoreland Areas mean those lands extending landward for 200 feet in all directions as measured on a
horizontal plane from the OHWM; floodways and contiguous floodplain areas landward 200 feet from such floodways;
and all wetlands and river deltas associated with the streams, lakes and tidal waters which are subject to the provisions
of Chapter 90.58 RCW.

Shorelines are all of the water areas of the state as defined in RCW 90.58.030, including reservoirs and their associated
shorelands, together with the lands underlying them except:

— Shorelines of statewide significance;

— Shorelines on segments of streams upstream of a point where the mean annual flow is 20 cubic feet per second (cfs)
or less and the wetlands associated with such upstream segments; and

— Shorelines on lakes less than 20 acres in size and wetlands associated with such small lakes.

Ordinary High Water Mark or OHWM means that mark that will be found by examining the bed and banks of a lake or
stream and ascertaining where the presence and action of waters are so common and usual, and so long continued in all
ordinary years, as to mark upon the soil a character distinct from that of the abutting upland, in respect to vegetation as
that condition exists on June 1, 1971, as it may naturally change thereafter, or as it may change thereafter in accordance
with approved development. In any area where the OHWM cannot be found, the OHWM adjoining fresh water shall

be the line of mean high water. For braided streams, the OHWM is found on the banks forming the outer limits of the
depression within which the braiding occurs.

The division of the shoreline in several sectors depending on their net shore drift. Each drift cell includes a sediment
source (erosional bluff, river mouth), an area of sediment transport, and an area of sediment accumulation (accretion).

Is the long-term, overall effect of shore drift occurring over a period of time along a particular segment of marine
shoreline. Net shore drift is typically described at a drift cell scale. Net shore drift is influenced by patterns of water
movement along a coastline and patterns of wave-induced movement into a coastline.

A primary sediment input area that can feed miles of beaches.
A spit refers to a deposition landform found off coasts. Also known as a type of bar or beach.

Lands adjacent to marine shorelines, wetlands and other aquatic systems. Marine nearshore environments are highly
resource-rich and economically important.

Sources:

http://www.clallam.net/realestate/assets/applets/CH09_Abbreviate_Glossary FINAL2012.pdf
http://www.co.mason.wa.us/oakland_bay/pdfs/beaches_bluffs.pdf
http://wsg.washington.edu/mas/pdfs/rip_functions-benefits.pdf

viii Earth Economics



EXECUTIVE SUMMARY

Our natural environment provides things we need

to survive — breathable air, drinkable water, food,
security from flood and storm, and stable atmospheric
conditions. Natural systems also provide things essential
for every economy to survive, such as oxygen, water and
raw materials. Ecosystem services provide substantial
economic value that, when managed thoughtfully, will be
provided in perpetuity to future generations at very little
cost.

Ecosystem goods and services, simply called

ecosystem services, are the economic benefits
that natural systems provide to people.

Clallam County, in the northwestern most region of
Washington State, is blessed with some of the most
beautiful, diverse, and productive working and natural
landscapes in the country. Of the 2,670 square miles in
Clallam County, 931 square miles of shorelines feature
salmon-spawning streams, dramatic sea stacks, beaches,
and towering coastal cliffs called feeder bluffs. Forestry
and fisheries are foundational industries of the regional
economy. Olympic National Forest, Olympic National
Park and the Dungeness Recreation Area provide millions
acres of recreation lands to hike, camp, dive, rock climb,
go boating, ride horses, canoe, snowshoe and many more
activities. Nature in Clallam County draws tourists from
around the world, as well as retirees, artists and others
who come to call the region their home.

Nearshore ecosystems provide a particularly valuable suite
of ecosystem services. The County’s 254 miles of marine
shoreline ranges almost the entire length of the Strait of
Juan de Fuca to Discovery Bay and the North Pacific Coast.
Marine waters off the coast are abundant in fish and
invertebrates that support commercial and recreational
fishing industries, and provide habitat to marine mammals

and birds that draw wildlife watching enthusiasts,
beachcombers, kayakers and scuba divers. Eelgrass, for
example, provides bank stabilization, water purification,
food provisioning, habitat for fish and Dungeness crab, and
nursery areas for juvenile crab and fish species.

Coastline ecosystems are extremely vulnerable to the
impacts of increasing development and climate change,
such as sea level rise, and ocean acidification. Clallam
County is currently faced with increased bluff erosion and
a fragmented shoreline, threatening key ecosystems that
support economic activity.

When ecosystem services are lost, communities pay. Poorly
placed development on top of bluffs and in close proximity
to the waterfront can increase the likelihood of costly

and life-threatening landslides. Land clearing and grading
changes the natural drainage patterns and increases

water run-off from these affected bluffs. Subsequent
actions taken to stabilize bluffs through the construction

of bulkheads and seawalls hinder sediment transport,
reduce habitat and intensify the erosion process on nearby
beaches and adjacent shorelines/bluffs.

When natural storm protection, salmon productivity,
surface water conveyance or drinking water services

are lost, communities are taxed to fund the storm water
systems, levees, hatcheries and filtration plants that
must be built. Real costs are incurred to replace services
that were previously free and, unfortunately, these
replacement services are often less efficient than the
natural services they replace.

In order to understand the real economic costs of
damaged natural systems in decision and policy-making,

it is increasingly common to consider ecosystems as
economic assets. Although it is impossible to capture the
full intrinsic value of ecosystems purely in dollar terms,
dollar values for ecosystem services can replace the default
value of $0.00 in common decision-making frameworks
such as Benefit-Cost Analysis and policy frameworks such
as Shoreline Master Program planning.

Nature’s Value in Clallam County 1



Key Findings

The ecosystem services present in all of Clallam County
include water regulation, water supply, air quality and
climate stability, food, raw materials, medicines, soil
retention, soil formation, control of pests and diseases,
waste treatment, habitat and nursery, pollination,
recreation and tourism, and cultural, scientific and
educational values.

Two types of natural capital valuation were deployed to
assess the economic value of Clallam’s natural systems.
First, using biophysical data, the economic value of
nearshore processes, including sediment provided by
feeder bluffs to beaches downstream, was calculated. This
‘primary’ valuation of Clallam nearshore ecosystems is the
first of its kind. Next, a full natural capital appraisal of all
ecosystem services found across all Clallam County’s land
cover types was calculated.

Carbon storage and sequestration, creation of habitat,
and forage fish supportive value of Clallam’s nearshore
ecosystems contribute more than $15 million annually
to the local and regional economies. Commercial and
recreational fishing provide $20 million annually. Services
provided by feeder bluff ecosystems contribute between
$99,000 and $506,000 every year within the Dungeness
and Elwha drift cells. The large range in economic

values for nearshore ecosystems reflects the health of
the shoreline and the presence or absence of shoreline
armoring.

Ecosystems provide a flow of value into the future. The
most conservative estimate of the flow of value to the local
and regional economy from Clallam County’s combined
ecosystem services is $18 billion every year. When we
consider all ecosystem services on a national scale and
assume the ecosystems are in very good functional health,
the flow of value from Clallam’s ecosystems can be as
much as $52 billion per year.

Natural capital can also be given an asset value, similar

to built infrastructure that captures its value over time.
Applying a 4% discount rate over 100 years, the asset value
of Clallam County’s natural capital is between $451 billion
to $1.2 trillion dollars depending on the health of the
ecosystem.

2 Earth Economics

Informing Decision-Making

Investing in the conservation of working and natural
landscapes can diminish the risk posed by future erosion
and climate instability, avoiding expensive mitigation
expenses for cities, the county and ultimately tax payers.
Economic valuation can inform policy development and
implementation, such as Shoreline Master Planning.

The ecosystem service values provided in this study are
defensible and applicable to decision-making at every
jurisdictional level.

Recent heavy storm surges such as those experienced
along the eastern seaboard in September 2012, and the
threat of climate change, have focused attention on the
delicate state of the shoreline in Washington. Because bluff
erosion is a natural and dominant feature along exposed
shorelines, landowners are concerned not only about
environmental degradation due to increased development
but also about the safety and value of their homes along
the coast. Many property owners have lost acres of land
due to natural erosion and struggle with very expensive
installation and maintenance costs of the very bulkheads
and seawalls that are increasing erosion of their neighbor’s
bluffs. Analysis of the Port Angeles landfill site showed the
armored section of bluff (seawall) provides up to $5.94

per foot in economic benefits, compared to unarmored
sections, which provide $18.90 per foot, over three times
the value.

With the Shoreline Master Plan (SMP) update due for
completion in 2014, private property landowners, local
governments, non-profit organizations and community
members have actively engaged in discussions about

the merits and means of protecting the nearshore
environment. This analysis contributes vital information
to better understand the economic context of project
planning and decision-making, No Net Loss policy, buffer
setbacks and other requirements, particular to shoreline
ecosystems and critical areas throughout the county.
Clallam County is seizing the opportunity of the SMP
update to work with landowners and community members
to increase protection of crucial nearshore areas that
protect property, save lives and contribute tangibly to the
local economy.



Recommendations

Discovering and measuring the value of natural capital

in Clallam County is essential to enhancing effective

and efficient natural resource management. Valuation

of natural benefits leads to their protection and

provides measures to influence policy development and
decision-making. However, valuation is only a first step

in the process of developing policies, measures and
indicators that support discussions about the tradeoffs in
investments of public and private money that ultimately
shape the regional economy for generations to come.

Natural assets are not indestructible and they are under
pressure in Clallam County. Adopting the following
recommendations will help ensure the flow of economic
value of Clallam County’s natural capital continues in
perpetuity:

— Perform ecosystem service valuation per
designated shoreline reach. Use this study to
identify and value the services present in each
reach to help prioritize decisions and efforts.
Valuing each reach may also enable integration of
ESV to SMP updates (for example designation of
critical areas, augmentation of vegetated buffers
and revision of regulatory policies).

— Protect and restore natural capital. Conservation
is a low cost alternative to restoration of a
damaged system. Conservation and sustainable
management of Clallam County’s natural and
working landscapes as a key investment for the
future economy.

— Apply ecosystem service valuation results to
support funding investment in natural assets.
The values provided in this study can be used
to calculate the rate of return on conservation
and restoration investment. These values should
be reported to the community, to funders and
stakeholders. With the Earth Economics’ EVT
(Ecosystem Valuation Toolkit), a web-based tool
assessed at http://esvaluation.org, values in this
report can be regularly updated Clallam ESV
v1.5.docx as new data is made available.

Adopt an ecosystem services approach to rural
economic development. Include sustainable
forestry, forest product development, agriculture,
and access to quality outdoor recreation in all
aspects of economic and infrastructure planning.
Formally tie ecosystem services to long-term
and sustainable jobs and track job metrics.
Conservation, restoration, and landowner
stewardship incentive projects can and should
be effectively linked to economic advancement,
sustainability and long-term job creation.

Review institutional options for planning

and management of natural assets. Facilitate
discussions about institutional improvements
and coordinate activities between agencies

to promote investment in natural capital and
landowner incentives. Ecosystem services can
be a guide for improvement by setting a context
wherein alternative goals, such as transportation
planning, salmon restoration, natural flood
control, storm water conveyance and water quality
can be simultaneously improved, thus avoiding
infrastructure conflict.

Nature’s Value in Clallam County 3
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Nearshore ecosystems in Washington State, including
those of Clallam County, provide significant contributions
to the local, regional and state economy by providing
storm protection, erosion control, critical habitat for
fisheries, water filtration, and raw materials.!

With coastline on both the Pacific Ocean and the Strait of
San Juan de Fuca, nearshore ecosystems in Clallam County
are truly unique, with countless bluffs, beaches, estuaries,
intertidal areas, salt-water marshes and wetlands. The
aesthetic beauty and incredible recreational diversity of
the shoreline make Clallam County a natural treasure for
residents and visitors. However, these coastlines are at
risk. Due to both natural biological processes and land

use development patterns, nearshore ecosystems are
becoming increasingly fragile. Conserving the beauty and
attributes the shoreline provides is not only a priority for
residents but also a smart economic investment to ensure
healthy sustainable economic growth and a continued high
quality of life for Clallam’s residents.

Western Washington State is defined by the
Columbia River to the south, Strait of Juan
de Fuca to the north, the Pacific Ocean to
the west, Puget Sound and Mt. Rainier to the
east and south. On the Olympic Peninsula,
and more specifically Clallam County the

natural landscapes along shorelines, and
mountains provide a rich quality of life for
county residents; benefits generated by
diverse ecosystems serve as the foundation
for the stable and growing Clallam County
economy.

Figure 1. Map of Washington State in United States
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Figure 2. Map of Clallam County in WA State



Recently, private property landowners, local governments,
non-profit organizations and community members have
actively expressed interest in protecting the nearshore
environment. Storm surges such as those experienced
along the eastern seaboard in September 2012, and the
threat of climate change have focused attention on the
delicate state of the shoreline in Washington.? Landowners
are concerned not only about environmental degradation
due to increased development but also about the safety
and value of their homes on the coast. Bluff erosion is a
natural and dominant feature along exposed shorelines
such as the bluffs found in Clallam County; many property
owners have lost acres of land due to natural erosion. With
the Shoreline Master Program update due for completion
in 2014, Clallam County has the rare opportunity to
increase protection of crucial nearshore areas and ensure a
high quality of life for Clallam County residents and visitors
for decades to come.

During the completion of this study an important
ecological event took place in Clallam County: the removal
of two large dams along the Elwha River resulting in a
colossal amount of sediment being released into the Strait
of Juan the Fuca on a daily basis through the mouth of
the Elwha. The Elwha nearshore has been documented

to be severely degraded due to long standing sediment
starvation because of shoreline armoring (prior to
alteration more than 85% of sediment in the littoral system
came from the Elwha feeder bluffs). Sediment delivery is a
large, but temporary, restoration event. Since sediment is
directly related to shoreline health and stability, it is worth
mentioning the unique ecological attributes of sediment
deposits. This will be further discussed and related to
economic benefits throughout this report.

Eroded Bluff on Clallam County Coastline

Cape Alava

Cape Alava at sunset

e ool

Elwha Dam Removal, 2012
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Report Overview

— Part I: An introduction to Clallam County’s geography, history, demographics, socio-economics, natural
resource management and regional biodiversity. This section provides an in-depth introduction to key ecological
aspects of the report. The nearshore ecosystems and important physical processes are defined. The ecology of
sediment transport and natural deposition along the shoreline is described with local examples of the Elwha and
Dungeness drift cells. This section also highlights the biodiversity of the nearshore, where crucial ecosystems
come into play such as beaches and bluffs, eelgrass and kelp beds and other important marine vegetation. The
Elwha River and the removal of the dams is also an essential topic in this section; a brief history of the area is
provided, followed by a discussion of the impacts before and after the dams were removed.

— Part Il: Ecosystem Services in Clallam County. This section provides the economic foundation by explaining
ecological economic principles. An identification and description of each of the 23 ecosystem services found in
Clallam County is provided, along with detailed methodology for those services that were identified and valued
with original calculations.

— Part lll: Valuation of Clallam County. This section provides an overview of the methodology utilized to quantify
economic value and the results of both of two economic valuations performed:

A ‘primary’ valuation of feeder bluff ecosystems. Using biophysical data, the economic value of sediment
provided by coastal cliffs to beaches down current was calculated. The term feeder bluff is applied
particularly to headlands and bluffs of the Puget Sound and the Strait of Juan de Fuca. However, feeder
bluffs are found up and down the Pacific coastline. This economic valuation of feeder bluff ecosystems is the
first of its kind.

A ‘benefit transfer’ economic valuation of ecosystem services found across all Clallam County’s
landcovers. Benefit transfer method utilizes a secondary valuation method where a range of values is
calculated similar to an appraisal for each ecosystem service identified.

— Part IV: Applying Valuation Findings to Policy and Investment Decisions. It is possible to integrate economic
valuation into the Shoreline Master Program (SMP) and No Net Loss (NNL) policy. This section provides a
summary of what these policies are and how economic valuation can inform, enhance or improve the SMP in
Clallam County.

— Part V: Conclusions. This section highlights study findings and report conclusions.

6 Earth Economics



About this Report

This study provides the first comprehensive economic
assessment of Clallam County’s natural landscapes.

The study has been designed to inform the diversity Bz understandlngdtl’;le |mportanjt I’O|eh
of interested parties involved in land use policy and of ecosystems and demonstrating the

conservation investment. economic value in conserving them,

planners and community leaders are able
The results of this study can be used to inform the to integrate Complex eco|ogica| issues into

county’s SMP update and will enable stakeholders to
better understand the economic importance of land use
policies such as No Net Loss (NNL), setbacks, and other
requirements along the shoreline and within other critical
areas throughout Clallam County.

the public dialog and make more informed
decisions.

Important Note: The science of ecosystem service
valuation is rapidly improving. While this report provides
the very latest data at the time of publishing, new
biophysical and socio-economic data is being made
available all the time. For the very latest ecosystem service
values, please visit http://esvaluation.org.

Table 1. Dollar Values of ES produced per year by riparian buffer and intertidal area in Port Angeles
landfill site.

Land-cover Description SHigh/acre Low total High total

Riparian Buffer 84.3 $2,500 $5,049 $210,726 $425,602
Intertidal 20.8 $1,572 $30,100 $32,691 $626,079
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PART | .CLATLAM

Geography

Clallam County is located on the Olympic Peninsula,
bordered by the Strait of Juan de Fuca to the north and
the Pacific Ocean on the west. It is south of the San Juan
Islands and its tip at Cape Flattery is the most northwest
corner of the contiguous United States.

The county’s 254 miles of marine shoreline ranges almost
the entire length of the Strait of Juan de Fuca to Discovery
Bay and the North Pacific Coast. With a population

of approximately 71,000 residents, Clallam County is
predominantly rural. Its western border is marked by the
Olympic Coast National Marine Sanctuary and the Olympic
National Park to the south.® Of the 2,670 square miles

in Clallam County, 1,739 square miles is land while 931
square miles is considered shorelines of the state.*

Figure 3. Map of Clallam County (Cities and Rivers)
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Within Clallam County the Strait of Juan de Fuca shoreline
is comprised of bluff beaches, barrier beaches (also

known as spits), rocky platforms, stream deltas, inlets

and embankments associated with protected lagoons

and salt marshes. These shoreline features are constantly
changing and fluctuating in response to geographic and
oceanographic natural processes such as sediment erosion,
deposition and landslides.®

Cape Flattery-Neah Bay Clallam County

History

Clallam County takes its name from the Klallam or
S’Klallam (“strong people”), the indigenous tribe who
occupied the largest portion of what today is inland
Clallam County.® The Makah and the Quileute people
occupied the coastal areas on the most north and western
portions of the county. The Lower Elwha Klallam Tribe lived
along the Elwha River and Ediz Hook in Port Angeles, with
the Jamestown S’Klallam Tribe occupying nearshore areas
in the eastern area of the county known as Dungeness.”

Clallam County, one of the first regions of Washington
State to be explored by Europeans in 1778, quickly became
a prime resource for the fur trade.® Despite its early
European exploration and rich natural marine and forest
resources, the region became a strong economic force in
the early 1900’s when the Elwha River dam introduced
hydroelectric power. The result was an explosion of the
lumber industry, which maintained its position as the
primary employer in the region for the following 25
years. In Clallam County, World War | demanded spruce
resources, which were vital to building the first airplanes.
Around 1920, as spruce timber demand developed, pulp
production took off in Port Angeles, fulfilling the growing
market for the newsprint industry and the other uses

of cellulose products.® While a railroad was completed

Dungeness drift cell: Dungeness Spit and Shoreline
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in 1915, transport remained dominated by water travel
until the opening of the Olympic Loop Highway in 1931,
now known as Highway 101, allowing the first convenient
automobile access to the region.®

While the timber and agriculture industries continued to
grow after World War Il, income created by the fishing
industry also became significant. Commercial and sport
fishing activities generated revenue for the local economy
to today although declines of fish populations due largely
to inadequate planning and regulation of both fisheries
management and land development, affect this revenue.

Declines in fish population forced the State government to
take a deeper look into commercial fishing practices and
rights. The Boldt decision, in 1974, addressed this issue

by granting tribes 50% of annual catch.'* Not all tribes in
the region were recognized as treaty tribes, and the Boldt
decision gave fishing rights only to tribes recognized under
the treaty.?

Seven federally listed tribes include portions of Clallam
County as part of their Usual and Accustomed area; these
are Point No Point/Port Gamble S’Klallam, Jamestown
S’Klallam, Lower Elwha Klallam, Makah, Quileute, Hoh,
and Quinault. They all contribute significantly to the
community, economy and ecological fabric of the county.

By the 1980s, logging activities had declined as the main
source of income, although still remain a vital force in the
economy. The decline of logging allowed other industries
such as agriculture and the growing service industry to
emerge as strong components of Clallam County’s
economy.’

Lavender Fields- Sequim, Clallam County

i

Jamestown S’Klallam Tribe: Tribal Center

Today's Economy in Clallam County

Recently, Clallam County has become a destination for
retirees. As of 2010, the 65 or older population claimed
the highest age group percentage.*® The county’s natural
setting provides magnificent views of sparsely populated
countryside and many community engagement activities.
Sequim is popular due to its mild climate. The deep-water
port in Port Angeles contributes to the regional economy
by supporting the service and tourism industries.®

Currently, Clallam County has a number of restoration and
infrastructure projects underway, which employ residents
and stimulate the county’s economy. One of these projects
is the Elwha River dam removal. Both the removal of the
Glines Canyon and Elwha dams began in 2011. This project
has attracted many researchers to the area and enabled
other environmentally related projects to add to the area’s
tourist attractions. The Elwha River will soon flow freely
for the first time in 100 years, benefiting surrounding
ecosystems and the local salmon runs.®




—

Dungeness Spit-Recreation Area

Dungeness Crab and Seafood Festival

Clallam County has a multitude of stunning landscapes and
provides year-round outdoor recreation opportunities for
both tourists and locals. The coastline of the Strait of Juan
de Fuca and the Pacific Ocean offers a variety of activities
for visitors, ranging from clam digging to kayaking, sailing
and whale watching. In 2010, the National Park Service
estimated that visitors to the Olympic National Park spent
$103 million. This value was determined through estimates
on how much visitors spend when they visit the park.

The result - an average of $92 per day (excluding park
fees) is spent by day and overnight visitors.” Olympic
National Forest, Olympic National Park and the Dungeness
Recreation Area provide millions acres of recreation lands
to hike, camp, scuba dive, rock climb, go boating, ride
horses, canoe, go beachcombing, view wildlife, snowshoe
and many more activities.®

The Clallam County Parks, Fair and Facilities Department
and other organizations host outdoor festivals during

the summer months that draw visitors by the thousands.
Some of the most popular festivals are Clallam County

Fair, Dungeness Crab and Seafood Festival, Blues Festival,
Rodeos, rallies, and more.*® The city of Forks was the
setting for the popular vampire Twilight saga, and has since
become a vacation destination for fans. Visitors also enjoy
exploring historical sites and the rich cultural heritage of
the region.

Due to its unique geographical location and 200-mile
marine coastline, the maritime and fishing industries
are important players in Clallam County’s economy.?
Despite lagging demand for wood and food, forestry and
agriculture remains a significant industry.*

The service sector has experienced growth in recent
decades. In 2010, educational services provided the
highest employment. Health care and social assistance
employ 21.6% of the work force, followed by retail trade
at 12.2%. The public administration sector was ranked at
4th place with respect to local employment. Other leading
employers in the county are currently government and
service industries, partly due to the growing leisure and
tourism activities. The county also houses two prisons,

a hospital and a school district, which are all major
employers.?

Academic institutions and non-profits in Clallam County
contribute to the education of residents and visiting
students. Local citizens founded Peninsula College in 1961,
which provides local educational opportunities. Today the
college enrolls 6,000 part and fulltime students.?®* Clallam
County is also home to the Pacific Northwest National
Laboratory (PNNL), one of the first institutions to develop
processes that turn agriculture wastes into methane

fuel. Currently PNNL has about 4,700 employees and its
business revenue is more than $1.1 billion. The Marine
Sciences Laboratory is located in Sequim, is working on
technologies that include arsenic speciation, mercury
analysis, sulfide analysis, radiochemistry, chemical
repository and mycoremediation.?*

Nature’s Value in Clallam County 11



Natural Resources Management

Efforts to protect and restore waterways and lands within
Clallam County’s borders are often lead by a countywide
consortium of groups including representatives from local
cities, the county, Tribes, concerned citizens and non-
profit organizations. These groups are working on an array
of land conservation and management issues including
watershed planning, salmon recovery, groundwater
management and water quality, natural resource planning
and monitoring, shoreline management, critical area
designation, forest practice regulation and land use
planning.?®

There are many organizations, agencies, coalitions,

and non-profits that participate in land and shoreline
management in Clallam County. Many of the Tribes in this
county are also active in the protection of the shoreline
and land management. State agencies such as the
departments of Fish and Wildlife, Natural Resources and
Ecology have ongoing research throughout the county and
its shoreline, as do local city and county governments.

e )

Research Group Monitoring
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Biodiversity

The county borders a large portion of the Olympic National
Park, the Strait of Juan de Fuca; it also includes the Elwha,
Dungeness, and Sol Duc watersheds, all internationally
recognized areas due to their rare geological and climatic
conditions, which results in immense biodiversity.?® The
landscape of wetlands, estuaries, forests (including old
growth), agricultural lands, numerous rivers, lakes and
strea