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Dear Interested Parties:

Forest land planning is being completed to guide on-the-ground activities on 145,000 acres of 
forested state trust lands. The geographic area spans from the Kitsap Peninsula to the foothills of 
the Cascade Mountains, east of Seattle and Olympia — the South Puget Habitat Conservation Plan 
Planning Unit. The plan will guide management activities to enhance habitat for at-risk wildlife 
species, protect water quality and meet other goals while earning revenue to build the state’s schools 
and universities, and help fund services in counties in which the trust lands are located. 

Washington’s Department of Natural Resources (DNR), manager of Washington’s state trust lands, 
began this planning process in June 2005 with a series of public workshops designed to collect local 
information, and map specific areas of ecological, social or economic concerns on the forested state 
trust in each area of the planning unit. In July 2006, DNR issued a ‘scoping notice’ under the State 
Environmental Policy Act (SEPA) to encourage interested citizens, organizations and agencies to 
help identify significant issues to be included in environmental review. These ideas helped DNR 
develop a range of three management alternatives. 

The alternatives explore possible landscape management strategies that accomplish habitat, 
financial, and social goals, as presented in the purpose and need statement (scoping notice, 
Appendix A) — while reflecting public, other agency and tribal interests. All three alternatives 
are designed to implement Board of Natural Resources policies, and forest management direction 
in the 2006 Policy for Sustainable Forests, the 1997 Habitat Conservation Plan, and to comply 
with federal and state laws. Alternative A projects future forest conditions based on existing 
landscape management strategies. Alternative B examines management strategies that reflect 
local information gathered through this planning process. And Alternative C explores a range of 
management approaches that stretch the boundaries of existing policy.

A Draft Environmental Impact Statement (EIS) — released in July 2008 for public comment — 
highlighted the key environmental issues and options facing agency decision makers regarding each 
alternative. DNR’s consideration of public, scientific and other input has resulted in publishing of 
this Final EIS for the South Puget HCP Planning Unit. Although linking broader plans with local 
landscapes could be achieved without the aid of a formal planning process, the complexity of the 
various landscapes shows the benefit of customized strategies when applying policy-level guidance.

We think you will appreciate the new approach taken in this Final EIS for the forested state trust 
lands in the South Puget planning unit. This document offers ample photos, illustrations and clear 
text to better assist the reader in understanding what DNR is trying to achieve on these landscapes. 
This analysis will assist decision-making and ultimately the adoption of an alternative, and will 
help DNR finalize the plan. 

I appreciate your interest in this important work. Thank you.

Peter Goldmark
Commissioner of Public Lands
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Tahoma State Forest (foreground) taken near Poison Creek

W
ashington’s Department of  
Natural Resources (DNR) 
manages approximately 146,000 
acres of  forested state trust lands 
within the South Puget Habitat 

Conservation Plan (HCP) Planning Unit. The focus 
of  this Final Environmental Impact Statement (Final 
EIS) is to provide an analysis of  the impacts to 
the environment from the alternatives—describing 
proposed changes to DNR’s statewide landscape 
management strategies for implementation in this 
planning unit. The key management strategies 
being examined in this planning process are the 
conservation strategies for the northern spotted owl 
and recreation management.

Based on comments received after publication of  the 
Draft EIS (2008), this Final EIS provides updates and 
modifies specific topics. The changes include gaining 
a better understanding of  the risks associated with 
the thinning levels, addressing the unexpectedly high 
modeled level of  restoration activities in riparian areas, 
changes to the northern spotted owl habitat definitions 
and additional analysis of  the impacts of  the habitat 
accounting scale in the planning unit. Once these 
changes were completed, the alternatives were again 
compared to assess their probable, significant, adverse, 
environmental impacts. 

The Final EIS is organized as follows:

• Chapter 1 provides background information 
about the planning unit, summarizes DNR’s 
trust responsibilities, and presents the goals and 
objectives of  a forest land plan. 

• Chapter 2 describes each component of  
the three management alternatives under 
consideration, by topic.

• Chapter 3 describes the evaluation approach 
and provides information about current 
conditions by topic. 

• Chapter 4 presents the projected differences 
between the alternatives by topic over the 
100-year planning horizon, discloses the 
environmental impacts, and states why the 
impacts may be significant, probable, or adverse, 
and how they would be mitigated.

• Chapter 5 provides a full list of  cited 
references.

• Appendices (on CD-backcover) provide 
additional detailed analysis of  the impacts on 
the environment, as well as the new landscape 
management strategies to implement the 
components of  these alternatives.
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Background
Most of  the trust lands were granted by the federal 
government to Washington State in 1889. The 
legislature (as trustee) provides direction to DNR as 
trust manager. The state trust lands provide many 
inherent benefits to all the people of  Washington 
and DNR has a clear legal duty of  undivided loyalty 
to the trust beneficiaries (such as K-12 schools, 
universities, and other public institutions). Also, 
the Board of  Natural Resources, which represents 
the trust beneficiaries, guides policies and direction 
regarding DNR’s management of  the state trust 
lands. Providing revenue is one of  several trust 
responsibilities and since 1970, the beneficiaries 
have received more than $4.5 billion from DNR’s 
management of  trust lands statewide. 

Forest Land Planning Project 
Objectives
The objective of  forest land planning is to identify 
efficient and effective landscape management 
strategies to achieve Board of  Natural Resources 
policy goals while complying with state and federal 
laws. Currently, management strategies such as 
procedures, tasks, and traditional practices provide 
on-the-ground direction for DNR land managers 
when they plan and execute activities such as 
timber harvests, road building, or trail maintenance. 
The combined effect of  these management 
strategies over time is designed to achieve the 
desired outcomes envisioned in the 2006 Policy for 
Sustainable Forests, which includes the sustainable 
harvest calculation (2004, 2007) and the contractual 
obligations of  the 1997 Habitat Conservation Plan 
for forested state trust lands mostly in western 
Washington. Through the forest land planning 
process DNR evaluated its existing landscape 
management strategies against alternatives that were 
developed using current science, local knowledge 
and expert opinion from both public users and 
DNR region field staff.

Environmental Impact Statement (EIS) 
Development Process
The State Environmental Policy Act’s (SEPA) 
environmental impact statement process provides 
an opportunity for agencies, stakeholders, Tribes, 
and the public to participate in identifying 

significant issues related to a proposal. This process, 
detailed in Chapter 197-11 WAC, ensures that 
decision-makers understand the environmental 
consequences of  the events or actions resulting 
from their proposed action. In this Final EIS, DNR 
analyzed three alternatives—current, preferred, and 
exploratory—to direct the management of  forested 
state trust lands in this planning unit. As required by 
SEPA, the alternatives are examined using available 
information to assess their probable, significant, 
adverse, environmental impacts.  

Several agency environmental analyses have been 
prepared and are referenced throughout this 
document. The environmental analyses contained in 
this document supplement previous analyses, which 
are incorporated by reference with more detail and 
current information.

• 1996 Draft and Final EIS and 1997 Habitat 
Conservation Plan 

• 2000 Draft and Final EIS on Alternatives for Forest 
Practices Rules and 2001 Forest Practices Rules

• 2004 Final EIS on Alternatives for Sustainable 
Forest Management of  State Trust Lands in Western 
Washington (commonly referred to as the 
Sustainable Harvest Final EIS); and the 2007 
Addendum 

• 2006 Final EIS and 2006 Policy for Sustainable 
Forests  

These environmental impact statements and 
planning documents provide the background for 
this analysis.  

PHASED STATE ENVIRONMENTAL POLICY 
ACT (SEPA) REVIEW PROCESS
This Final Environmental Impact Statement (Final 
EIS) is for a non-project action, meaning the actions 
taken to implement an alternative are not site-
specific. No on-the-ground activities are designed as 
part of  this Final EIS. However, these future site-
specific management choices for forested state trust 
lands in the planning unit will depend, in part, on 
the decisions made during this process. Therefore it 
is part of  a phased review under WAC 197-11-060 
(5)(c)(i).  
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ASSUMPTIONS USED TO ANALYZE 
ALTERNATIVES 
DNR used the Watershed Administrative Units 
(WAUs) scale to assess where potential impacts 
may occur. Watershed Administrative Units are 
areas defined by hydrology and geomorphology, 
and range in size from about 10,000-to 50,000 
acres. The WAU scale was chosen for this analysis 
because DNR has determined through watershed 
analysis and previous EISs that it is the best scale 
for detecting and reporting environmental impacts 
(DNR 2004). There are 118 WAUs in the South 
Puget HCP Planning Unit with many different 
owners and managers. In 68 of  these WAUs, DNR 
manages forestland, and 13 of  these WAUs contain 
DNR-managed trust lands covering at least 20 
percent of  the total watershed area (Table 3-1, p. 
42). Collectively, these 13 watersheds represent 92 
percent of  DNR-managed forestlands within the 
planning unit. Appendix F contains information 
about land ownerships within watersheds in the 
planning unit containing DNR-managed trust lands. 
Please note that the impacts to northern spotted 
owls are assessed by Spotted Owl Management 
Units (SOMUs), which are similar in scale to WAUs.

The impact analysis relies heavily upon two sources 
of  information:  1) geographic information system 
(GIS) data related to the current conditions and, 2) 
forest model projections of  future forest conditions. 
Both sources have assumptions associated with 
their precision and accuracy to represent either 
current or future conditions; however, this data is 
the best available information to assess the relative 
differences of  the proposed alternatives in terms 
of  their impacts on the environment. A description 
of  the ‘forest estate’ modeling programs, processes, 
assumptions used, and a sensitivity analysis are 
described in Appendix C. 

The majority of  the designated northern spotted 
owl dispersal management areas under the 1997 
HCP are located on DNR-managed lands within 
the South Puget HCP Planning Unit. In order to 
systematically assess forest stand and landscape 
values in providing habitat during the owl’s dispersal 
phase, DNR designed the Northern Spotted 
Owl Dispersal Assessment Tool (NSO-DAT in 
Appendix G) with assistance from the US Forest 
Service and the Washington State Department of  

Fish and Wildlife. The Dispersal Assessment Tool 
(NSO-DAT) used an approach based on Ecosystem 
Management Decision Support (EMDS) software 
developed by the U.S. Forest Service (Reynolds 
and others 2000). The Dispersal Assessment Tool 
evaluates the ability of  forest stands to support 
movement, roosting, or foraging activities of  
dispersing northern spotted owls. The stand 
level results from the assessment tool are used to 
evaluate northern spotted owl habitat connectivity 
at the landscape scale. This tool is included 
as a monitoring component in the landscape 
management strategy to ensure habitat connectivity 
does not decline from current levels. Sensitivity 
analysis was performed to assess the model’s 
performance and is included in Appendix G.

DEVELOPMENT OF ALTERNATIVES
In June 2005, DNR began seeking public 
involvement for the South Puget forest land 
planning process through a series of  public 
workshops. The workshops were designed to collect 
local information and to map specific areas of  
ecological, social, or economic concerns. Strategies 
were then developed to address them. In July 2006, 
DNR issued a SEPA ‘scoping notice’ allowing 
concerned citizens, organizations, and agencies 
to help identify significant issues, which assisted 
in DNR’s development of  a reasonable range of  
management alternatives. 

The alternatives were written to explore possible 
landscape management strategies that meet the 
purpose and need statement (Scoping Notice, 
Appendix A), while reflecting public, outside agency, 
and tribal comments. All of  the alternatives are 
designed to implement existing Board of  Natural 
Resources policies and forest management direction 
as described in the 2006 Policy for Sustainable Forests, 
the 1997 Habitat Conservation Plan, as well as in 
federal and state laws.

Alternative A Current Management (No 
Action)—Designed to project future forest 
conditions based on existing landscape management 
strategies, without including specific local 
information gathered through the public meetings 
associated with this planning process. 

Alternative B Preferred Direction— Examined 
management strategies that reflect local information 
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and expert opinion gathered through this planning 
process, to provide guidance for on-the-ground 
implementation.

Alternative C Exploratory Option— Explored a 
range of  management approaches which stretch the 
outer boundaries of  existing policy.

A summary of  the comments from the scoping 
meetings and responses to those comments can 
be found in Appendix A. Comments received on 
the Draft EIS, a list of  commentors, and DNR’s 
responses can be found in Appendix O.

Previously Identified Significant Areas 
of Controversy and Uncertainty
Additional work was conducted on issues that 
were identified in the Draft EIS; specifically 
improvements were made in the representation 
of  habitat yields in the modeling process. 
Improvements also were made to the thinning 
options in riparian management areas. 
Implementation of  a new northern spotted owl 
habitat definition required a concurrence letter 
from the U.S. Fish and Wildlife Service, which 
has now been obtained (2009 Concurrence Letter in 
Appendix G). 

Development of the Final EIS
DNR used an evaluation approach similar to the 
Montreal Process (1995) to identify criteria and 
indicators for assessing forest management and its 
potential environmental impacts. DNR’s criteria 
are developed from strategies laid out in existing 
policy and procedures, as well as state and federal 
laws. Indicators are the measurable elements used 
to assess whether objectives contained in the criteria 
are achieved. The criteria and indicators used in 
this analysis, identified in Chapter 3 and analyzed 
in Chapter 4, are related to the ecological elements 
being evaluated in this environmental impact 
statement. This integrated approach recognizes 
the interconnectedness of  one element of  the 
environment to others, as reflected in topics such as 
sedimentation’s link to soils, roads, fish habitat, and 
water quality.

The major changes that occurred between the 
Draft and Final EIS are related to land exchanges, 
thinning levels in riparian management areas, 

new northern spotted owl habitat definitions, and 
modifications to dispersal habitat strategies.

Chapter 4 analyzes projected differences between 
the alternatives, discloses the environmental 
impacts, and states why impacts may be significant, 
probable, or adverse, and how DNR would mitigate 
them. All of  the information is either presented 
at the HCP planning unit or individual watershed 
scale. The main focus is to assess how management 
actions, particularly harvesting of  timber, will 
impact elements of  the environment.

POTENTIAL ENVIRONMENTAL IMPACTS
Harvest activities have the potential to result in 
environmental impacts on specific elements of  the 
environment such as soil from logging equipment 
and road building, which can cause compaction 
and increase sedimentation affecting water quality, 
water quantity, fish, and riparian systems. Forest 
activities can also result in an increase in some 
forest pathogens due to wounds made by logging 
equipment (Otrosina and Ferrell 1995) and have 
impacts on visually sensitive areas. 

Recreational uses, both motorized and non-
motorized, also have environmental impacts which 
can affect soils, damage streambanks, and trample 
vegetation. The majority of  these impacts come 
from undesignated trail use (refer to Recreation, p. 
165).

The new northern spotted owl habitat definitions 
and geographic accounting units in the South Puget 
HCP Planning Unit will improve habitat quality 
and quantity over time compared to DNR’s current 
management. In addition, the northern spotted owl 
dispersal landscapes will become less fragmented 
over time. This will benefit dispersing owls and 
help DNR achieve the 1997 HCP objective of  
providing a significant contribution to demographic 
support, maintenance of  species distribution, and 
the facilitation of  dispersal on DNR-managed state 
trust lands within the range of  the northern spotted 
owl. None of  the alternatives are expected to result 
in additional environmental impacts to the northern 
spotted owl beyond what was analyzed in the Draft 
and Final EIS for the 1997 Habitat Conservation Plan.
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FOREST CONDITIONS
A review of  the level, distribution, and number of  
harvest entries over the 100-year planning period 
shows Alternative B as having the lowest average 
harvested area. Alternative A has the highest level 
of  variable retention harvest and Alternative C has 
the highest level of  thinning activities. 

Under all alternatives, the quantity of  forests in 
structurally complex forest conditions (Niche 
Diversification and Fully Functional) is projected 
to increase. The greatest increase in structurally 
complex forests occurs under Alternatives B and 
C. The early stand development stages (Ecosystem 
Initiation, Competitive Exclusion, and Understory 
Development) continue to decline at a similar 
rate (Appendix D). This increase will shift the 
ecological conditions of  forested state trust lands 
in this planning unit towards a mix of  forest stand 
conditions more similar to those found prior to 
logging in the last century (Agee 1993; Franklin and 
Dyrness 1973).  

RIPARIAN MANAGEMENT
Riparian areas are managed similarly under all 
alternatives. DNR used the measure of  stand 
development stages in riparian areas to identify 
possible effects of  management activities 
over time. The current distribution of  stand 
development stages suggests (Table 3-8, p. 61) that 
many streams may have reduced levels of  riparian 
function, particularly large wood input, because 
of  the relative low proportion of  stands in the 
Biomass Accumulation, Niche Diversification, 
and Fully Functional stand development stages 
(Figure 4-6, p. 141).Each alternative leads to a 
continued increase in acres of  complex forests 
(Text Box 3-1, p. 46); the level of  harvest activities 
to achieve these forest conditions vary between the 
alternatives (Chart 4-14, p. 167).

The analysis discusses the potential short-term 
impacts and long-term benefits of  actively managing 
riparian forests. Alternative C has approximately 
16,000 acres of  additional riparian thinning over 
eight decades as compared to Alternative A and 
B. The net result of  this projected management is 
that Alternative C is forecast to have approximately 
5,000 more acres of  Fully Functional forests than 
Alternatives A or B. 

The distribution of  forest stand development stages 
and corresponding levels of  restoration activities 
over time and space provide a basis for assessing the 
potential cumulative effects of  the alternatives in 
the forested environment for any given watershed. 
However, the amount and nature of  forests in 
any landscape are highly variable (soil properties, 
weather events), and contain a wide range of  forest 
types (conifer mixed with deciduous) and stand 
structures (stands that fall into a variety of  stand 
development stages), which only can be assessed on 
a site-by-site basis to determine proper silvicultural 
treatments. All alternatives are expected to use 
ground-based or cable yarding methods which 
can result in soil compaction, rutting, and surface 
erosion. In analyzing riparian areas at the watershed 
scale, DNR did not find any watersheds under any 
of  the alternatives that would experience significant 
adverse environmental impacts. 

WETLANDS
Wetland risk is variable throughout the planning 
unit due to their amount and location; however 
these impacts are greatly reduced on site as a 
result of  the mitigation provided by current 
policy and procedures of  no net loss of  wetland 
acres or function. At this time DNR does not 
fully understand the severity of  impacts that can 
be expected from either timber harvests or road 
building due to the difficulty in mapping wetlands, 
specifically forested wetlands. However, previous 
assessments (2001 Forest Practices Rules and 1997 
Habitat Conservation Plan) have shown the severity of  
impacts from road building to be much greater than 
those related to harvest activities alone. Therefore, 
areas containing wetlands with greater amounts of  
roads and harvesting activities are expected to have 
a higher likelihood of  impacts to wetlands than 
those with less wetland acres. 

WATER QUANTITY
All watersheds containing sub-basins with acres 
in rain-on-snow zones are forecast to stay above 
70 percent in hydrologically mature conditions 
through the modeled planning period (100 years). 
Consequently, significant changes in peak flows due 
to harvest activities are likely to be avoided under 
each alternative, thereby causing no significant 
impacts to hydrologic maturity on forested state 
trust lands. The likelihood and severity of  damaging 



ES6	 	 	 	 	 	 	 	                  Washington Department of Natural Resources

Ex
ec

u
ti

ve
 S

u
m

m
ar

y

flood events and possible landslides caused by soil 
saturation or undercutting is reduced by maintaining 
higher levels of  forest stands with a Curtis’ relative 
density (RD) greater than 25 in the rain-on-snow 
zones.

WATER QUALITY
Trends for riparian harvest treatments are 
consistently projected to decline over time in all 
alternatives and none would increase the risk of  
water quality impacts in the long-term. The greatest 
possible impacts to water quality are expected in the 
first four decades, during which the levels of  harvest 
removal are highest; with harvests being highest 
in Alternative C. Removal of  trees from riparian 
areas is unlikely to cause a temporary increase in 
water temperature. Stream shade is unlikely to be 
reduced as a result of  restoration activities because 
of  the forested unmanaged near-stream areas and 
the almost continuous canopy in the remainder of  
the riparian management zone. However, ground 
disturbance and changes in the microclimate near 
the ground could cause an increase in sediment 
entering water bodies. 

FISH
Stand development is a good proxy for many of  the 
key structural elements of  fish habitat such as large 
woody debris (Franklin and others 2002), which can 
be linked directly to improvements in fish habitat 
(Beechie and Sibley 1997; What Are the Current 
Conditions of  Riparian Areas, p. 60). The current 
distribution of  stand development stages suggests 
(Chart 3-1, p. 48) that many streams may have 
reduced riparian function stemming from relatively 
low levels of  large woody debris input, characterized 
by young forest conditions (Keller and others 1995; 
Rot and others 2000). Large woody debris sources 
and inputs increase as the forest progresses through 
the Biomass Accumulation, Niche Diversification, 
and Fully Functional forest stand development 
stages (DNR 2004). A discussion of  how harvested 
acres in riparian areas results in more complex 
forest structure is found in the riparian section (p. 
58). The water quality results section (p. 150) reports 
how thinnings in riparian areas effects stream 
temperature and sedimentation.

SOILS
Compaction, erosion, and reduced productivity 
are the anticipated direct impacts to soil caused 
by timber harvesting, recreation activities, and 
road construction and use. The combined effects 
of  compaction and erosion can reduce a soil’s 
productivity which could have long-term effects 
on forest conditions (Cumulative Effects, p. 159). 
Major soil displacement events (such as landslides 
and road/landing construction) can remove the 
upper soil layers, resulting in a long-term loss in site 
productivity. Vegetation removal can limit a soil’s 
capacity to hold moisture and can lead to changes in 
the surrounding microclimate, potentially reducing 
soil productivity. Erosion and soil displacement can 
increase sediment levels in water bodies, decrease 
water quality (p. 151), and reduce the quality of  
fish habitat (p. 153). Soil compaction also can 
affect water quantity via reduced infiltration and 
groundwater recharge, potentially resulting in 
increased overland flow and surface erosion. 

The percent of  acres affected varies between 
alternatives, but Alternative B would have the lowest 
impact level because it has the greatest number of  
un-harvested acres and more acres of  thinning than 
variable retention harvest. Alternative C would have 
the next lowest impact level followed by Alternative 
A. Refer to Appendix D to compare values in other 
watersheds.  

ROADS
The primary difference between the management 
alternatives can be summarized by examining the 
amount of  timber removed by watershed or the 
number of  truck trips per decade. Although harvest 
levels are partially related to overall traffic levels 
on forest roads, truck traffic or road length are 
unlikely to be the main causes of  sedimentation. 
For additional information on the impact of  truck 
traffic on elements of  the environment, DNR is 
incorporating by reference the 2004 Sustainable 
Harvest Final EIS (p. 4-104 to 4-108).

Traffic on forest roads has the potential to increase 
sedimentation to water and produce dust and 
exhaust gases affecting air quality (p. 199). Each 
alternative varies in the ranking of  watersheds with 
the highest number of  truck trips, as shown in Table 
4-19 (p. 164). The potential for impacts from forest 
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roads on the environment is measured by increased 
use. Higher road usage from forest management 
activities combined with recreation could have 
additional impacts on air quality, water quality, and 
wildlife habitat (Forest Fragmentation, p. 176). The 
amount of  traffic from recreational use is expected 
to increase based on population demographics; refer 
to recreation (Population Demographics, p. 167).

Road density also can be used as an indicator to 
assess impacts to wildlife populations through 
habitat fragmentation. However, the environmental 
impacts from the road network are reduced by the 
mitigation measures presented in the roads section 
(p. 161).

RECREATION
No single environmental setting is considered 
the most suitable for recreation; instead, each 
individual site or area has a set of  environmental 
characteristics that make it more or less susceptible 
to recreation impacts. Alternative A would continue 
managing recreation under the current system with a 
level of  recreation based on state and federal grants, 
which can be reduced during budget shortfalls. 
However, potential recreation-related environmental 
impacts and subsequent consequences cannot be 
overlooked if  recreation and public access are to be 
considered sustainable land uses.

The suitability assessment proposed under 
Alternatives B and C would enable DNR to evaluate 
multiple resource factors (such as soil types, 
vegetation, slope, and presence of  wetlands) to 
help determine where, what type, and how much 
recreation activity is appropriate, by area. Once 
changes based on the suitability assessment have 
been identified, many impacts are expected to be 
mitigated through specific strategies built into 
Alternatives B and C. 

Alternative C includes the option to expand contract 
services through leases or fees in order to enhance 
site-specific amenities. This would result in another 
method to control vandalism, over-crowding (White 
1993), litter, and crime (Grewell 2004) and possibly 
reducing environmental impacts in identified areas. 

VISUAL MANAGEMENT 
Additional site specific visual-management guidance 
(Appendix B) has been developed on the amount 
and placement of  leave trees on forested state trust 
lands, which is similar for all of  the alternatives. 
Generally speaking, harvest activities have the 
highest potential for visual impacts relative to road 
building or gravel pits, due to the amount of  acres 
affected over time; therefore, this indicator provides 
a firm measure of  anticipated visual impacts under 
each alternative. 

Alternative B is expected to have lower 
environmental impacts than Alternative A. 
Alternative B provides specific strategies for lands 
identified as being visually sensitive where DNR 
has the ability to leave between eight and 16 trees 
per acre and includes specific strategies for Tiger 
Mountain (Chapter 2, p. 36).

CULTURAL RESOURCES
Alternative C has the greatest potential for impacts 
to cultural resources, due to the number of  acres 
to be harvested or thinned (Table 4-2, p. 125). 
Alternatives A and B may impact cultural resources, 
but affect fewer acres than Alternative C. Despite 
these relative differences, the impacts to cultural 
resources are expected to be insignificant under all 
alternatives, because of  concurrent and previous 
mitigation. 

WILDLIFE HABITAT
DNR harvest activities within the planning unit will 
impact nearly two percent of  DNR’s land base every 
year. The percent of  harvest entry types shown 
in Chart 4-4 (p. 129) and the number of  harvest 
entries shown in Figure 4-2 (p. 131) may have a 
cumulative effect on wildlife species and habitat, 
especially those sensitive to disturbance. Collectively, 
these activities could result in short-term wildlife 
impacts across the landscape, including disturbance 
and habitat loss, as previously described (Table 3-24, 
p. 105). 

The reduced amount of  forest stands projected 
to be in the Ecosystem Initiation stage under all 
alternatives could contribute cumulatively to the 
effects of  similar reductions projected to occur on 
U.S. Forest Service lands. Since the 1990s, deer and 
elk populations have been declining in the West 
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Cascades ecoregion due to a decline in foraging 
habitat (Spencer 2002). Declines in Ecosystem 
Initiation acres of  forested state trust lands could 
further reduce foraging habitat for these species, 
while areas serving solely as winter habitat on DNR-
managed trust lands are expected to remain suitable. 

Silvicultural activities under all alternatives are 
expected to benefit wildlife habitat for many types 
of  wildlife, specifically wildlife species associated 
with structurally complex forest stands that have 
experienced population declines in the Puget 
Trough and West Cascades ecoregions (refer to 
Table 3-19, p. 100).

Increasing structurally complex forests in the 
planning unit along with similar efforts taking place 
on federal lands—specifically, the Northwest Forest 
Plan—will benefit many types of  wildlife, including 
marbled murrelets and northern spotted owls. The 
cumulative effects that DNR management activities 
have on wildlife are not expected to be significant 
or beyond those analyzed in the 1997 Habitat 
Conservation Plan.

MARBLED MURRELET
The likelihood that harvest activities will occur 
within or directly adjacent to marbled murrelet 
habitat before the adoption of  the long-term 
strategy is low. A forest connectivity assessment 
was conducted as part of  the northern spotted 
owl analysis in the Elbe Hills, Tahoma, and Black 
Diamond northern spotted owl management 
areas. Forest connectivity for northern spotted 
owls in these areas is expected to increase under 
all alternatives, with Alternatives B and C seeing 
a more dramatic increase (Northern Spotted Owl 
Habitat Cumulative Effects, p. 194). The majority of  
marbled murrelet habitat identified in the Interim 
Marbled Murrelet Conservation Strategy is located 
within these areas and it can be inferred that forest 
connectivity for marbled murrelets would also 
increase. Though the habitat needs of  these two 
species are different, many of  the forest conditions 
assessed for northern spotted owls also are 
associated with marbled murrelet habitat, such as 
canopy closure and patch size. 

In addition, with low marbled murrelet detection 
rates on adjacent lands and the offshore population 
of  marbled murrelets being low in the southern 

Puget Sound waters (Raphael and others 2008) 
DNR expects little difference among the alternatives 
for marbled murrelet habitat and the effects from 
these management alternatives are not likely to 
result in significant, adverse, environmental impacts.

NORTHERN SPOTTED OWL HABITAT
The South Puget HCP planning unit contains the 
majority of  designated Dispersal Management Areas 
on lands managed under the 1997 HCP in western 
Washington. Due to past timber management 
activities, the current ecological conditions in these 
dispersal management areas are dominated by 
overstocked forests with high tree densities. These 
overstocked stand conditions do not contribute to 
the life requirements of  dispersing northern spotted 
owls; however they are included as meeting the 
HCP definition of  dispersal habitat because that 
definition has no required upper limit of  trees per 
acre.

When the 1997 HCP was written, it recognized 
the lack of  data relating to actual stand conditions 
and landscape patterns for successful spotted 
owl dispersal. For the purposes of  the HCP, the 
definition of  suitable dispersal habitat was identified 
as “interim” and it was assumed this definition 
would be replaced as better data became available 
(DNR 1997).  

MODIFICATIONS TO DISPERSAL HABITAT 
STRATEGIES
Since the signing of  the HCP, new scientific 
information was published on habitat use by 
dispersing spotted owls (Miller and others 1997), 
spotted owl demography during the dispersal 
phase (Forsman and others 2002), and deficiencies 
of  dispersal habitat definitions in Washington 
in meeting life requirements of  dispersing owls 
(Buchanan 2004). Based on this new scientific 
knowledge and understanding of  northern spotted 
owl dispersal requirements, as well as DNR 
assessments of  habitat conditions in forest stands 
that meet the current 1997 HCP dispersal habitat 
definition, the question was posed whether DNR 
could improve northern spotted owl conservation 
efforts through an adjustment of  the HCP dispersal 
habitat management strategy.  
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The process to change the habitat definition for 
this planning unit began in 2006 with numerous 
meetings and field visits with agency experts 
(Washington State Fish and Wildlife, US Fish and 
Wildlife Service, and DNR biologists), to view 
existing forest stand conditions and discuss habitat 
changes that result from specific silvicultural 
treatments. DNR, with assistance from the U.S. 
Forest Service, developed a modeling protocol to 
assess habitat conditions, resulting in a new dispersal 
habitat definition (p. 30).

Under Alternative A, DNR manages designated 
dispersal management areas according to the 1997 
HCP definition for dispersal habitat with a target 
of  maintaining at least 50 percent of  each Spotted 
Owl Management Unit (SOMU) in a dispersal 
habitat condition. The Draft EIS included a U.S. 
Fish and Wildlife Service Concurrence Letter (dated 
September 6, 2006) that identified specific areas 
for habitat enhancement activities to take place 
in Spotted Owl Management Units below the 50 
percent dispersal habitat target. All the enhancement 
activities identified in that concurrence letter 
have been completed and therefore are no longer 
included as a component in this Final EIS. 

Under Alternative B, northern spotted owl dispersal 
habitat conditions are assessed at the landscape scale 
instead of  the SOMU. The Draft EIS targeted 50 
percent of  a dispersal landscape to be in Movement, 
Roosting, and Forging (MoRF) conditions. In the 
Final EIS, the 50 percent habitat condition includes 
a target of  35 percent in MoRF conditions, with the 
remaining 15 percent in the newly defined South 
Puget Movement habitat (Text Box 2-2, p. 30).

Under Alternative C, the Draft EIS targeted 50 
percent of  a dispersal landscape in MoRF or better 
habitat conditions with an additional goal of  30 of  
the 50 percent in Type B (p. 30) or better habitat. 
Alternative C now targets 50 percent of  a dispersal 
landscape to include 35 percent in Type B or better 
and 15 percent in South Puget Movement or Better.

The key differences between Alternatives A and B 
are:

• Alternative A’s minimum habitat definition 
of  dispersal contains forest stands that are too 
overstocked to be considered as functional 
habitat for the northern spotted owl, but meet 

the HCP definition of  dispersal habitat. As a 
consequence, the strategy of  Alternative A never 
reaches a 50 percent threshold of  “functional” 
northern spotted owl habitat, where Alternatives 
B and C exceed this threshold.

• Alternative B’s minimum habitat definition 
(South Puget Movement habitat) includes all 
functional habitat; however, Alternative A does 
not include South Puget Movement habitat as 
part of  its definition. 

• Alternative B’s landscape management strategy 
includes a proportional goal of  higher-quality 
habitat to support foraging and roosting life 
history requirements of  the northern spotted 
owl.

• Alternative B is forecast to achieve desired 
habitat conditions in the designated landscapes in 
a shorter time than Alternative A.

Based on the analysis conducted in this document, 
shifting the accounting of  habitat to a larger 
scale (from SOMU level to landscape level) in 
conjunction with the new habitat definition, 
does not affect fragmentation or connectivity as 
measured by the Integral Index of  Connectivity 
(IIC) scores. When compared, the new strategy 
under Alternative B is projected to dramatically 
increase the habitat connectivity over the current 
strategy (Alternative A) as shown in Charts 4-24 to 
4-26 (p. 190).

ADAPTIVE MANAGEMENT
The adaptive management component of  the 
1997 HCP is an important tool for ongoing 
modifications of  DNR’s conservation strategies in 
order to respond to monitoring information and 
new scientific developments. The refinement of  the 
definition of  northern spotted owl dispersal habitat 
is one example of  the use of  adaptive management 
to successfully implement the conservation 
objectives outlined in the HCP.  

AIR QUALITY
When examining carbon emissions, the coefficient 
of  variance (Cv) values show little difference 
between Alternatives A and B, as seen in Table 
4-46 (p. 190), and represent little variation between 
decades. Alternative A has the highest emissions 
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overall because more timber is being harvested in 
the long-term. Alternative B is consistently lower 
than both Alternatives A and C. Of  the alternatives, 
Alternative C has the greatest variation in emissions 
over the planning period but also has the lowest 
mean value due to the removal of  the lowest timber 
volumes through a higher proportion of  thinning 
(Table 4-2, p. 125). The standing timber volume 
is the same for Alternatives B and C, but more 
harvestable volume is left standing because of  the 
added northern spotted owl habitat requirements. 
Based on the mean values in Table 4-46 (p. 200), 
Alternative C has the lowest overall emissions 
but also spikes in certain decades and shows that 
Alternative C has the highest level of  emissions in 
those decades. These spikes could pose a threat to 
air quality, although infrequently; their effects could 
be more severe than in other decades.

None of  the proposed alternatives create new 
policies or procedures related to air quality. 
Impacts related to air quality would result from 
the projected forest management activities within 
each of  the alternatives (Harvest Levels by Land 
Class, p. 126). The alternatives differ slightly in their 
effects on air quality, but none has a potential for 
significant environmental impacts relative to current 
conditions, beyond those anticipated and disclosed 
in the 1996 Draft Environmental Impact Statement for the 
Habitat Conservation Plan.

CARBON SEQUESTRATION
The overall average of  carbon for the planning unit 
is currently estimated at 83 tons per acre. All three 
management alternatives project higher levels per 
acre at the end of  the planning horizon in which 
Alternative A (95 tons per acre) has the lowest 
projected value, followed by Alternative C (107 tons 
per acre), and a slightly higher Alternative B (109 
tons per acre). Just as Alternative B produces more 
volume through its management regimes, it also 
sequesters more carbon than the other alternatives 
with a similar trend. Chart 4-27 reflects general 
trends for carbon sequestration levels for all three 
alternatives. Again, the management tactics used 
in Alternative B out-performs Alternative C, and 
especially Alternative A.  

LAND TRANSACTIONS
Since the publication of  the Draft EIS for the 
planning unit, the Board of  Natural Resources 
approved a land transaction (on June 2, 2009) 
resulting in approximately 20,600 acres being added 
in this planning unit, referred to as the North 
Fork Green River Trust Land Exchange. Although 
this land transaction added more acres to DNR 
management in this unit, the additional lands were 
not included in the analyses presented in Chapter 
4 of  this Final EIS; however, a separate analysis of  
this land exchange is presented in Appendix J.

The Draft EIS presented two alternatives related 
to land transactions. Alternative A discussed the 
purpose behind acquiring lands for short- and long-
term benefits for trust assets, where Alternative B 
included Alternative A’s strategies while pursuing 
additional forestlands in the Cascade Foothills. 

As presented in this Final EIS, the adverse impacts 
of  transferring parcels of  land out of  trust 
management that are isolated or difficult to manage 
are likely to be offset by the benefits of  acquiring 
replacement lands. Alternative B’s emphasis on 
acquiring larger blocks of  ownership in the Cascade 
Foothills may lead to less fragmented ownership and 
greater management benefits than Alternative A. 

Summary of the Forest Management 
Analysis
All of  the alternatives meet or exceed the HCP 
planning unit objectives for older-forest conditions, 
northern spotted owl habitat, and the 2007 
Sustainable Harvest Level as well as corresponding 
revenue targets which are summarized in Table 
ES-1. When the Draft EIS was published, the 
overall ranking of  the alternatives using the metrics 
in Table ES-1 was Alternative C, followed by 
Alternatives B and A. The new analysis of  the 
Alternatives presented in this Final EIS resulted in 
the same overall ranking (Table ES-1). Alternative 
B better balances the risks and uncertainties of  
new landscape management strategies for the 
northern spotted owl with the benefits of  improved 
landscape conditions and revenue production for 
the trusts.

The differences between Table ES-1 in the Draft 
EIS and in the Final EIS reflect the changes 
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to the forest landscape management strategies 
and corrections to the forest estate models’ 
representation of  the alternatives. The changes 
include: (1) modifications to the northern spotted 
owl dispersal conservation strategies; (2) a strategy 
to maintain an active forest management presence 
on each landscape through an even-flow of  harvest 
volume for each district; (3) inclusion of  a forester-
designed harvest schedule for the first decade; and 
(4) a corrected modeling design for riparian areas 
under the guidance provided in the Riparian Forest 
Restoration Strategy (Bigley and Deisenhofer 2006). 

Implementation of  the (Alternative B) preferred 
alternative’s forest management strategies is forecast 
to increase the harvest level in decade one by 
approximately 10 million board feet (mmbf) per 
year over the previous forecast volume from the 
2007 Sustainable Harvest Addendum (37 mmbf/per 
year versus 27 mmbf/per year). The harvested area 
also is anticipated to increase from approximately 
1,400 to 1,800 acres per year, at the same time 
increasing the amount of  variable retention (from 
700 to 1,000 acres) and thinning (from 345 to 780 
acres) harvest treatments. This Final EIS analyzes 
the environmental impacts from all the alternatives 
and their harvest levels.

With the increase in harvest levels, one might expect 
that the individual sustainable harvest units (DNR 
2006 Policy for Sustainable Forests, p. 29) that are 
within, or partly within this planning area also would 
increase their harvest levels. However, this is not the 
case. The only sustainable harvest units (identified in 
DNR 2004, p. 4-151 to 4-170) that are likely to see 

a change in their harvest levels are Pierce County 
State Forest Transfer (recommended increase) and 
Kitsap County State Forest Transfer (recommended 
decrease). The reasons for these recommendations 
are detailed in Appendix C. The increase in harvest 
level in Pierce County is largely because the 
preferred alternative’s forest management strategies 
are different from those included in the 2007 
Sustainable Harvest Addendum analysis; in particular, 
the landscape strategies related to northern spotted 
owl dispersal management areas have changed 
(Chapter 2, p. 29).

Major Conclusions, Environmental 
Impacts, and Mitigation Measures
The majority of  environmental impacts are related 
to the level and type of  harvesting activities 
occurring in watersheds in which DNR manages 
20 percent or more of  the land base. The type of  
timber harvest has an influence on forest conditions, 
and in the analysis affects the modeling results 
under each alternative. Forest conditions (and stand 
development stages) also are used as surrogates for 
a variety of  indicators to draw inferences about the 
anticipated environmental impacts.

None of  the management alternatives are expected 
to result in any probable, significant, adverse, 
environmental impacts to any of  the resource areas, 
relative to current conditions, beyond the analysis in 
the 1997 Habitat Conservation Plan, 2004 Alternatives 
for Sustainable Forest Management of  State Trust Lands 
in Western Washington and for Determining the Sustainable 
Harvest Level, and its 2007 Addendum, the 2006 Policy 

Mgmt. 
Alt.

Harvest 
Level 
Decade 
1

Gross 
Revenue 
Decade 
1

Long-term 
sustainable 
harvest 
level1

Cumulative 
NPV2 after 
100 years

Percent 
of Unit 
in Older-
Forest 
Conditions3 
by 2067

Date NSO5 

Dispersal 
Mgmt 
Area reach 
50% SP6 

Movement 
Habitat

Date NSO 
NRF7 
Mgmt 
Area 
reach 50% 
South 
Puget 
Movement 
Habitat

Growing 
Stock 
Change 
after 100 
years

MMBF $ Millions MMBF $ Millions Acres Decade Decade Percent

A 374 95 378 178 16% *4 2057 152%
B 367 106 320 171 21% 2047 2057 170%
C 410 126 313 179 26% 2037 2057 162%

1) Average over a projection of 100 years, 2) Net Present Value, 3) Niche diversification and fully functional forest development stages, 4) Alternative does not reach a 50 
percent target of South Puget Movement habitat in the dispersal management area in the 100 year projection, 5) Northern Spotted Owl (NSO), 6) South Puget, 7) Nesting, 
Roosting, Foraging

Table ES-1. Summary of Forest Management and Financial Analysis of the Proposed Alternatives for the Planning Unit
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for Sustainable Forests or additional analysis provided 
at the watershed level within this Final EIS. 

MITIGATION MEASURES
Mitigation for environmental impacts from the 
management activities that will take place in this 
planning unit are provided in DNR’s numerous 
state-wide procedures, the 2006 Policy for Sustainable 
Forests, and through the Forest Practices Rules Chapter 
222 WAC, specifically road maintenance and 
abandonment (222-24-050). The 1997 Habitat 
Conservation Plan for forested state trust lands 
provides mitigation for incidental take for specific 
federally listed species, including the northern 
spotted owl (Strix occidentalis caurina), marbled 
murrelet (Brachyramphhus marmoratus), and a number 
of  salmonid species. The 1997 HCP also conserves 
habitat for unlisted species in western Washington.

Next Steps in the Process
All three alternatives meet or exceed the planning 
objectives laid out in the project scoping notice 
(Appendix A). Following the publication of  the 
Final EIS, an alternative will be selected by DNR, 
based on the analysis presented in this document. 
The final preferred alternative could have various 
features of  the other alternatives and “mix and 
match” them using the following information:

• Analyses in this Final Environmental Impact 
Statement. 

• Additional analyses (for example, a financial 
analysis) provided by DNR staff.

• Review of  public comments on the Draft EIS 
(Appendix O).

Any changes made to the selected alternative and 
its strategies will become a part of  the South Puget 
Forest Land Plan; which is a compilation of  the 
strategies developed in this process and used to 
guide on-the-ground management of  forested state 
trust lands within the South Puget HCP Planning 
Unit.  
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T
he focus of  this Environmental Impact 
Statement (EIS) is the development of  a 
forest land plan for the management of  
the South Puget Habitat Conservation 
Plan Planning Unit (the planning unit) 

through the comparison of  a reasonable range 
of  alternatives and their probable significant 
environmental impacts. The forested state trust   
lands in the planning unit are commonly referred to 
as the Elbe Hills, Tahoma, Tahuya, Green Mountain, 
Sherwood, Tiger Mountain, McDonald Ridge, and 
Grass Mountain state forests.

This chapter summarizes the responsibilities of  
Washington’s Department of  Natural Resources 
(DNR) and the background and objectives of  
forest land planning. The chapter also describes the 
public outreach process and how alternatives were 
developed and modified through the environmental 
analysis. The analysis in this document is based on   
all reasonably available information.1

Statewide, DNR manages about 3 million acres of  
state trust lands — 2.1 million acres of  forestlands, 
about 1 million acres of  irrigated and dryland 
agricultural, grazing lands, and some commercial 
properties.

DNR also manages 2.4 million acres of  state-
owned aquatic lands (beds of  marine waters,                 
some tidelands, and all navigable lakes and rivers), 
and is the steward of  31,000 acres in 51 Natural 
Area Preserves (NAPs) and 88,000 acres in 31 
Natural Resource Conservation Areas (NRCAs). 
DNR’s varied additional duties include fighting 
wildfires and regulating forest practices on all non-
federal forestlands in the state as well as regulating 
surface mining and reclamation.

Forested state trust land management is carried out 
within the framework of  state and federal laws; the 
state constitution; the federal Enabling Act of  1889; 
DNR’s 2006 Policy for Sustainable Forests, 1997 Habitat 
Conservation Plan, and 2004 Sustainable Harvest Final 
EIS and its 2007 addendum; and with oversight and 
policy direction provided by the Board of  Natural 
Resources (Board). DNR also follows current 
Washington State Forest Practices Rules.2 

DNR has a commitment to carry out a localized 
level of  planning to help integrate local information 
and conditions into this broader policy framework 
(DNR 2006b). The local level plan is intended to 
guide management activities implementing the 
broader policy framework in the planning unit. 

Mount Rainier from Elbe Hills
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Through the planning process, DNR has identified 
local natural resource issues and created strategies to 
address them, although site-specific on-the-ground 
activities (timber sales, road building, recreation 
trails, or facilities improvements) are not included at 
this level of  planning. The plan offers and analyzes 
strategies that guide those activities.

This document compares the reasonable 
alternatives, which have been modified based 
on comments received since the Draft EIS was 
published, and provides an assessment of  the 
probable, significant, adverse environmental 
impacts. The discussion is designed to inform 
decision-makers and the public about the 
alternatives — including the mitigation measures 
that prevent or minimize adverse impacts or 
enhance environmental quality.

Washington State  
Trust Lands

What is a Trust?
A trust is a relationship in which a person (or 
entity), the trustee, holds title to property that    
must be kept or used for the benefit of  another,   
the beneficiary. 

What Are Forested State Trust Lands?
When Washington became a state, Congress used 
the Enabling Act to grant the new state more than 
3.2 million acres of  land as a source of  financial 
support — primarily for public institutions (the 
federally granted lands). An additional 618,000 
acres of  forestland were acquired, mostly during           
the 1930s when foreclosed, tax-delinquent, cut-over, 
and abandoned forestlands were deeded by the 
counties to the state (the State Forest trust lands). 

Unlike many states that sold their trust lands early 
in the 1900s, Washington retained ownership and 
continues to manage them to provide a permanent 
source of  revenue and other benefits for the 
people of  Washington (DNR 2006b). Most state-
owned lands were ceded to the United States by 
local tribes and later given to Washington when it 
gained statehood. The Point Elliot Treaty of  1855 
generally applied to ceded lands in the greater Puget 
Sound area, with Tribes retaining rights for hunting, 
fishing, and gathering berries and roots where lands 
appeared “open and unclaimed”.

Who Are the Beneficiaries?
The beneficiaries of  the federally granted lands are 
designated state institutions such as public schools, 
state universities, and charitable, educational, penal, 
and reformatory institutions. The Enabling Act 
established and the State Constitution gave direction 
for management, including restrictions involving the 
trust lands. In addition, the Legislature gave further 
guidance for managing the federally granted trusts 
by directing that trust lands remain as commercial 
forests to help fund local services in counties 
in which the lands are located. Some trust lands 
also contribute to the state general fund and are 
earmarked for education.

The beneficiaries of  the State Forest trust lands are 
counties, their junior taxing districts, and the state 
general fund. The legislature created the State Forest 
trust lands, and delegated management of  the trust 
lands to DNR.Regeneration Harvest in Elbe Hills
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What is the Trust Mandate?
The 1984 landmark decision County of  Skamania 
v. State of  Washington identified two key trustee 
duties, commonly referred to as the trust mandate.3 
Washington’s Supreme Court stated that (1) a 
trustee must act with undivided loyalty to the trust 
beneficiaries, to the exclusion of  all other interests, 
and (2) a state’s duty as trustee is to manage trust 
assets prudently (DNR 2004).

The Legislature, as trustee, requires the Board 
and DNR (as the trust land manager) to establish 
policies to ensure that, based on sound management 
principles, trust assets are managed sustainably to 
benefit the trusts.4

What Are the Benefits of Forested 
State Trust Lands?

ECOLOGICAL BENEFITS
By managing trust lands as working forests, DNR 
ensures long-term, sustainable, healthy ecosystems 
that have added environmental benefits for the 
people of  Washington and their quality of  life. 
Forested state trust lands benefit all biodiversity 
components while healthy, productive forests 
sequester carbon and contribute to clean air. In 
addition, forest watershed systems are sources 
for municipal water supplies and provide quality   
habitat for aquatic organisms. 

SOCIAL AND CULTURAL BENEFITS
Forested state trust lands provide important 
opportunities for public access and recreation. 
DNR is committed to protecting areas of  tribal 
interest and cultural concern. Many tribes desire 
to protect and perpetuate their burial sites, 
cultural objects, sacred sites, gathering sites, trails, 
landscapes, languages, dances, mythologies, and 
other connections to their off-reservation ancestral 
homelands. Tribes continue to use these resources 
to teach their younger generations through 
traditional and modern-day practices. DNR is 
committed to building government-to-government 
relationships with affected tribes through 
consultation and communication when culturally 
sensitive lands are at risk.

Public access to state trust lands is guided by 
the Multiple Use Act.5 Recreation activities 
are supported by developed facilities such as 
campgrounds, boat ramps, trailheads, and trails 
in many of  the forest areas. There are additional 
opportunities for dispersed recreation across the 
majority of  forested trust landscapes. Some of  these 
activities include hiking, horseback riding, and trail 
riding using both motorized and non-motorized 
vehicles. Statewide, outdoor recreation visitors make 
more than nine million visits annually to forested 
state trust lands.

State trust lands contain many historic sites, 
including remnants of  logging, mining, homesteads, 
and early transportation routes. Cultural sites take 
many forms: vision quest sites, ceremonial bathing 
areas, and gear storage locations, as well as plant 
gathering and hunting sites. Trust lands are managed 
to protect and preserve these cultural sites.

ECONOMIC BENEFITS 
Each year, public institutions receive millions of  
dollars in trust revenues from timber harvesting 
and leasing of  agricultural lands, communication 
sites, wind farms, and a few commercial properties. 
Since 1970 management of  these state trust lands 
has earned $6.7 billion in trust revenue—funds that 
didn’t come from taxes. Of  this, the forested state 
trust lands have produced more than $4.55 billion.

Management of  state trust lands also supports 
local economies by supplying jobs in the forest 
and agricultural industries to nearby communities. 
Some niche industries depend on products 
from trust lands. In addition, these lands often 
attract recreationists who spend money in these 
communities. 

Finally, the supply of  wood and agricultural 
products from state trust lands helps maintain 
the infrastructures of  the forest and agricultural 
industries and the rural economies that depend on 
them. Moreover, this forest management occurs 
with strict environmental protection, so that local 
use of  wood products from these lands tends to 
reduce importing products from forests outside 
Washington that may not be managed sustainably  
or that do not meet Washington’s high standards.
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Text Box 1-1. How Do Trust Lands Benefit You?

Forested state trust 
lands provide more 
than a quarter of 
a billion dollars in 
tax-free revenue 
each year to specific 
beneficiaries; the 
trust lands also 
provide abundant 
and diverse social, 
ecological, and 
economic benefits 
to present and 
future citizens of Washington. More particularly, these 
trust lands help us keep our air and water clean and 
provide wildlife habitat and places for people to play 
— a unique constellation of multiple benefits not 
provided by any other private or public landowner in 
Washington. 

Regulatory Framework 

What Is the State Forest Practices 
Act? 
In 1974, the Legislature passed the Forest Practices 
Act6, which regulates activities related to growing 
and harvesting timber on all non-federal forestlands 
in the state, including forested state trust lands. 
The Forest Practice Rules7 give direction on how to 
implement the Act. 

In July 2001, the Forest Practices Board amended 
the rules to be consistent with the 1999 Forests and 
Fish Report.8 The objectives of  the Report are to 
protect public resources, focusing on water quality, 
salmon habitat, and other aquatic and riparian 
resources. 

Forest Practices field staff  in DNR’s six regions 
administer and enforce the rules. The Forest 
Practices Division provides staff  support to the 
Forest Practices Board and programmatic oversight 
for the regions and is entirely independent of  
the state trust land programs that manage the 
forested state trust lands. DNR’s proprietary trust 
land managers are subject to the same rules and 
regulations as private landowners. 

What is the Federal Endangered 
Species Act? 
The purpose of  the Endangered Species Act (ESA) 
is to prevent the extinction of  native species and 
conserve the ecosystems upon which they depend.9 
Federal wildlife agencies list species that are at some 
level of  threat of  extinction.

To comply with the ESA and protect species on 1.6 
million acres of  forested state trust lands—mostly 
in western Washington—DNR negotiated a habitat 
conservation plan (HCP) in 1997 with the US 
Fish and Wildlife Service (USFWS) and NOAA’s 
National Marine Fisheries Service, collectively 
referred to as the “federal services”. 

This multi-species HCP for western Washington 
takes a landscape approach to minimize and mitigate 
any incidental impact to threatened and endangered 
species or their habitats (specifically the northern 
spotted owl and marbled murrelet) while conducting 
lawful activities, such as timber harvest or other 
forest operations. The HCP is intended to offset 
any harm caused to individual animals through 
DNR operations by developing improved habitat 
conditions to support viable species population 
levels. 

What Other Laws Impact DNR 
Management?
DNR complies with all other applicable state 
and federal laws. Some examples include the 
Shoreline Management Act, intended to protect 
valuable shoreline resources, and the Clean 
Water Act, which established the basic structure 
for regulating discharges of  pollutants into the 
waters of  the United States. The Clean Air Act, 
State Environmental Policy Act (SEPA), Multiple 
Use Act, and certain local laws also affect the 
management of  the state’s forested land base 
managed by DNR.
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DNR’s Objectives
The purpose of  the South Puget forest land plan 
is to develop management strategies that provide 
guidance at the operational level. The strategies of  
each alternative are based on local conditions and 
issues (ecological, social-cultural and economic) 
and are implemented throughout the planning 
area over the long-term. Of  course, management 
strategies also are designed to implement Board 
policies, which in addition to other benefits ensure     
revenue to trust beneficiaries and habitat for 
multiple species.

Although the desired outcomes could be achieved 
without the aid of  a formalized planning process, 
a forest land plan allows DNR to analyze and 
demonstrate the effectiveness of  its cumulative 
management actions over the planning unit at 
multiple points in time.

What Is the Need for this Plan?  
Planning the land management logistics for 
numerous resources and uses addressed in DNR 
policy is central to this process. Implementation 
strategies that are customized to apply policy-
level guidance at the local level assist DNR in 
managing the state’s diverse landscapes and provide 
valuable feedback on the policy framework. For 
instance, strategies can be customized to address 
different local concerns regarding areas such as 
Tiger Mountain or Tahuya State Forest while still 
complying with DNR’s state-wide policies. 

DNR’s management paradigm has seen fundamental 
changes in recent years. The Board adopted the 
2006 Policy for Sustainable Forests, 2004 Sustainable 
Forest Management direction10 contained in the 
Sustainable Harvest Final EIS (DNR 2004) and an 
addendum approved in July 2007. Forest land 
plans will demonstrate DNR’s ability to achieve 
measurable objectives in a specific management  
unit that meet the intent of  Board-adopted    
policies and direction.

DNR manages approximately 146,000 acres of  
forested state trust lands in the South Puget 
planning unit alone, and must manage them 
consistent with ongoing direction from the Board. 
DNR managers are expected to meet the varied and 

sometimes competing public expectations of  land 
use and revenue generation, while balancing wildlife 
habitat, environmental values, and other social-
cultural objectives.

What Are DNR’s Goals and 
Objectives? 
The objective for the alternatives is to achieve the 
desired outcomes central to the purpose and need 
(refer to scoping notice in Appendix A), such as 
the social-cultural, environmental, and economic 
considerations DNR is fulfilling. 

Revenue is generated through the management of  
trust lands, which includes the sale of  timber and 
the leasing of  agricultural and commercial property. 
In the next ten years (2009-2019), the planning unit 
is projected to contribute about $79 million from 
the sale of  265 million board feet of  timber. 

How will DNR Report on the 
Implementation of the Selected 
Alternative?
The selected alternative contains strategies designed 
to provide on-the-ground guidance for a variety 
of  topics (Appendix B). A watershed-level (WAU) 
report containing the harvest levels and types will 
be prepared every 10 years as part of  the Habitat 
Conservation Plan decadal comprehensive report. The 
first selected alternative report will be completed 
in 2020. This report would compare and track the 
differences between the projected decadal levels 
provided in this analysis to actual implementation 
statistics. During this review a determination 
will be made on whether there are any needed 
modifications to the plan and what kind of  
environmental analysis might be needed.

The selected alternative will be monitored through 
DNR’s planning and tracking system, which is used 
by field staff  to document silvicultural prescriptions 
for selected forest management units (FMUs). The 
planning and tracking system documents the type 
of  harvest activities and amount (acres affected) and 
can be reported at a variety of  scales (planning unit, 
watershed, sub-basin). 
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Map 1-1. Vicinity Map of the South Puget Habitat Conservation Plan (HCP) Planning Unit
Created by Rebecca Niggemann  9/26/07
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Components of the 
Planning Area
The South Puget planning area boundaries were 
delineated in the 1997 Habitat Conservation Plan 
(refer to Map 1-1). HCP planning units were 
delineated by clustering Water Resource Inventory 
Areas (WRIAs), as defined by the Washington State 
Department of  Ecology (Ecology). The counties 
and parts of  counties in this planning unit that 
contain DNR-managed trust lands include southern 
King, Pierce, eastern Thurston, north-central Lewis, 
Kitsap, and eastern Mason. The Cedar, Green, 
White, Carbon, Puyallup, Nisqually, and Deschutes 
rivers also are included in the planning unit. 

This planning unit is the most densely populated 
region in Washington, with more than 50 percent 
of  its area supporting urban environments. Most of  
the unit is located in the Puget Trough ecoregion. 
However, small portions are located in the 
neighboring West Cascades ecoregion. 

The Puget Trough
The Puget Trough includes the marine waters of  
the Puget Sound and the lowlands. Nearly eighty 
percent of  the planning unit is below 3,000 feet 
in elevation; half  — mostly the lands immediately 
adjacent to Puget Sound — are less than 1,000 feet 
in elevation. The Olympic Mountain rain shadow 
strongly influences the climate and precipitation 
(usually in the form of  rain) averages 20 to 70 
inches per year. Summers are generally warm and 
dry, and winters are relatively mild. 

Forests in this region are dominated by Douglas-
fir with western hemlock and western red cedar 
as primary species. The conifer forest mosaic 
is interspersed with hardwood species such as 
bigleaf  maple and red alder. In addition to forests, 
the ecoregion contains a number of  grasslands, 
wetlands, bogs, riparian areas and estuaries. 

The West Cascades
The highlands of  the West Cascades ecoregion 
receive from 50 to 140 inches of  precipitation every 
year, and higher elevations are often packed with 
snow. This ecoregion is very large and ecologically 
diverse due to the various ecosystems including 
riparian areas, wetlands, grassy balds, and oak 

woodlands. Conifer forests consisting mainly of  
Douglas-fir and western hemlock mixed with red 
alder and bigleaf  maple cover the landscape at 
all elevations. Middle elevations in this area also 
contain Pacific silver fir and noble fir. Although the 
highest DNR-managed forests in this planning area 
are at about 5,000 feet, mountain hemlock and silver 
fir forests are found at about 7,000 feet, along with 
sub-alpine parklands. 

How Did DNR Identify 
Significant Issues? 

Stakeholder Workshops 
In June 2005, DNR held three stakeholder 
workshops to discuss forest land planning for the 
Elbe Hills, Tahoma, Tahuya, Green Mountain, 
Sherwood, Tiger Mountain, McDonald Ridge, and 
Grass Mountain State Forests. Public notices and 
press releases invited interested parties to attend 
these workshops. In addition, personal invitations 
were sent to people and organizations actively 
involved with DNR. These stakeholders included 
recreation groups, environmental organizations, and 
members of  the timber industry. 

A total of  47 people participated in three meetings 
located in Eatonville, Belfair, and Issaquah. The 
attendees offered local information and expressed 
their concerns related to the forested state trust 

Public Scoping Meeting Participants
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lands in the planning unit. Participants listened to a 
presentation on the preliminary stages of  planning, 
and then shared information with DNR; their 
information was collected directly onto forest maps. 
Participants discussed how they use these forests 
and their concerns about forest management in 
specific areas.

Scoping 
Scoping — that is, defining the scope of  the issues 
to be addressed in environmental review — has 
several major purposes during the development 
of  an EIS. First and foremost, scoping helps 
to limit the focus of  an EIS to include only the 
significant environmental issues. Scoping includes 
public comment that helps the agency recognize 
areas of  concern and focus on only probable 
significant adverse impacts and reasonable 
alternatives.11 Comments from concerned citizens 
and organizations also help agencies identify   
reasonable alternatives to be analyzed in an EIS. The 
opportunity to comment during the scoping process 
also helps promote agency and public interaction.

The SEPA process was formally initiated with the 
scoping notice and a “threshold determination of  
significance” released on July 12, 2006, followed 
by a series of  public meetings held throughout the 
planning unit on the following dates:

•	 July 25, 2006—Nisqually Lodge, Ashford 

•	 July 26, 2006—Mary Theler Community 	
	 Center, Belfair

•	 July 27, 2006—Kiwanis Club, Issaquah

In all, about 80 individual comments were received 
regarding DNR management of  forested state 
trust lands in the planning unit during the scoping 
comment period (July 12, 2006 through August 
11, 2006). These comments capture diverse issues, 
ideas, and opinions proposed by the public and were 
summarized by subject and responded to in January 
2007. Careful review of  this document helped DNR 
narrow the scope of  issues to be considered as 
alternatives further examined in the Draft EIS.

Development of Forest Management 
Alternatives 
SEPA requires DNR to examine probable, 
significant, adverse environmental impacts. DNR 
considered a range of  reasonable alternatives, 
consistent with the scoping notice published on  
July 12, 2006 (Appendix A). 

Alternatives are basic building blocks of  an EIS. 
The alternatives present meaningful comprehensive 
management options to decision-makers. The 
management strategies that were considered 
by DNR determined the characteristics of  the 
alternatives reviewed in the Draft EIS. The three 
alternatives were developed from ideas and 
concerns expressed by participants of  public 
meetings, written comments received during the 
scoping comment period, and from DNR staff, with 
review and approval of  DNR’s Planning Project 
Steering Committee.

Reasonable Alternatives Considered
The focus of  this document is to help decision-
makers by comparing a reasonable range of  
alternatives for this planning unit, and their 
probable, significant, adverse environmental 
impacts. SEPA requires an EIS to analyze those 
impacts caused by an agency’s proposed actions. 
The intent is to provide information so that 
decision-makers can weigh environmental impacts 
and alternatives as part of  their decision-making. 
The analysis is based upon all reasonably available 
information.12 

An EIS evaluates the proposal, including a 
preferred alternative, if  any, and its environmental 
impacts; current or baseline management strategies; 
and other reasonable alternatives, including 
mitigation measures. The alternatives are designed 
to evaluate whether the proposal objectives 
defined in the scoping notice can be achieved at 
a lower environmental cost or decreased level of  
environmental impact.13 
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The Project’s Steering Committee 
The Steering Committee served as decision-makers 
during the development of  the forest land plan 
strategies and this analysis. The Steering Committee 
listened to issues and recommendations from 
DNR’s programs and project managers to make 
their decisions. Each steering committee member 
was responsible for keeping different entities 
informed about the progress and process used in 
the development of  this planning proposal.

State Environmental Policy Act Non-
Project Proposal
The South Puget forest land plan is a “non-
project action” under SEPA. Non-project actions 
include the analysis of  plans, policies, programs, 
or regulations that contain standards controlling 
the use of  the environment or that will regulate 
or guide future actions that would occur on the 
ground.14 Non-project actions are not site-specific 
in nature and therefore do not warrant site-specific 
environmental analysis. Future management choices 
on the forested state trust lands will depend, in-part, 
on the decisions made during this process, but no 
specific on-the-ground activities will be designed as 
part of  this Final EIS.

Text Box 1-2. The Role of the State Environmental 
Policy Act (SEPA)

SEPA review is required on proposals for project and 
non-project actions.DNR will propose future project 
and non-project actions related to this planning effort. 
They will range from programmatic harvest scheduling 
scenarios to site-specific proposals for management 
activities such as the development of recreation sites 
and timber sales.

The Draft EIS
A range of  alternatives were presented in the 
Draft EIS, published on July 18, 2008. The Draft 
EIS analyzed the probable, significant, adverse, 
environmental impacts associated with the direction 
and strategies of  the three alternatives. 

Development of the Final EIS
The Final EIS reflects consideration of  comments 
received during the EIS comment period, July 18, 
2008 to August 18, 2008. During this time period a 
series of  public meetings were held from 6:00 p.m. 
to 8:00 p.m. on the following dates and at these 
locations:

•	 July 29, 2008—Nisqually Lodge,  
    Ashford, WA

•	 July 30, 2008—King County Library  		
Administration Service Center, Issaquah, WA

•	 July 31, 2008—North Mason Timberland   	
	 Library, Belfair, WA

A summary of  the comments received and 
responses to them can be found in Appendix A. 
Included in the comment responses are references 
to the sections they are addressing.

The results presented in this document are meant to 
provide decision-makers with a clear understanding 
of  the environmental consequences of  each 
alternative.

Members Position Responsibility
Clay Sprague Deputy Supervisor for Uplands Decision Maker
Gretchen Nicholas/ 
Jed Herman

Forest Resources and Conservation 
Division Manager

Chair of Committee- Liaison to other  
Division Managers

Rodney Cawston Tribal Liaison Liaison to Tribal Stakeholders
Randy Acker Region Manager Representation Liaison to Region Managers and Staff
Craig Partridge Policy Director Provides Policy Interpretation
Aaron Toso Communications Director Provides Communications Advice

Table 1-1. Steering Committee Members
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What Is in the Other Chapters?
Chapter 2 describes the three reasonable 
alternatives in detail. They reflect management 
strategies considered by DNR and resulted in the 
following list of  issue topics: product marketing 
and leasing, land transactions, older forests, forest 
health, hydrologic maturity, northern spotted owl, 
recreation and access, and visual impacts. The 
alternatives described are Alternative A— current 
management or “no action”; Alternative B 
— DNR’s preferred direction; and Alternative C 
— exploratory options. Alternative C contains 
strategies that still fall within the existing policy 
sideboards but explore different implementation 
strategies.

Chapter 3 describes the environmental setting and 
management today of  the South Puget planning 
unit landscapes. 

Chapter 4 describes the environmental effects and 
examines the environmental consequences as well as 
mitigation measures for significant impacts caused 
by the alternatives.

End Notes

1    Chapter 197-11 Washington Administrative Code [WAC]
2    Chapter 76.09 Revised Code of Washington [RCW] and 	         	
      Chapter 222 Washington Administrative Code [WAC]
3    County of Skamania v. State of Washington, 102 Wn. 2d    	
      127, 132, 685 P. 2d 576 (1984)	
4    Chapter 43.30.215 Revised Code of Washington [RCW]   		
      (formerly RCW 43.30.150(2) and (6) and AGO 1996-11. The 
      2006 Policy for Sustainable Forests contains a succinct   	
      discussion of the trust mandate and common law duties of a 	
      trustee as interpreted by DNR and approved by the Board.
5    Chapter 79.10.100 Revised Code of Washington [RCW]
6    Chapter 76.09.030 Revised Code of Washington [RCW]
7    Chapter 222 Washington Administrative Code [WAC]
8    Chapter 76.09.055 Revised Code of Washington [RCW]
9    16 U.S.C. 1531 et seq.
10  Board Resolutions 1110 and 1134 
11  Chapter 197-11-408 Washington Administrative Code [WAC]
12  Chapter 197-11 Washington Administrative Code [WAC]
13  Chapter 197-11-440(5) Washington Administrative Code 	     	
      [WAC] 
14  Chapter 197-11-704(2)(b) Washington Administrative Code 	
      [WAC]
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T 
his chapter describes and compares 
Alternative A (No Action) to the 
others considered by DNR to develop 
management strategies to guide on-the-
ground implementation of  broader policy 

direction provided in the 2006 Policy for Sustainable 
Forests and the 1997 Habitat Conservation Plan (HCP).

Like any private trust manager, DNR must develop 
and carry out land management strategies which 
strike the appropriate balance between current 
and future income production and the long-
term preservation of  trust assets. To fulfill these 
mandates, specific governing policies from the 
Board of  Natural Resources (Board) direct the 
management of  forested state trust lands. DNR 
develops administrative procedures to effectively 
and efficiently implement Board-approved 
policies. While complying with all board policies 
and procedures, DNR retains the flexibility in its 
field operations to respond to changing or unique 
circumstances. 

Public and agency input resulted in changes from the 
Draft EIS to the Final EIS including: addition of  a 
catastrophic loss component (p. 27), changes in the 
alternatives to customize an approach toward habitat 
for the northern spotted owl (p. 29), a discussion 

of  the impacts of  even-flow of  harvest activities to 
visual resources (p. 35), and the hydrologic maturity 
management strategy for Lake Tahuya (p. 28). 

The alternatives are presented by topic, with short 
descriptions to assist the reader in comparing them. 
Specific strategies to implement each particular 
approach are included in Appendix C. The State 
Environmental Policy Act (SEPA) requires that 
DNR analyze only probable, significant, adverse 
environmental impacts, and that the analyses are 
based on reasonably available information. The  
level of  detail of  each analysis is commensurate 
with the importance of  the impact.1 

Once alternatives were developed, DNR used 
various analytical tools to evaluate each alternative 
to understand potential short- and long-term 
consequences of  such actions. Forest modeling 
tools are used to compare the results of  the 
different alternatives which are presented in  
Chapter 4; a description of  these models are 
presented in Appendix C. Models produce results 
that are reviewed for operational feasibility, costs 
and revenue, and the environmental impacts 
analyzed in this document.

Commercially thinned stand in Elbe Hills
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A

ltern
atives



16								                         Washington Department of Natural Resources

Text Box 2-1. Creation of the Preferred 
Alternative

The forest land planning process helps Washington’s 
Department of Natural Resources (DNR) develop 
management strategies to guide on-the-ground 
implementation of department policies and procedures. 
Implementation strategies are not developed with a 
one-size-fits-all approach, but are varied based on site-
specific conditions and information. 
 
The alternatives provided in this Final Environmental 
Impact Statement (Final EIS) were developed based 
on DNR management objectives and written and oral 
comments received during the public comment period 
in July/August 2008. Those comments received from 
the public on specific topical issues assisted DNR in 
modifying the alternatives or providing a more detailed 
discussion.

The primary purpose of a Final EIS is to present 
a discussion of probable, significant, adverse 
environmental impacts of the alternatives, and identify 
mitigation measures that avoid or minimize any adverse 
environmental impacts.

DNR developed the preferred alternative, which will 
be reviewed by the department’s Deputy Supervisor 
for Uplands, and must be approved by the supervisor 
before implementation may begin.

Risk and Uncertainty in 
Forest Modeling 
Forest management models provide a useful way to 
generate information comparing potential outcomes 
of  alternative management strategies, both now 
and into the future. For complex and interrelated 
problems, such as the management of  forests, 
computer models provide a tool by which decision-
makers can explore and consider the potential 
outcomes of  their choices. Models do not supply 
definitive answers; rather, they provide information 
useful for understanding potential outcomes of  
alternatives.

Models have a number of  uncertainties, often 
due to the necessity of  simplifying complex data. 
In the modeling process, assumptions must be 
made for uncertainties and DNR clearly defines 

its assumptions. For example, if  the health of  the 
forest was not expected to have any significant 
adverse environmental impacts on the state of  
the forest then the associated risk of  modeling 
forest health would be considered low. When the 
risk is low, it may be important to discern only the 
relative differences between alternatives. When the 
information is important to decision-makers, or 
the level of  environmental risk is higher, then the 
assumptions associated with the outputs are more 
clearly defined (DNR 2004). 

However, while DNR may improve its models as 
it obtains more accurate scientific information, the 
primary purpose of  modeling is the exploration 
and discovery of  potential consequences of  
management options over time. For more 
information on DNR’s general modeling process 
and results, refer to Appendix B of  the Sustainable 
Harvest Final EIS (DNR 2004). For more modeling 
outputs and sensitivity analyses related specifically to 
this process, refer to Appendices C and D.

Purpose of Alternatives
The alternatives were designed to (1) meet the 
purpose and need statement (p. 7), (2) facilitate 
analyses of  different options, (3) reflect public 
and tribal comments, and (4) provide direction for 
on-the-ground operations. The strategies to be 
implemented throughout the planning area, over 
the long term, are based on local ecological, social-
cultural, and economic conditions. The alternatives 
are designed to examine a range of  options to 
achieve DNR’s goals.

Guided by the overall policy direction of  the Board 
of  Natural Resources, alternatives will address goals 
in the following areas:

Ecological (Ecosystem Health & 
Productivity)
DNR conservation efforts will focus on sustaining 
biodiversity, recognized as the fundamental guiding 
principle of  sustainable forest management (DNR 
2006b).
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Map 2-1. Administrative Units in the South Puget HCP Planning Unit
                  Map by Rebecca Niggemann  9/26/07
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maintaining compliance with state and federal laws. 
The performance criteria reflecting this policy 
and legal direction are the alternatives’ ability 
to achieve the desired future forest conditions, 
timber volume flow, and net present value of  the 
forest over the long-term, while considering Tribal 
interests, providing recreational opportunities, and 
determining their environmental effects on natural 
resources. Alternatives also require the funding and 
other resources necessary to implement them.

Do the Alternatives Meet 
the Project Objectives? 

All of  the alternatives meet or exceed the 
HCP planning objectives for older-forest 

conditions, northern spotted owl 
habitat, and the 2007 sustainable 
harvest level and revenue targets 
which are summarized in Table 

2-1. When the Draft EIS was 
published, the metrics for million 
board feet (MMBF) in Table 2-1 

Social-Cultural
DNR social and cultural benefits are focused on the 
direct role that forested state trust lands play in the 
lives of  Washington’s residents, including access for 
varied recreation, educational and other uses and 
jobs in communities that rely on timber supply and 
products or on recreation. 

Economic
DNR economic efforts are related to revenue 
production for all state trust beneficiaries.

DNR used efficiency and 
effectiveness of  the various 
strategies in achieving these goals 
to develop the alternatives. 
Each alternative must meet 
the defined scope of  this 
proposal, as well as all Board 
of  Natural Resources’ 
resolutions, policies, 
and procedures, 
while 
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ranked Alternative C first, followed by Alternatives 
B and A, respectively. In this document, the 
alternatives now rank as Alternative C, followed by 
Alternative A then Alternative B. 

The differences between Table 2-1 presented in the 
Draft EIS and the one below are associated with the 
changes to the forest estate models representing the 
Alternatives. The changes include: (1) modifications 
to the northern spotted owl dispersal conservation 
strategies; (2) a strategy to maintain an active forest 
management presence on each landscape through 
an even-flow of  harvest volume for each district; (2) 
a forester-designed harvest schedule for the  
first decade; and (3) a corrected modeling design 
for riparian areas under the direction of  the Riparian 
Forest Restoration Strategy (Bigley and Deisenhofer 
2006). 

Implementation of  the preferred alternative 
(Alternative B) forest management strategies are 
forecast to increase the harvest level in decade one 
by approximately 10 million board feet (MMBF) 
per year over the previous forecast volume from the 
2007 Sustainable Harvest Addendum (37 MMBF/per 
year versus 27 MMBF/per year). The harvested area 
is also anticipated to increase from approximately 
1,400 acres per year to 1,800 acre per year at the 
same time increasing the amount of  variable 
retention (700 to 1000 acres) and thinning (345 
to 780 acres) harvest treatments. This Final EIS 
analyses the environmental impacts from these  
new harvest levels.

With the increase in harvest levels, it is expected 
that the individual sustainable harvest units (DNR 
2006, p. 29) that are within, or partly within, this 

planning area would also be expected to increase 
their harvest levels. However, this is not entirely 
true. The only sustainable harvest units (identified in 
DNR 2004, p. 4-151 to 4-170) that are likely to see 
a changed in their harvest levels are Pierce County 
State Forest Transfer (recommended increase) and 
Kitsap County State Forest Transfer (recommended 
decrease). The reasons for these recommendations 
are detailed in Appendix C. This increase in harvest 
level in Pierce County is largely because of  the 
preferred alternative’s forest management strategies 
are distinctly different from those included in the 
2007 sustainable harvest analysis; in particular, the 
landscape strategies related to northern spotted owl 
dispersal management are quite dissimilar (p. 29).

Direction Applied to All  
Alternatives
The South Puget HCP planning unit is divided 
into four administrative units—Snoqualmie, Black 
Diamond, Elbe Hills, and Belfair. These units 
represent the major areas managed within the 
planning unit by DNR’s South Puget Sound Region. 
The administrative units are further broken down 
into forest blocks including: Green Mountain, 
Tahuya, Tiger Mountain, Enumclaw, Elbe Hills, and 
Tahoma (Map 2-1).

Recent western Washington management 
procedures include the 2006 HCP Implementation 
Procedures for the Riparian Forest Restoration Strategy and 
Identifying and Managing Structurally Complex Forests 
to Meet Older-Forest Targets (Westside) (Appendix E).  

Table 2-1. Summary of Forest Management and Financial Analysis of the Proposed Alternatives  
for the Planning Unit

1 Average over a projection of 100 Years
2 Net Present Value
3 Biomass Accumulation, Niche Diversification, and Fully Functional stand development stages
4 Alternative does not reach a 50 percent target of South Puget Movement habitat in the dispersal management area in the 100 year projection

Mgmt. 
Alternative

Harvest 
Level 
Decade 1

Gross 
Revenue 
Decade 1

Long-term 
sustainable 
harvest 
level1

Cumulative 
NPV2 after 
100 years

Percent 
of Unit in 
Older-Forest 
Conditions3 
by 2067

Date NSO 
Dispersal 
Mgmt Area 
reach 50% 
SP Movement 
Habitat

Date NSO NRF 
Mgmt Area 
reach 50% 
SP Movement 
Habitat

Growing 
Stock 
Change after 
100 years

MMBF $ Millions MMBF $ Millions Acres Decade Decade Percent
A 374 95 378 178 16% *4 2057 152%

B 367 106 320 171 21% 2047 2057 170%

C 410 126 313 179 26% 2037 2057 162%
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The Riparian Forest Restoration Strategy is designed 
to achieve restoration of  high quality streamside 
forests to enhance and protect in-stream aquatic 
habitat supporting federally listed salmon species 
recovery efforts, and contribute to the conservation 
of  other aquatic and riparian obligate (dependent) 
species. The quality of  riparian areas for habitat 
is largely determined by the amount of  acres in 
older-forest conditions (refer to Riparian, p. 56). 
DNR plans on using a combination of  various 
types of  active management combined with natural 
development of  unmanaged stands to achieve these 
riparian objectives. This will result in the restoration 
of  structurally complex forests that provide 
ecological functions consistent with the HCP 
riparian conservation strategy objectives (Bigley and 
Deisenhofer 2006).

DNR manages the planning unit according to the 
procedure for Identifying and Managing Structurally 
Complex Forests to Meet Older Forest Targets (Westside). 
The goal is to achieve functional older-forest 
structures across 10 to 15 percent of  each western 
Washington HCP planning unit within 70 to 100 
years. The identification and review of  landscape 
level management strategies to achieve the 10 to 15 
percent older-forest target is presented in Forest 
Conditions (p. 43).

Alternative A: Current Management  
(No Action)

This alternative describes DNR’s current 
management direction guided by existing plans and 
processes which are implemented on a site-by-site 
basis.

Alternative B: Preferred Direction

This alternative is made up of  management strategies 
that reflect local information gathered through forest 
land planning efforts to influence on-the-ground 
activities. The planning focus takes a comprehensive 
look at the entire South Puget HCP Planning Unit 
as a whole, instead of  on a site-by-site basis. This 
alternative combines components from the range of  
alternatives presented in the Draft EIS. Changes made 
are based on comments received during the Draft EIS 
comment period, from region and division program 
staff, or by DNR’s Steering Committee (p. 11) whose 
purpose is to provide oversight for the plan. 

Alternative C: Exploratory Options

This alternative explores a range of  management 
approaches to the No-Action Alternative; 
depending on a given topic. This alternative analysis 
allows DNR to examine various strategies and 
approaches that might be possible in the future. 
Using the planning process, DNR may explore a 
broader array of  possible management outcomes 
and their potential impacts.
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ECONOMIC PERFORMANCE

Financial diversification is important in meeting DNR’s obligations to each 
trust beneficiary. In addition to specific revenue-generating forest activities, the 
management alternatives related to the topic of  economic performance include 
product marketing and land transactions. 

Financial diversification includes marketing and sales of  forest products, as well as 
income from non-timber forest products and services. Land transactions provide the 
opportunity to consolidate lands for more cost-effective management.

Alternatives Related to Product Marketing
The region’s professional forest managers design timber sales based upon a series of  
considerations that include, but are not limited to: the topography of  the site, issues 
associated with the area (social, ecological, economic), the most cost-effective means 
of  harvest, the road system needed to access the site, tree species composition, and 
market value of  the timber. Once the timber sale has been laid out and the proposal 
goes through environmental review, a public auction is held and the standing timber 
is sold to the highest bidder. The timber purchaser usually has two years from the 
time of  purchase to harvest the timber and complete all contractual requirements. 

There are three basic methods of  selling timber: lump sum, scale, and contract 
harvest sales. 

	Lump sum sales make up the majority of  timber sales on forested state trust 
lands. In a lump sum sale, the purchaser buys all of  the designated products 
camp run (see definition). As with every sale type, DNR sets the minimum 
opening bid based upon an agency appraisal of  the material to be sold. 
Scale sales are those sales in which the estimated volume of  designated 
product to be sold is bid upon and the per-thousand board-feet stumpage 
value is set by public auction. The successful purchaser pays DNR based on 
the actual volume removed as the sale is being harvested. 
On contract harvest sales, DNR performs a timber cruise of  an area where 
harvesting is to occur. The estimated volume and value by species and by 
log grades are determined based upon current log selling prices. DNR then 
sells at public auction the various log sorts that could be removed from the 

•

•

•

Close-up of a white pine bough

Camp Run 
A purchaser offers the 
highest bid price they will 
pay for the entire product 
described to be sold. It is 
the responsibility of the 
purchaser to evaluate 
the timber based on the 
DNR pre-sales information 
package.
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area. The successful bidder for each log sort is determined by comparing 
the delivered log price to be received at the delivery point against the cost 
of  hauling the logs to the delivery point. DNR seeks the highest net return 
per thousand board feet for each log sort. Through a competitive bidding 
process, DNR contracts with contractors to harvest and haul the trees to the 
companies selected to receive the various log sorts. This contracting process 
offers the flexibility to modify harvest unit design throughout the process, 
and determine marketable products to be sold. The amount of  volume to 
be sold as log sorts under contract harvesting cannot exceed 20 percent of  
DNR’s total volume on an annual basis.

LEASING FOR SPECIAL FOREST PRODUCTS 

DNR manages leases in specific areas of  a forest for special forest products. 
Products from these leases include salal and fir and pine boughs. These leases are 
very important to local harvesters and an international wholesale market place, 
although they are very small when compared to the timber sale program. Contracts 
are developed with local harvesters, usually based on their inquiries for particular 
areas of  forest and for specific forest products. Over the past few years in the South 
Puget region, leases for forest products have doubled and earn about one-half  
of  the statewide income from these types of  leases. Forest Stewardship Council 
(FSC) Certification provides additional benefits by improving sustainability while 
maximizing the value of  all products.

Alternative A (No Action) Under the management strategies proposed in 
Alternative A, DNR continues working with a timber sales program dominated 
by lump sum sales, but including all three different sales types (lump sum, scale 
sales, contract harvesting sales) that are offered. This management alternative 
reflects DNR’s current direction regarding special forest products: to identify and 
offer a mix of  products to take advantage of  existing markets and market value 
fluctuations to improve the overall financial performance. 

Alternative B (Preferred Direction) Alternative B, as in Alternative A, continues 
lump sum and scale sales, but focuses the contract harvesting sales in designated 
northern spotted owl dispersal habitat areas. Direct control of  harvesting activities 
allows complex silvicultural prescriptions to be conducted with greater control. 
Complex contracts which include detailed silvicultural prescriptions are necessary 
to ensure that when timber is sold as scale or lump sum timber sales the purchaser 
achieves the desired habitat conditions. 

DNR also continues through this alternative to identify and offer a mix of  special 
forest products to take advantage of  existing markets and market value fluctuations 
based upon the conditions of  the forest understory.

Alternative C (Exploratory Options) DNR management under Alternative C 
increases the percentage of  contract harvesting in all areas up to 20 percent of  the 
region’s annual harvest level, so long as DNR’s overall contract harvest volume 
does not exceed levels specified by law, and extends the time period for forest 
improvement sales. This management alternative allows DNR more flexibility 
because DNR hires the harvester rather than the harvester working for the 
purchasers in selling log sorts; this allows local and small scale timber purchasers  
an opportunity to bid on DNR timber products.2  

Board Foot 
One board foot is a volume 
of wood measured one foot 

length by one foot wide, and 
one inch thick.

Pro
d

u
ct Leasin

g
 



Comparison of Alternatives by Topic

22								                      Washington Department of Natural Resources

DNR also examines a profit-sharing component to its special forest products 
contracts. This program would allow DNR to sell brush leases at public auction to 
the best bidder.3

Alternatives Suggested But Not Analyzed Another management alternative 
was suggested that emphasized small contract brush sales in Mason County so 
family businesses could afford to bid on brush leases. This alternative was not 
analyzed because of  the prohibitive costs associated with managing numerous small 
contracts. DNR sells leases for brush in accordance with RCW 79.13.010 to .180, 
which authorizes leasing.

Land Transactions

Financial diversification among trust asset classes is guided by DNR’s 1998 Asset 
Stewardship Plan and the Asset Stewardship Council. DNR strives to improve the 
value of  trust lands, increase their income potential, reduce costs, and reduce 
financial risks to the trusts by diversifying the land base, both among the asset 
classes and within each asset class. Land transactions are designed to help meet  
these goals. DNR selectively repositions trust lands through four different processes: 
land exchanges, public auctions, direct sales to public agencies, and purchases. 

“Funds from trust land sales to other public agencies are deposited 
into the Real Property Replacement Account Fund. Funds from the 
sales of  trust lands at public auction are either deposited in the Land 
Bank Account or the permanent fund. The Real Property Replacement 
Account and the Land Bank Account are used to purchase replacement 
properties to be managed to benefit the trust.” 4 

The management alternatives associated with forestland transactions call for 
acquiring additional forestlands in areas that are suitable for long-term forest 
management activities, such as areas adjacent to existing areas of  trust ownership. 

North Fork of Mineral Creek in Tahoma
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LAND EXCHANGES

DNR typically exchanges out of  trust lands that are isolated or have drawbacks for 
long-term management, for example: lands in checkerboard of  different ownerships 
and without existing access, or lands that are unproductive or in urban settings. 
Exchanges promote higher long-term income potential, better habitat management, 
increased public use opportunities, and lower management costs. In land exchanges, 
DNR works with other landowners to exchange parcels of  land of  equal value and 
of  similar size in order to benefit the trust.5 

DIRECT SALE TO PUBLIC AGENCY OR PUBLIC LAND AUCTION 

DNR may dispose of  trust properties that are incompatible with trust management 
objectives, such as isolated or financially unproductive trust parcels. There are two 
mechanisms that the Legislature has given DNR to accomplish these disposals, 
depending upon the specific circumstances. 

First, all of  these parcels are offered at fair market value, as required by the state 
constitution and state statute. The Board of  Natural Resources determines the 
minimum selling price. When property is sold at public auction, the sale proceeds 
are deposited in the Permanent Fund of  the respective trust or the Land Bank 
Account. The Land Bank Account funds are then used to purchase replacement 
properties better suited to natural resource management and/or generating long-
term revenue for the specific trust. Funds are held in an interest earning, non-
declining fund balance until used for replacement purchases. 

Second, the Legislature has granted DNR an exception to the requirement of  
selling land at public auction when the land is sold to another public agency.4 The 
funds from this type of  trust land sale can be used, with legislative appropriation, 
to purchase replacement parcels maintaining the specific trust’s land base. These 
replacement trust lands are designed to provide diversification within the trust’s 
asset portfolio, improving economic return to beneficiaries over time. DNR  
targets replacement parcels that are more easily managed and have higher  
long-term economic performance potential than the property sold.

PURCHASES

When state trust lands are transferred or sold at public auction, DNR purchases 
replacement properties for the specific trust, in order to keep the trust ‘whole’. For 
more information on the complexity of  land transactions, refer to Appendix L.

Alternative A (No Action) Under Alternative A, DNR strives to acquire lands that 
optimize economic short- and long-term trust benefits. DNR continues to transition 
out of  trust lands that are isolated or have drawbacks for long-term management. 
DNR continues to work with local governments to ensure that local land use 
decisions related to zoning and access do not reduce trust land values or restrict 
management options. 

Alternative B (Preferred Direction) Alternative B includes all the strategies 
of  Alternative A and, in addition, DNR will actively pursue both acquisition of  
industrial forestlands in the Cascade foothills and conservation credits (ecosystem 
services). Adding industrial forestlands in strategic locations of  the Cascade foothills 
will facilitate further consolidation of  forested state trust lands, providing additional 
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flexibility in management of  the existing land base. The strategy of  pursuing 
conservation credits (ecosystem services) could be applied to the difficult-to-manage 
areas, allowing DNR to capture revenues on lands previously considered non-
productive.

Alternative C (Exploratory Options) In addition to direction proposed in 
Alternatives A and B, Alternative C examines the sale and transfer of  development 
rights, which keep lands from further development.

Alternatives Suggested But Not Analyzed A management alternative was 
suggested to emphasize expansion of  Natural Resource Conservation Areas 
(NRCAs) and Natural Area Preserves (NAPs) as a way to protect all sensitive species 
that might be negatively affected by forestry activities. Increasing the amount of  
NRCAs and NAPs is outside the scope of  this EIS, and is contingent on legislative 
appropriation, which DNR does not control.

FOREST ECOSYSTEM HEALTH AND  
PRODUCTIVITY

Looking Over Tahoma State Forest Toward Mt. Rainier

Management alternatives related to elements of  the forest ecosystem are important 
to ecological objectives and the long-term health and productivity of  trust assets. 
These objectives provide the basis for DNR’s management and maintenance of  the 
ecological health of  forested state trust lands and are designed to ensure sustainable, 
healthy forest ecosystems. 

Forest health considerations specifically include insect, disease or damaging agents, 
and the stand conditions which influence the forests’ susceptibility to them. Older-
forest conditions are important across DNR ownership in order to meet ecological 
function requirements such as life history, habitat for specific wildlife species, and 
clean water.
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Meeting Older-Forest Conditions 
Silvicultural treatments, such as DNR’s version of  “biodiversity pathways” (DNR 
2004), can be used to create complex, multi-aged forest stand structures. The 
phrase biodiversity pathways is used to describe management approaches used in forest 
stands and forested landscapes to simultaneously achieve objectives of  conserving 
biodiversity and generating revenue. By developing stand structures typical of  older 
forests, this approach can be used to meet the older-forest objectives of  the Policy for 
Sustainable Forests (DNR 2006b). 

The Board has directed DNR to actively manage lands to achieve structurally 
complex forest conditions, especially in those suitable stands in the Biomass 
Accumulation forest development stage. This approach is intended to help  
achieve older-forest structures across 10 to 15 percent of  each western Washington 
HCP planning unit within 70 to 100 years (DNR 2006b, p. 3-177). Older forests 
with structures that contribute to this goal are represented by stands in the Fully 
Functional and Niche Diversification forest stand development stages. 

Biomass Accumulation stands, under natural (unmanaged) conditions, are stands 
that have passed their peak density but still contain a large number of  trees. These 
remaining trees are generally large and have enough room and resources to grow 
and put on woody biomass. Franklin (2002) and Carey (2003a) highlight this stage 
as Biomass Accumulation, describing the principal ecological process of  this stand 
development stage. The 2004 Sustainable Harvest Final EIS describes this stage as 
Botanically Diverse. The Biomass Accumulation stage is still considered structurally 
complex, but is differentiated from the Niche Diversification and Fully Functional 
development stages by the absence of  standing large dead trees, and the lack of  large 
woody debris (LWD), decadence, and standing deformed live trees. 

Through landscape assessments, DNR will identify suitable structurally complex 
forest stands to be managed to meet older-forest objectives. Managing stands 
along developmental pathways requires forest managers to have a comprehensive 
understanding of  the structures and processes in forest stands (Franklin and others 
2002; Carey 2003a). By applying innovative silviculture techniques, foresters can 
accelerate the development of  structurally complex forest stand conditions such as 
snags, decadent trees, down wood, multiple tree species, and multiple ages over time. 
This biodiversity pathway concept is important on lands targeted to provide the 
most benefit to wildlife species dependent on older forests.

Alternative A (No Action) Alternative A follows the procedure Identifying and 
Managing Structurally Complex Forests to Meet Older-Forest Targets (Westside), emphasizing a 
site-by-site analysis prior to the completion of  a forest land plan. Any final harvests 
currently proposed in structurally complex stands must be analyzed for their role in 
meeting the 10 to 15 percent target for older forests. Depending upon the analysis 
results, the stands are either deferred or harvested. 

This management alternative defers all stands designated for achieving older-forest 
conditions over the long term (70 to 100 years) from final harvest. Only harvest 
activities which enhance or accelerate development of  older-stand conditions, 
such as thinnings, would occur in these designated stands. Once the older-forest 
condition target of  10 to 15 percent is met, all additional stands meeting older-forest 
conditions are then available for the full range of  DNR silvicultural management.
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Alternative B (Preferred Direction) In Alternative B, the forest modeling process 
is used to identify and prioritize stands in the development stages that are most 
capable of  meeting the 10 to 15 percent older-forest condition target by 2067. 
Stands may be temporarily deferred from harvest until new stands replace their 
contribution to the 10 to 15 percent target at this point, existing stands are released 
for harvesting. Forest models allow DNR to continually review and analyze forest 
management strategies over time to ensure that DNR is on a trajectory to meet the 
objective. 

Alternative C (Exploratory Options) No other alternatives met DNR’s objectives 
identified during scoping; therefore, no additional evaluation was needed. 

Forest Health
Maintaining and improving forest health depends upon avoiding forest conditions 
that are vulnerable to damage (prevention) and remedying problems as they arise 
(treatment). Preventive actions include growing site-appropriate tree species at 
stocking levels where the trees have sufficient energy to tolerate temporary stresses, 
defend themselves from pests, and recover from minor damage. Treatments may 
be used directly to suppress pest populations, improve tree vigor, and change stand 
structure when monitoring reveals threats are present or developing. Some of  the 
threats include insects, disease, noxious weeds, and animal damage. 

Forest Growth and Mortality—As trees in the forest grow, some also die. In 
addition to those removed by harvesting and land clearing, insects, diseases, fire, 
wind and a variety of  other agents also kill trees. On U.S Forest Service Inventory 
and Analysis Plots in western Washington, the cause of  death was most often 
attributed to physical damage or fire, weather damage, or root disease. Although 
growth is about four times the mortality in Douglas-fir, western hemlock, and 
western red cedar, disease can kill a substantial number of  live trees. 

Insects and diseases also may affect tree growth rates, form, and species 
composition. They may limit the likelihood of  achieving desired tree sizes and 
structures to meet older-forest targets. Exotic insects and diseases continually 
threaten Washington’s forests and could permanently alter forest structure and 
ecological function (DNR 2001). 

Forest Susceptibility to Damage—Several key factors influence forest 
susceptibility to insects and diseases, wildfire, and weather damage. Over-crowded 
forests are more vulnerable to damage because trees may be too tall and thin to 
withstand severe weather or too weak to defend themselves from invasion by pests. 
When a forest is dominated by one tree species — a monoculture — pests move 
easily from trunk to trunk, branch to branch, or root to root. Root diseases persist 
on affected sites for decades and can readily infect susceptible host trees. Dry 
summer conditions and extended drought can stress trees, making them  
more susceptible to insects and disease. Wet spring weather increases the  
spread of  foliage pathogens. 

If  foresters do not recognize the presence and impacts of  root diseases, pathogens, 
or animal damage, and they fail to adapt their management strategies to reduce 
impacts, then older-forest structures may not be achieved in desired time frames. 
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Catastrophic events—Often, natural events such as wildfire, wind events, floods, 
insect infestations, landslides, ice storms, and volcanic eruptions impact forests in 
this planning unit. The need for restoration is determined by a number of  factors 
such as economic impacts, social interest, ecological values, and by land management 
objectives as described in a forest plan (DNR 2006a). Forests can naturally recover 
from such events, although it may take tens to hundreds of  years and sometimes 
result in modifications to the existing forest. Therefore, local flexibility to 
implement management objectives is a critical factor in determining the amount, 
type, and location of  restoration treatments. At times, disturbed areas are left to 
recover naturally, but at other times restoration or other management activities are 
appropriate, including the commercial removal of  dead and dying trees, and the 
reconstruction of  destroyed roads and bridges. Salvage sales or the removal of  dead 
trees must be done promptly to retain economic value because decomposition can 
begin immediately after tree death.

Recognizing that catastrophic events can occur in this planning unit, sometimes 
emergency actions are taken during or immediately after a catastrophic event to 
protect public safety or resources, which is consistent with federal and state laws.

Alternative A (No Action) Alternative A encourages pre-commercial thinning 
when funding is available. Invasive species are eradicated by DNR only when 
directed to do so by an authorized agency and on a site-by-site basis. Further, DNR 
trains foresters to recognize the presence and impacts of  root diseases, pathogens, 
insect infestations, and animal damage. The training results in better adaptations 
of  management strategies that reduce impacts and achieve the desired forest 
conditions. Local strategies are developed when forest health issues are identified.  

Alternative B (Preferred Direction) In addition to Alternative A, DNR seeks 
funding through forest health initiatives to accelerate forest stand development 
stages through active thinning. The preferred alternative also includes encouraging 
partnerships with other entities to enhance DNR’s ability to inventory and control 
invasive species when funding is available. 

Alternative C (Exploratory Options) DNR performs an invasive species 
inventory and develops appropriate forest management strategies to address 
the identified issues. Also, DNR identifies and thins the backlog of  ecologically 
suppressed stands by 2014. 

Alternatives suggested but not analyzed During the scoping process, thinning 
the suppressed stands in the Natural Resource Conservation Areas (NRCAs) was 
suggested. This alternative was not evaluated because state trust land managers do 
not make decisions about land and resource management within state NRCAs and 
therefore was outside the scope of  the EIS. 
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Hydrologic Maturity  

Alder Lake and Dam Near Elbe Hills and Tahoma State Forests

DNR manages land areas that contribute water, organic matter, dissolved nutrients, 
and sediments to a particular stream, river, lake, or ocean shoreline. These are called 
forested watersheds. These watersheds vary in size from small basins around a 
stream to groups of  watersheds, or a Watershed Resource Inventory Areas (WRIAs) 
that can include hundreds of  thousands of  acres. The 1997 Habitat Conservation Plan 
planning units are based on groupings of  WRIAs, called Watershed Administrative 
Units (WAUs). 

WRIAs were formalized under WAC 173-500-040 and authorized under the Water 
Resources Act of  1971, RCW Chapter 90.54. Washington’s Department of  Ecology 
(Ecology) was given responsibility for developing and managing these administrative 
boundaries. These WRIA boundaries represent the administrative underpinning 
of  Ecology’s business activities. The original WRIA boundary agreements and 
judgments were reached jointly in 1970 by DNR, Ecology, and the Washington 
Department of  Fish and Game, now referred to as the Washington Department of  
Fish and Wildlife. 

Forested watersheds are water sources for municipal water supplies, irrigation, 
streams, and subsurface flows throughout the state. They also provide quality habitat 
for aquatic organisms, as well as recreational opportunities for the public. The 
condition of  the forest in these watersheds has a significant influence on the quality 
and quantity of  the resource (DNR 2004). The nature of  the forest cover also can 
influence the timing and magnitude of  peak water flows. Therefore, how DNR 
manages the forested state trust lands is an important contribution to the overall 
effort related to water quality and quantity. 

LAKE TAHUYA

Lake Tahuya, in DNR’s Green Mountain State Forest on the Kitsap Peninsula, is 
a privately-owned reservoir with lakeshore homes and properties. In 2002, DNR 
conducted a hydrologic analysis of  forested state trust lands surrounding the lake to 

Hydrologic Maturity
is defined in the Water 
Quantity section (p. 65) of 
Chapter 3.
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address perceived flooding issues as a result of  harvesting activities in that area. The 
analysis recommended retaining specific percentages of  each sub-basin flowing into 
the lake in a hydrologically mature condition.  

The alternatives relating to hydrologic maturity only apply to sub-basins around Lake 
Tahuya.

Alternative A (No Action) Using the current strategies in Alternative A, DNR 
maintains the hydrologic maturity6 criteria for Lake Tahuya. A brief  analysis was 
conducted to provide protections from perceived flooding issues as a result of  
harvesting activities in that area.

Alternative B (Preferred Direction) The Draft EIS recommended that DNR 
conduct an independent review of  the existing hydrologic maturity criteria. DNR 
completed the review prior to this Final EIS. Based on the results of  this review, 
DNR decided to continue to maintain the existing hydrologic maturity criteria for 
Lake Tahuya as described in Alternative A. Refer to Appendix F for additional 
information related to the original analysis, the independent review, and results. 

Alternative C (Exploratory Options) No other alternatives met DNR’s objectives 
identified during scoping; therefore, no additional evaluation was needed.

Northern Spotted Owl Conservation

Northern Spotted Owl

DNR’s conservation objective for the northern spotted owl (NSO) is to provide 
habitat that makes a significant contribution to demographic support, maintenance 
of  species distribution, and facilitation of  dispersal (DNR 1997). The objective 
provides nesting, roosting, and foraging (NRF) habitat and dispersal habitat in 
designated strategic areas. The objective also creates landscapes in which active 
forest management plays a role in the development and maintenance of  the 
structural characteristics that constitute such habitat. 

The South Puget HCP planning unit contains the majority of  designated dispersal 
management areas on state trust lands managed under the 1997 HCP. Due to 
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Text Box 2-2. Northern Spotted Owl Habitat Definitions

1997 Habitat Conservation Plan (HCP) Dispersal  
	Canopy cover at least 70 percent 

Quadratic mean diameter* of 11 inches dbh** for the 100 largest trees per acre in stand

Top height of at least 85 feet . 

	At least four trees per acre from the largest size class retained for future snag and cavity tree recruitment

South Puget Movement (Same as 1997 HCP Dispersal) plus:
Canopy closure (instead of cover) at least 70 percent 

	Forest community dominated by conifers with at least 30 percent conifers (measured as stems per acre 
dominant, co-dominant, and intermediate trees)

Tree density no more than 280 trees per acre greater than or equal to 3.5 inches dbh

Young Forest Marginal
	Conifer-dominated or conifer-hardwood (greater than or equal to 30 percent conifer)

	Greater than or equal to 70 percent canopy closure

	115-280 trees per acre (greater than or equal to four inches dbh) with

	Dominants/co-dominants greater than or equal to 85 feet high or dominants/co-dominants greater than or 
equal to 85 feet high with two or more layers and 25 – 50 percent intermediate trees

Snags/Cavity Trees greater than or equal to two per acre (greater than or equal to 20 inches dbh and 16 
feet in height) OR greater than or equal to ten percent of the ground covered with 4 inch diameter or 
larger wood, with 25-60 percent shrub cover

Sub-mature
	Forest community dominated by conifers with at least 30 percent conifers (measured as stems per acre 
dominant, co-dominant, and intermediate trees)

	Canopy closure at least 70 percent 

	Tree density of between 115 and 280 trees greater than 4 inches dbh per acre

	Dominant and co-dominant trees 85 feet tall

	At least three snags or cavity trees per acre that are at least 20 inches dbh

	At least five percent coverage of down woody debris

Movement, Roosting, and Foraging (MoRF)
Forest community dominated by conifers with at least 30 percent conifers (measured as stems per acre 
dominant, co-dominant, and intermediate trees)

	Canopy closure at least 70 percent

Tree density of between 115 and 280 trees greater than or equal to 3.5 inches dbh per acre

Dominant and co-dominant trees at least 85 feet tall

At least five percent coverage of down woody debris

	At least three snags or cavity trees per acre that are at least 15 inches dbh

	At least two canopy layers
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*Quadratic Mean Diameter is the diameter corresponding to mean basal area
**dbh is diameter at breast hieght
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past management activities in these areas, the current ecological conditions are dominated by densely 
stocked forests and young plantations. Neither of  these conditions is known to contribute much to the life 
requirements of  dispersing northern spotted owls. 

In the alternatives, DNR examines three approaches to managing designated dispersal areas in order to meet 
the conservation objectives of  the HCP. These approaches explore different options designed to create and 
enhance dispersal habitat. All three alternatives follow the Sustainable Harvest Calculation Settlement Agreement 
(2007)6 provision that no Type A, Type B, or high quality nesting habitat will be harvested. Refer to  
Text Box 2-2 for northern spotted owl habitat definitions.

Alternative A (No Action) Under Alternative A, DNR manages designated dispersal management areas 
(Map 3-5, p. 109) in accordance with the current 1997 HCP dispersal habitat definition, and the strategy 
described in the HCP. In the HCP strategy, at least 50 percent of  each spotted owl management unit 
(SOMU) in DNR designated dispersal areas must be maintained in a dispersal condition (refer to Text Box  
2-2 for a complete definition). SOMUs are based on the 1996 watershed administrative unit (WAU) 
boundaries. 

Text Box 2-2. Northern Spotted Owl Habitat Definitions (continued)

Type B Habitat
	At least two canopy layers with at least 2 species

	At least 20 percent of trees per acres in minor species 

	Canopy closure at least 70 percent

	Canopy typically dominated by 75 to 100 trees per acre greater than 20 inches dbh

	Large trees with various deformities

	At least one live tree per acre greater than 21inches DBH with broken tops

	At least one snag per acre greater than 20 inches DBH and 16’ tall

	At least 2,400 cubic feet per acre of down wood

Type A Habitat
	At least two canopy layers with at least 2 species

	At least 20 percent of trees per acre in minor species 

Canopy closure at least 70 percent

Canopy typically dominated by 75 to 100 trees per acre greater than 30 inches dbh

	Large trees with various deformities

	At least two live trees per acres greater than 21 inches dbh with broken tops

	Two or more snags per acre greater than 30 inches dbh and 16 feet tall

	At least 2,400 cubic feet per acre of down wood

High Quality Nesting Habitat
	Canopy closure at least 70 percent

	At least three live trees per acre greater than 21 inches dbh with broken tops

	At least 16 trees per acre greater than 21 inches dbh 

	At least 15 additional  trees per acre greater than 31 inches dbh

	At least 12 snags per acres greater than 21 inches dbh and 16 feet tall

	At least 2,400 cubic feet per acre of down wood

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

Comparison of Alternatives by Topic O
w

l H
ab

itat D
efi

n
itio

n
s



Comparison of Alternatives by Topic

32								                      Washington Department of Natural Resources

Alternative B (Preferred Direction) Under Alternative B, DNR incorporates the 
species’ life history requirements for movement, roosting, and foraging (MoRF). The 
forest stand characteristics that constitute dispersal habitat will be modified from 
the 1997 HCP definition with the approval of  the federal services, to a South Puget 
Movement definition. The South Puget Movement definition is similar to the 1997 
definition, with additional requirements for at least 30 percent conifer trees, and with 
a forest stand density of  no more than 280 trees per acre (refer to Text Box 2-2). 

Under this alternative, 50 percent of  DNR-managed forestlands in each newly 
designated dispersal management landscape (multiple spotted owl management units 
combined, refer to Map 3-5, p. 107) will be targeted to attain and maintain a minimal 
condition of  the South Puget Movement definition. 

Recognizing the life history requirement of  dispersing owls’ need for foraging 
and roosting opportunities, a second habitat condition is also needed within these 
landscapes. The habitat condition of  MoRF for northern spotted owl habitat (refer 
to Text Box 2-2) is a forest stand-level habitat condition that contains forest stand 
structural components needed for movement (tree density, cover, and canopy 
layering), foraging (snags and coarse woody debris) and roosting (canopy layering). 
The MoRF habitat type is similar to the 1997 Habitat Conservation Plan definition of  
sub-mature habitat. However, it has additional requirements for at least two tree 
canopy layers. This definition also changes the minimum snag size from 20 inches 
diameter at breast height (dbh) to 15 inches dbh while still maintaining the same tree 
height requirement of  at least 15 feet. 

Using the MoRF definition, at least 70 percent of  the 50 percent landscape 
threshold will be targeted to attain and maintain the MoRF definition. The desired 
future condition of  each dispersal management landscape resulting from this 
strategy will be 35 percent of  the landscape in a MoRF habitat condition; with an 
additional 15 percent in a South Puget Movement habitat condition. This alternative 
allows for more habitat enhancement-type management over time in areas that are 
currently not on a trajectory to meet dispersal habitat. A detailed procedure has been 
approved by the U.S. Fish and Wildlife Service to implement this strategy (refer to 
Appendix G).

Alternative C (Exploratory Options) Under Alternative C, DNR explores other 
ways to manage dispersal habitat within the context of  the 1997 HCP. All the life 
history requirements of  northern spotted owls (nesting, roosting, foraging, and 
dispersal) are incorporated into this alternative. It targets creation of  Type A and 
Type B habitat while deferring all existing high-quality nesting habitat from harvest 
(refer to Text Box 2-2). 

The management strategy within this alternative targets 15 percent of  each 
new landscape management unit (refer to Alternative B) to achieve the South 
Puget Movement habitat conditions, with 35 percent in Type B or better habitat. 
Distribution of  habitat is tracked through a monitoring process. Through multiple 
harvesting entries, DNR focuses on snag creation, coarse woody debris recruitment, 
and increasing diameter size of  dominant trees.

Alternatives Suggested But Not Analyzed No other alternatives met DNR’s 
objectives identified during scoping; therefore, no additional evaluation was needed.
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SOCIAL AND CULTURAL BENEFITS

Lake Washington and Mercer Island Aerial View

Forested state trust lands play an important role in providing opportunities for public 
access and recreation and preserving the visual integrity of  Washington’s forested 
landscapes. These landscapes contribute to local, regional, and state economies 
through the sale of  forest products.

Recreation and Access 
Today, the public’s demand for access to forested state trust lands via trails and roads 
that have minimal support facilities has expanded in both type and intensity. At the 
same time, public expectations for environmental stewardship of  the forested state 
trust lands have changed from historical practices. The combination of  more people, 
more advanced recreational technology, and heightened environmental awareness 
increases public interest in the long-term sustainability of  natural resources and 
current recreational opportunities. 

Most recreation and access opportunities can be characterized as dispersed with 
primitive facilities, and are most often trail-oriented and set within a managed forest. 
DNR’s primary recreation focus is to provide a primitive experience in a natural 
setting through trails, trailhead facilities, and rustic camping facilities. DNR currently 
manages campgrounds and day-use facilities such as picnic areas, boat launches, 
and interpretive areas. In addition to trails and specific sites, DNR also manages 
forest roads primarily designed and maintained for forest management purposes 
that provide considerable access for dispersed recreation activities such as hunting, 
fishing, bird watching, and sightseeing. 

Recreation and public access enjoyed on trust lands must be compatible with the 
primary purpose for their management, which is the generation of  revenue to 
support public schools and other state institutions. Many of  the public expectations 
for public access and recreation are compatible with DNR trust objectives, and DNR 
therefore provides public access opportunities on forested state trust lands, where 
appropriate, as directed by the Multiple Use Act.7
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Kammenga Campground in Tahuya State Forest

Alternative A (No Action) In Alternative A, DNR maintains existing uses 
compatible with public access and recreation goals. The goals are a safe recreational 
experience, a quality user experience, and the protection of  resources. 

To meet all three goals, DNR needs to determine the types and levels of  
recreational activities the land can sustain, how much recreational activity can be 
supported without negatively affecting trust management responsibilities, and how 
much activity can be supported financially. 

The strategies in Alternative A emphasize education for recreational users, 
enforcement efforts to deter inappropriate uses, and engineering using best 
management practices to address resource damage issues. Additionally, this 
alternative includes developing a comprehensive inventory and assessment of   
public uses to determine recreation capacity and identify specific public access 
issues.

Alternative B (Preferred Direction) The preferred alternative includes 
Alternative A but focuses on evaluating land to determine the appropriate levels and 
types of  recreational uses. The inventory and assessment described in Alternative 
A helps DNR to designate and/or define, adopt, relocate, or remove some of  the 
incompatible existing facilities and trails. This alternative also seeks to increase 
partnerships and expand contracted services.

Alternative C (Exploratory Options) Alternative C includes all of  Alternatives 
A and B and, in addition, explores contracted services, leases, or fees to provide 
enhanced, site-specific services that DNR does not currently provide. 

Alternatives suggested but not analyzed The suggestion received during public 
scoping to establish a long-term funding source is outside the scope of  this project.
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Visual Impacts
DNR activities can alter the visual experience of  people viewing forest stands and 
forested landscapes. The visibility of  forest management activities— mostly timber 
harvest — is influenced by the position and distance of  the viewpoint from the 
activities, the topography of  the land, and the type of  forest management activity. 
Visual changes can be localized (visible only from a particular viewpoint), or regional 
(visible from a broader area). The observer’s perspective and personal values 
influence whether the reaction to the visual impact is positive, negative, or neutral. 

Visual impacts can be mitigated through a variety of  forest management strategies 
such as the timing, design (including the physical layout and harvest method), and 
size of  timber harvest areas. During the public mapping meetings (referred to as 
“stakeholder workshops” in Chapter 1), visually sensitive areas were identified. DNR 
also used modeling software to identify areas of  potential concern. The majority of  
areas identified for visual management are already mitigated through the existing 
management framework, including riparian and wetland buffers, protection of  
unstable slopes, and/or the arrangement of  wildlife trees.

Maintaining a continual timber management presence in this planning unit is essential 
to maintain working forests. Normally, timber harvest rotations result in an area 
being harvested at a specific time, with no harvest activities taking place again for two 
to three decades. An even-flow of  harvest volume and timber management activity 
is being implemented in each district within the South Puget Region. This will ensure 
that management is spread out across the region and not concentrated in any one 
district. An even-flow harvest also visually represents the continued presence of  
working forests across the landscape. This process is applied to all alternatives and 
is beneficial for reducing visual resource impacts that might otherwise occur due to 
harvest concentrations in particular areas. 

Alder Lake Timber Sale as Viewed from South Slope Timber Sale in Elbe Hills

Alternative A (No Action) DNR provides direction for mitigation of  local and 
regional visual issues on a site-by-site basis. The development of  DNR’s forest 
management policies included a decision to mitigate visual impacts through various 
land management strategies (DNR 2006a).
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Tiger Mountain (Specific) Visual impacts specific to Tiger Mountain (Map 2-2) were addressed in the 1986 
Tiger Mountain Plan. Under Alternative A, Tiger Mountain harvesting activities are determined by area; each 
watershed is limited to a specified percentage of  harvesting activities in the total watershed area during any 
10-year period. The objective is to create a well-distributed mosaic of  forest stands from different age-classes 
(DNR 1986). Implementation strategies identified for Tiger Mountain include: 

	Harvest no more than one-sixth of  each Watershed Administrative Unit (WAU) per decade. 
Inventory forest stands and develop a harvest schedule to determine DNR’s ability to meet the 
specified percentage allotted to each WAU. 
	Model the harvest schedule to determine whether a mosaic of  forest stands of  different age-classes is 
created over time. 
Continue with a 60-year harvest rotation age.

•
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•
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Map 2-2. Tiger Mountain Age Class Distribution
                  Created by Rebecca Niggemann  9/26/07
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Alternative B (Preferred Direction) Alternative B is built on Alternative 
A because specific forest management strategies are developed for DNR’s 
administrative units (Map 2-1) to address the local and regional issues identified at 
stakeholder workshops in June 2005. Some visual strategies will undergo an internal 
review and analysis to determine if  the strategy is feasible. Should the analysis 
determine that a new forest management strategy is not viable due to economic or 
environmental concerns, DNR will provide information to interested parties before 
continuing. 

For the majority of  lands identified as being visually sensitive, DNR will leave no 
less than 8 trees per acre but can leave up to 16 trees per acre in both clumped and 
scattered patterns. 

Tiger Mountain (Specific) This alternative is designed to eliminate the rotation 
age and Watershed Administrative Unit (WAU) restrictions to achieve the desired 
outcomes for Tiger Mountain while providing more flexibility to accomplish other 
objectives. The Tiger Mountain Plan was approved in 1986, well before the agency 
adopted the 1997 Habitat Conservation Plan, 2004 Sustainable Harvest Final EIS, 2006 
Riparian Forest Restoration Strategy, or 2006 Policy for Sustainable Forests. Additionally, two 
of  the WAUs are located in a Natural Resource Conservation Area (NRCA). These 
plans and strategies were written to provide protection for the majority of  social, 
environmental and economic areas of  concern that were described in the 1986 plan. 

Changed implementation strategies for Tiger Mountain include: 

	No minimum rotation age. Rotation-length is based upon a stand’s productive 
potential and current stand conditions. 
	Harvest an average of  one-sixth of  the available harvest base over the entire 
forest each decade. 
	Do not allow clustering of  harvest units. 
	For areas identified as visually sensitive, DNR will create a variety of  leave 
tree strategies, with no one strategy being exclusive. Leave trees to be 
clumped/grouped with an average of  10 to 14 trees remaining per acre.

Alternative C (Exploratory Options) No other alternatives met DNR’s objectives 
identified during scoping; therefore, no additional evaluation was needed.

End Notes

1    Chapter 197-11 Washington Administrative Code [WAC]
2    State law changed in 2009 under Engrossed Senate Bill 6166, which increased the state percent from 10 to  	
      20 percent.
3    Chapter 79.13 Revised Code of Washington [RCW]
4    Chapter 79.17.200 Revised Code of Washington [RCW]
5    Chapter 79.17.010 Revised Code of Washington [RCW]
6    http://www.dnr.wa.gov/htdocs/adm/comm/2006_news_releases/032106_summary.pdf
7    Multiple Use Act - Chapter 79.10.100 Revised Code of Washington [RCW] 
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background information will be provided for them 
(Plants, Forest Health, and Land Transactions); and 
still other sections do not follow the conventional 
approach because of  the complexity of  their subject 
matter (Forest Conditions, Northern Spotted  Owl, 
Marbled Murrelets, and Carbon Sequestration). 

Evaluation Approach
Criteria and indicators are used to characterize 
the essential components of  sustainable forest 
management. This provides a framework for 
answering the fundamental question, “What is 
important about forests?” (Montréal Process 1995). 
Formed in Geneva in June 1994, the Montréal 
Process was intended to advance the development 
of  internationally agreed-upon criteria and 
indicators for the conservation and sustainable 
management of  temperate and boreal forests. 
DNR has created a framework for assessing forest 
management and the potential impacts of  forest 
management practices that is similar to the Montréal 
Process but has developed its own sets of  criteria 
and indicators related to the ecological elements 
evaluated in this environmental impact statement.

environment
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Looking toward the Olympic Mountains from Green Mountain

T
his chapter describes the existing 
environmental conditions of  DNR-
managed forests in the South Puget 
Habitat Conservation Plan (HCP) 
Planning Unit. It describes DNR’s 

current management as the department fulfills its 
fiduciary responsibility to the trust beneficiaries 
and its conservation objectives. In addition to 
forestlands, DNR manages Natural Area Preserves, 
Natural Resource Conservation Areas, administrative 
and recreation sites across much of  these landscapes. 

The environmental setting is the starting point for an 
examination of  the topics being analyzed. The topics 
are forest conditions and management (including 
forest health, older forests, and sensitive plants), 
climate, riparian and wetland areas, water quantity, 
water quality, fish, soils, roads, recreation, visual 
management, land transactions, cultural resources, 
wildlife habitat, marbled murrelet, northern 
spotted owl, air quality, climate change, and carbon 
sequestration. 

Although we have outlined the evaluation approach 
below, there are some topics that will be merely 
described and not analyzed (Climate and Global 
Climate Change); other topics do not have indicators 
identified at the planning unit scale and only 
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Criteria
Criteria, as used by DNR in this document, are 
a set of  related indicators which are monitored 
periodically to assess change (Montréal Process 
1995) and a group of  conditions or processes 
by which sustainable forest management may 
be assessed. They are developed from strategies 
laid out in existing DNR policies, procedures, 
and state and federal laws, and also come from 
recommendations in scientific literature. 

Indicators
Indicators are the measureable elements used 
to assess whether objectives contained in the 
criteria are achieved. This chapter identifies the 
indicators used for each of  the topic areas listed 
above. Generally, indicators are based on physical, 
chemical, biological, or economic information, 
and can be either qualitative or quantitative in 
nature. For example, one indicator of  water quality 
might be stream temperature. If  data for stream 
temperature were available, DNR would use 
temperature as the indicator. In cases where no data 
is available, DNR uses a substitute or surrogate. 
In this example, DNR does not have good stream 
temperature data for trust lands, and forest stand 
development stages (SDS) are therefore used as 
a surrogate. Stand development stages can be a 
substitute measurement for stream temperature 
because DNR can use stand development data to 
identify the locations of  larger trees that provide 
increased shade and reduce water temperature. 
When surrogates are used, they are described in 
Chapter 4.

Indicators provide information about present 
environmental conditions and over time can be 
used to assess the direction of  change in forest 
ecosystems. Understanding the trends or patterns of  
indicators can provide important information about 
the condition or viability of  a system (Montréal 
Process 1995). 

An Integrated Approach
DNR uses a criteria and indicator approach to 
identify ways to measure the potential effects of  
forest management on ecosystems as a whole. DNR 
recognizes that no single criterion or indicator 
is an indication of  sustainability. Rather, the 

individual criterion and indicators are considered 
in the context of  their interconnectedness to other 
topics (such as sedimentation’s tie to soils, roads, 
recreation, and water quality). 

Scale of Analysis
For this EIS, DNR has broken down the scale of  
analysis from the larger planning unit into smaller 
areas which are discussed below. DNR manages 
more than 146,000 acres of  forested state trust 
lands in the South Puget planning unit, including 
portions of  landscapes that drain into the Cedar, 
Green, White, Carbon, Puyallup, Nisqually, and 
Deschutes rivers. These watersheds vary in size 
from small stream basins to Watershed Resource 
Inventory Areas (WRIAs) that contain hundreds of  
thousands of  acres.

 As with all planning units, the delineation of  
the South Puget HCP Planning Unit is based on 
groupings of  WRIAs (DNR 1997). A total of  8 
WRIAs are present within the planning unit (Table 
F-3; Map 3-1). Appendix F describes the six WRIAs 
containing large blocks of  DNR-managed lands.

Each WRIA can be further broken down into 
Watershed Administrative Units (WAU or 
watershed), equivalent to sub-basins within the 
larger WRIAs. A WAU or watershed is the land area 
that drains into a particular lake, river, or ocean. 
DNR analyzes hydrologic conditions at the WAU 
scale. Hydrology is the study of  water—in this case, 
of  its quantity, quality, and distribution.

Percent 
Managed 
by DNR

Total 
Acres

North Fork Mineral Creek 79% 13,883
Reese Creek 61% 11,971
Catt 49% 6,893
Kennedy Creek 38% 9,227
North Fork Green 36% 6,602
Howard Hansen 35% 16,499
Lynch Cove 32% 11,063
Great Bend 29% 16,318
Mashel 26% 15,139
Tiger 24% 10,092
Mineral Creek 22% 4,761
West Kitsap 20% 7,261
East Creek 20% 4,052
Total  WAU Acres 133,761

*Rounded to the nearest percent

Table 3-1. WAUs ≥ 20 Percent* DNR-Managed
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The boundaries of  a WAU are defined by DNR in 
cooperation with the state departments of  Ecology 
and Fish and Wildlife (WDFW), affected Indian 
Tribes, local governments, owners of  forestland, 
and the public. The boundaries of  WAUs mainly 
follow drainage divides (ridges), rivers, and other 
DNR management boundaries (Map 3-2). The 
WAU boundary dataset is intended for use at the 
1:24,000 scale. 

 
 

Map 3-1. Map of WRIAs for the South Puget HCP Planning Unit

There are 118 WAUs in the South Puget HCP 
Planning Unit with many different owners and 
managers. In 68 of  these WAUs, DNR manages 
forestland and 13 of  these WAUs contain DNR-
managed trust lands covering at least 20 percent of  
the total watershed area (Table 3-1). Collectively, 
these 13 watersheds represent 92 percent of  
DNR-managed forestlands within the planning 
unit. Appendix F contains information about land 
ownerships for watersheds in the planning unit 
containing DNR-managed trust lands.
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Map 3-2. Boundaries of WAUs and DNR-Managed Lands in the South Puget HCP Planning Unit

Why Analyze Impacts at the 
Watershed Scale? 
Watersheds have been used by DNR in the past 
to analyze potential environmental impacts (DNR 
1997, 2003, 2004) and are also used here. Map 3-2 
portrays current WAU locations.

What Are the Land Management 
Categories?
DNR’s management is influenced by department 
objectives or regulatory rules. These objectives and 
rules can be grouped into three 
distinct management categories.

Uplands with General Ecological Management 
(GEMs)— These areas are managed under DNR’s 
general policies, procedures, plans, and applicable 
state Forest Practices Rules.

Uplands with Specific Management Objectives 
(Uplands)— These lands contain designated 
wildlife habitat, are visually sensitive, or have 
been identified as needing a specific strategy to 
address protection of  public resources, for example 
potentially unstable land forms.

Riparian and Wetland Areas (Riparian)—
Management in these areas may only be applied 

towards the goals of  maintaining or 
restoring riparian (streamside) or wetland 

functions (Bigley and Deisenhofer 2006, 
p. 2).
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Forest Conditions and 
Management
This section describes the condition of  DNR-
managed forests within the planning unit. In 
watersheds where DNR manages a higher 
percentage of  the land base, department 
management activities have the potential to cause 
negative and/or positive environmental impacts. 
The current forest conditions are a combined result 
of  past management and disturbance events, such as 
early logging and burning, windstorms, and wildfires 
as well as recent forest management activities. 

Some general measures are used for describing 
forest conditions today. These include forest type, 
the characteristics in each stand development stage, 
as well as stand density, forest type, site productivity, 
and forest biomass. Each measure can be influenced 
by forest management activities such as harvesting, 
species selection and planting, or thinning. Other 
influences may include natural disturbances, climate 
(p. 55), and soil productivity (p. 76). 

Which Current Policies Are Likely to 
Influence Forest Conditions?
DNR’s broad forest management guidance comes 
from the 2006 Policy for Sustainable Forests. This policy 
document is the vision of  the Board of  Natural 
Resources and DNR managers for the type of  
forested landscapes they strive to create now and in 
the future. These policies are designed 
to achieve their fiduciary responsibility 
by generating revenues for the trust 
beneficiaries while meeting DNR’s 
contractual obligations under the 1997 
Habitat Conservation Plan (HCP). 

The general silvicultural policy directs 
DNR to manage forested landscapes 
to meet many objectives as well as to 
achieve 10 to 15 percent older-forest 
structure. Other policies (DNR 2006b) 
direct the protection of  existing old-
growth forests and management 
of  riparian and wildlife habitat in 
accordance with the 1997 HCP. The 
HCP sets out specific conservation 
strategies for the northern spotted owl, 
marbled murrelet, riparian management, 

and other more general conservation strategies. 
The more general strategies include the protection 
of  unique habitats across the landscape, such as 
legacy trees , talus slopes, balds, cliffs, caves, snags, 
oak woodlands, and mineral springs. The process 
for protecting public resources includes classifying 
forest practices  according to the potential for 
each practice to impact public resources.1 These 
combined forest management policies and strategies 
have been designed to create forested landscapes 
with more diverse forest conditions and structurally 
complex forests than exist today (Chart 3-1; DNR 
2004).

What Are the Common Forest Types? 
Across the planning unit today, stands dominated 
by Douglas-fir (Pseudotsuga menziesii) are the most 
common forest type (77 percent of  the area), with 
western hemlock (Tsuga heterophylla), red alder (Alnus 
rubra) and Pacific silver fir (Abies amabilis) occurring 
less frequently (15, 6, and 2 percent, respectively). 
DNR data includes many forest types; which were 
grouped by dominant species for the estimations 
above.

Before the harvesting that occurred early in the 20th 
century, a larger amount of  western hemlock would 
most likely have been present, given its role in the 
natural vegetation of  forests in western Washington 
(Franklin and Dyrness 1973). The current 
dominance of  Douglas-fir most likely reflects its 
ability to persist and propagate following major 

disturbances, such as timber harvests and 
wildfires (Agee 1993; Burns and Honkals 
1990), which occurred historically over 
much of  the planning unit.

Most watersheds contain distributions 
of  forest species that are similar to those 
in the planning unit overall (refer to 
Appendix D). 

What Are Stand Development 
Stages and Why Are They 
Important?
As forest stands grow and develop, 
they can be classified into specific stand 
development stages, each based on a 
combination of  measureable attributes 
such as tree heights, diameters, densities, 

Legacy trees are old trees 
that have been protected 
from harvest or have survived 
stand-replacing natural 
disturbances (Mazurek and 
Zielinski 2004). 

Forest Practices refer to 
any activity conducted on or 
directly pertaining to forest 
land and relating to growing, 
harvesting, or processing 
timber (Chapter 222-16-010 
WAC)

A Forest Stand is a group of 
trees that possess sufficient 
uniformity in composition, 
structure, age, spatial 
arrangement, or condition 
to distinguish them from 
adjacent groups (DNR 
Standard Forestry Terms and 
Tree Names, Jan. 2009).
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Open, newly regenerated stands 
compete with pioneer species, 
herbs, and shrubs to re-establish 
site dominance following a 
disturbance such as a timber harvest. 
Establishment and occupation of 
the site by vegetation are the main 
ecological processes taking place 
(Carey 2007).

Competition for direct sunlight, 
nutrients, water, and space increases 
(Oliver and Larson 1996) as forest 
stands near, or exceed, full site 
occupancy. Intense inter-tree 
competition for resources is the key 
ecological process in this stage (Carey 
2003a). As the canopy closes, basic 
changes to understory conditions 
occur, such as greatly reduced light 
levels, reduced wind, moderated 
temperatures, and increased humidity 
(Franklin and others 2002). 

As some trees outgrow one another, 
tree crowns begin to differentiate and 
small gaps in the canopy are created 
by stem breakage and tree mortality. 
These gaps allow increased sunlight 
to reach the forest floor. In and 
around the gaps, newly developed 
understory begins to add diversity to 
the forest (Franklin and others 2002). 
This stage is transitional; stands may 
return to a competitive exclusion or 
move into the biomass accumulation 
stage as the taller trees’ crowns re-
close. 

DNR has classified stands into six stages of stand development. This classification is based on the work of many authors 
who have studied how stands develop over time including: Oliver and Larson 1996, Carey and others 1996; Franklin and 
others 2002; Carey 2003a; Carey 2007; Van Pelt 2007.

*It’s important to note that, while each stand development stage depends on previous stages, this process is not necessarily sequential or linear. Many factors 
may influence the transition from one stage to another, including natural disturbances along the way, and initial stocking or beginning conditions. Depending on 
natural events, a particular stage may recur at multiple points in a forest stand’s development or be skipped altogether (Carey 2007).

Text Box 3-1.  What Are the Stages of Forest Stand Development?*

Ecosystem Initiation Competitive Exclusion Understory  
Development
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Forest stands now have fewer trees, 
due to past mortality, tree crowns 
have clearly differentiated and trees 
have enough room and resources to 
grow and rapidly accumulate woody 
biomass. Because most West Coast 
tree species (in particular Douglas-fir 
and western red cedar) are long-lived 
(300 years plus) this stage can last 
for up to 100 years or more (Franklin 
and others 2002). In this stage, forest 
stands lack the large snags and/or 
down woody debris, and understory 
diversity that characterize later stages. 
The key ecological process in this 
stage is wood biomass production 
(Carey 2007; this stage is called 
“maturation” in Franklin and others 
2002). 

Forests contain live, dead, and 
fallen trees of various sizes. The key 
ecological processes are individual 
tree mortality and decay, with the 
creation of snags, down woody 
debris (DWD), and forest gaps 
that contribute to forest diversity 
and structural complexity. Forests 
generally lack the very large trees and 
snags present in the fully functional 
stage (Franklin and others 2002). 

All the structural elements necessary 
for complex old-growth functions 
are present. Here, time has allowed 
formation of very large trees, with 
increasing decay and accelerated 
formation of DWD. This stage 
includes a “re-establishment of 
canopy continuity between the 
ground and upper tree crowns” 
(Franklin and others 2002), as 
shade-tolerant species mature in 
gaps and branches emerge from tree 
boles with exposure to sunlight. The 
key ecological process in this stage 
is the accelerated mortality of large 
trees. 

Biomass Accumulation Niche Diversification Fully Functional

Text Box 3-1.  What Are the Stages of Forest Stand Development? (continued)
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canopy layers, understory vegetation, quantities 
of  down woody debris, and snags. Each forest 
stand development stage reflects major ecological 
processes occurring at a particular time in a stand’s 
development (Franklin and others 2002). Forest 
stand development and its associated forest structure 
can be used as a substitute for measuring ecosystem 
functions that are difficult to measure directly 
(Franklin and others 2002). Forest stand structure 
also can be used to assess a forest’s value in terms of  
the products or services it provides (Carey 2007).

DNR’s classification system for forest stand 
development is based on the attributes of  a stand 
that can be measured (DNR 2004, p. 4-11 and B-31; 
refer to Appendix C). This system was derived from 
various descriptions of  forest stand development in 
Pacific Northwest forests by many authors (Carey 
2007; Van Pelt 2007; Franklin and others 2002; 
Carey and others 1996; Oliver and Larson 1996). 
Text Box 3-1 describes each of  the six forest stand 
development stages.   

By examining the acreages of  forest in different 
stand development stages over time and how these 
acreages change, one can infer the potential condition 
of  the environmental resources and the effects of  
the different alternatives on the environment. For 
example, the amount and types of  wildlife habitat (p. 

98), the amount of  forest in older-stand conditions 
(p. 53), the level of  susceptibility of  the forest to pest 
and disease (p. 87), the amount of  carbon sequestered 
(p. 118), the level of  riparian function achieved (p. 
58), and the potential visual impacts (p. 89) can all be 
assessed by examining the stages of  development of  
a given forest stand.

What Are the Current Conditions in 
Terms of Stand Development Stages?
For the South Puget planning unit as a whole, the 
largest proportion of  forested state trust lands  
(40 percent) is currently in the Understory 
Development stage, followed by the Ecosystem 
Initiation (27 percent), Competitive Exclusion  
(20 percent), and Biomass Accumulation (11 percent) 
stages. Less than two percent are in the most 
ecologically complex stages (Niche Diversification 
and Fully Functional) combined (refer to Chart 3-1). 

On a watershed basis, most of  the 13 selected 
watersheds show trends similar to that of  the 
planning unit overall (Chart 3-1). However, North 
Fork Mineral, Catt, and Tiger watersheds contain 
fewer young stands in the Ecosystem Initiation 
stage, which is a reflection of  fewer variable 
retention harvests occurring in the recent past 
within these areas.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

East Ck. (4,052 acres)
Mineral Ck. (4,761 acres)

North Fork Green (6,602 acres)
Catt (6,893 acres)

West Kitsap (7,261 acres)
Kennedy Ck. (9,227 acres)

Tiger (10,092 acres)
Lynch Cove (11,063 acres)

Reese Ck. (11,971 acres)
North Fork Mineral (13,883 acres)

Mashel (15,139 acres)
Great-Bend (16,318 acres)

Howard-Hansen (16,499 ac)
Planning Unit (146,172 ac)

Ecosystem Initiation Competitive Exclusion Understory Development

Biomass Accumulation Niche Diversification Fully Functional

Chart 3-1. Percent of Acres Currently in Different Stand Development Stages For Selected Watershed 
and the Planning Unit
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What Is Stand Density and Why Is it 
Important? 
Stand density refers to the degree to which an area 
is occupied by trees. Measures of  stand density 
indicate the competition between trees in a stand 
for essential resources such as sunlight, moisture, 
nutrients, and growing space. DNR uses a measure 
of  stand density called Curtis’ relative density (or 
Curtis’ RD, refer to Text Box 3-2) to assess the 
level of  competition between trees in a stand. 
This measurement allows relative comparisons at 
different points in space and time. 

Forest stands naturally self-thin; some trees will 
die; other trees get bigger. After a stand-replacing 
disturbance (such as a harvest activity or fire) and 
subsequent regeneration, stand density increases 
until mortality reduces the number of  trees to 
match the capacity of  the site to support them.

High stand density results in reduced tree vigor, 
decreased growth, increased mortality, and 
susceptibility to stressors such as insects, disease, 
and drought (O’Laughlin and Cook 2003). 

Dense stand conditions also lack attributes 
important to wildlife (p. 98) and inhibit movement 
through the forest (dispersal) by northern spotted 
owls (p. 107). The relative density at which 
competition-induced mortality is observed varies 
by species. For example, Douglas-fir plantations 
generally begin to experience competition-induced 
mortality at RD 50 (Curtis 1982; Bailey and 
others 1998), although some stands do not have 
significant mortality until RD 70. More tolerant 
western hemlock stands experience mortality 
at RD 55 and higher, while intolerant red alder 
stands reach this point at RD of  44 (Puettmann 
and others 1993) and higher (DNR 2004). For 
additional discussion on how stand density affects 
the environment DNR incorporates by reference 
the 2004 Sustainable Harvest Final EIS (p. 4-25 to 
4-27).

Natural stands of  mixed species have a broader 
range of  tree species and ages and less uniform 
spacing and therefore tend to reach higher 
relative densities before significant density-
related mortality occurs. In addition, multi-storied 
stands, which typically have intolerant species in 
the overstory and tolerant species in the lower 

canopies, can maintain higher RD values before 
mortality is induced by competition.

Although the ranges of  acceptable stocking 
densities vary somewhat by a species shade 
tolerance, this analysis uses average ranges. Four 
stocking classes are defined based on ranges of  
RD, as shown in Table 3-2. Optimal stocking 
in terms of  individual tree growth and vigor is 
generally found when RD is less than 50; this 
class is termed “optimally stocked”. Competition-
induced mortality begins to be expressed in the 
RD range of  50 to 75, depending on species 
mix and stand structure, as noted above. DNR 
terms this density class “fully stocked.” Mortality 
becomes more significant when RD exceeds 75. 
DNR has defined two classes of  more severe 
degrees of  overstocking—overstocked and 
extremely overstocked—and this analysis focuses 
on these two stocking categories with RD greater 
than 75.

As a general measure, dense stands with an 
RD greater than 75 are at elevated risk for not 
achieving DNR’s ecological, social, or economic 
objectives; stands that reach this RD threshold 
represent “overstocked” stand conditions, used for 
comparison of  alternatives. 

DNR uses a measure of a stand density called Curtis’ 
Relative Density (RD) (Curtis 1982) for assessing 
competition within forest stands. RD represents how 
the density of a given stand relates to the theoretical 
maximum density for a particular tree species. RD is 
calculated by taking the stand basal area (BA) divided by 
the square root of its quadratic mean diameter (QMD). 

RD=BA/√QMD

Where: 
Basal area (BA) is the cross-sectional area of all tree 
stems for a given diameter range in a forest stand, and

Quadratic Mean Diameter (QMD) is the tree of 
average basal area within the same stand and diameter 
range. QMD may be obtained by dividing the stand basal 
area by the number of trees per acre, then finding the 
diameter of this tree. 

Text Box 3-2. Curtis’ Relative Density (RD)
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What Is the Current Stand Density?
Table 3-2 displays the current distribution of  stand 
density acreage by dominant tree species for all 
forest types. Twenty-five percent of  DNR-managed 
forests are in a dense overstocked condition, defined 
here as having an RD greater than or equal to 75. 
However, another 34 percent is on a trajectory to 
move from a “fully-stocked” to an “overstocked” 
condition.

Stands dominated by western hemlock have the 
highest proportion of  acreage in overstocked 
conditions (Chart 3-2). This is not unexpected, as 
western hemlock is a shade-tolerant species and 
can grow at higher densities than shade-intolerant 
species like Douglas-fir and red alder. One can see 

Relative Density (RD) Forest Types Classified by 
Dominant Species <50 Optimal 50-75 Fully 

Stocked
75-100 

Overstocked
>100  

Extremely 
Overstocked

Douglas-Fir 35% 4% 2% 64%
Red Alder 1% 0% 0% 5%
Silver Fir 1% 1% 0% 1%
Western Hemlock 5% 1% 0% 14%
Total Acres 47,321 38,972 25,320 114,994
Total (all forest types) 41% 34% 22% 3%

Table 3-2. Current Area (as percentage of planning unit) by Dominant Species and Relative Density*

* Curtis’ RD for live trees greater than 4 inch diameter

the differences between species and their tolerance 
(or intolerance) of  relative density in Chart 3-2. 
The peaks of  these distributions represent an 
approximation by species of  the point where each 
begins to self-thin; although, stands of  varied 
species with multi-story canopies (described above) 
may tolerate higher levels of  stocking compared to 
monoculture stands.

Table 3-3 illustrates that, for the entire planning 
unit, Uplands and Riparian land classes have a 
lower proportion of  their acreage (3 and 9 percent, 
respectively) in forests with overstocked stand 
conditions than GEM lands (13 percent).

Chart 3-2. Relative Density by Dominant Basal Area Species (≥4 inches dbh)
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                                         Density Class

Land Class <50 Optimal 50-75 Fully 
Stocked

75-100 
Overstocked

>100  
Extremely 

Overstocked
Riparian and wetlands (Riparian) 10% 13% 8% 1%
Uplands with specific management  objectives (Uplands) 25% 16% 1% 2%
Uplands with general management objectives  (GEMs) 6% 4% 13% 0%
Total (All Classes) 41% 34% 22% 3%

Table 3-3. Current Density* of Forests by Land Class

* Curtis’ RD for live trees greater than 4 inch diameter

The current acreage, by watershed, and the percent 
of  overstocked (RD>75) DNR-managed forested 
area is displayed in Table 3-4. The watersheds with 
the highest percentage of  overstocking are North 
Fork Green, Howard Hansen, and Catt watersheds. 

Watersheds
Overstocked 

DNR Acres 
(RD>75)

Percent 
Overstocked 

(RD>75)
North Fork Green 2,838 46%

Howard Hansen 5,855 38%

Catt 2,406 37%

North Fork Mineral 4,893 37%

Tiger 3,318 34%

Mineral Ck. 1,331 30%

East Ck. 992 26%

Reese Ck. 2,259 20%

Mashel 2,272 16%

Great Bend 1,967 13%

Kennedy Ck. 1,054 13%

West Kitsap 898 13%

Lynch Cove 398 4%

Table 3-4. Distribution of Currently Overstocked 
Acreage for Selected Watersheds

What Does Site Productivity Mean and 
How Is it Measured? 
Forest site productivity refers to the capacity of  a 
specific location to produce biomass, and is typically 
measured in terms of  a Site Index (refer to Soils,  
p. 76). Forest site productivity reflects the potential 
of  the forestland base to generate merchantable 
forest products (timber), produce habitat, 
and respond to forest management or natural 
disturbances. In general, higher productivity sites 
respond more rapidly to disturbances, are capable 
of  producing higher volumes of  timber, and/
or reach habitat conditions sooner than lower 
productivity sites. 

What is the Current Site Productivity?
In forested environments, productivity is often 
expressed as an index of  the actual or potential tree 
growth for a given site. This expression, known 
as site index, is a species-specific measure of  the 
average height of  trees in a forest stand at a specific 
age (typically 50 or 100 years). Site indexes are 
commonly grouped into site classes. The classes 
range from Site Class I (most productive) to Site 
Class V (least productive). Almost half  the land area 
in the planning unit (46 percent) is classified as Site 
Class III, which are soils that have somewhat limited 
growth potential (USDA 1982). Soils considered 
as Site Class III have an average 50-year Douglas-
fir site index of  109 feet (DNR 2008, GIS Soils 
Layer). Soils throughout the rest of  the planning 
area are divided nearly equally between Site Class 
I/II and Site Class IV/V. Most of  the planning unit 
(96 percent) has a 50-year Douglas-fir site index 
between 89 and 127. Refer to Appendix C for more 
information on site class. 

What Is Forest Biomass and Why Is it 
Important?  
Forest biomass is the total mass of  living and dead 
matter within a given area. The change in forest 
biomass over time is an indicator of  growth, the 
impacts of  forest disturbance (for example timber 
harvesting, insect infestation, and fire) across the 
forested landscape, and a measure of  sustainability 
for timber production. Forest biomass also provides 
measures for potential carbon sequestration (p. 118) 
and older-forest conditions. 

The total standing merchantable volume of  trees, 
often used in forestry to measure wood production, 
is used here as a surrogate 
for total biomass. Total 
standing merchantable 
volume accounts for only 

One Board Foot is a volume 
of wood measured one foot 
length by one foot wide, and 
one inch thick.
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the biomass contained in the tree stems (or boles), 
and is typically measured in the Pacific Northwest in 
board feet per acre. 

What is the Current Forest Biomass?
The total current standing merchantable biomass 
in the planning unit is roughly 3.3 billion board 
feet (Table 3-2). About 30 percent of  this is found 
in Riparian areas, 15 percent in Uplands, and 55 
percent in GEM lands; refer to Table 3-5.

How Do Forest Management Activities 
Influence Forest Conditions? 
Management activities have direct effects on 
stages of  forest stand development, tree species 
composition, and forest density as well as many of  
the topics included in this EIS that are subject to 
DNR management—water quality (p. 70), water 
quantity (p. 65), visual resources (p. 89), wildlife 
habitat (p. 98), soils (p. 76), roads (p. 82), and 
northern spotted owls (p. 107). 

What Type of Harvest Methods Does 
DNR Use? 
DNR’s timber harvesting activities (silviculture) can 
be broadly summarized as either variable retention or 
thinning harvests. A discussion of  silviculture as used 
by DNR is incorporated by reference from the 2004 
Sustainable Harvest Final EIS (p. 2-20 to 2-25). 

In the 2008 South Puget HCP Planning Unit Forest 
Land Plan Draft EIS, variable retention harvests were 
referred to as regeneration harvests, but the name has 
since been changed to better reflect DNR’s current 
harvesting system. Variable retention harvests remove 
most trees in a stand (leaving between 8 and 16 trees 
per acre standing) primarily to produce revenue for 
trust beneficiaries and have an associated regeneration 
management activity. The main objective of  a variable 
retention harvest is to initiate a new commercial 

Land Class Acres Long-Term Deferrals* 
(Percent of Area)

Standing Volume 
(MBF)**

Riparian and Wetlands (Riparian) 43,869 28% 315,951

Uplands with Specific Management Objectives (Uplands) 78,523 19% 273,217

Uplands with General Management Objectives (GEMs) 23,781 18% 66,782

Total (All Classes) 146,173 65% 655,950

Table 3-5. Area and Volume by Land Class for the Planning Unit

cohort by removing much of  the existing overstory, 
and generating revenue for trust beneficiaries while 
retaining important legacy structures or cohorts.

Thinning harvests are a silvicultural treatment that 
reduces stand density of  trees primarily to improve 
growth, enhance forest health, or recover potential 
mortality. Thinning harvests can maintain or prolong 
a forest stand development stage, change the 
development pathway by adding structure (down 
woody debris or snags), or encourage the development 
of  a second or third tree cohort in the understory 
(Text Box 3-3). Thinning harvests generally maintain 
most of  the existing overstory commercial cohort of  
trees.

Depending on objectives, forest stands may receive 
only thinnings, only variable retention harvests, or a 
mix of  both. Within the past decade approximately 
14,500 acres of  variable retention harvest and 7,000 
acres of  thinning were conducted in the planning unit. 
DNR uses thinning and variable retention harvests to 
enhance forest structures in distinctly different ways 
across forested landscapes (DNR 2004). 

DNR employs a system for managing the components 
of forests called cohort management. The term 
cohort refers to a group of individuals with common 
characteristics. The idea is to manage and track 
components (cohorts) of forest stands over time in order 
to achieve management objectives. For example, one 
forest cohort might be a group of trees developing after 
a single disturbance, such as a timber sale or wildfire, 
and consisting of trees of similar age. Other cohorts may 
relate to ecological functions including snags, very large 
trees, or downed wood. Still other cohorts may have 
commercial functions, such as high value products of a 
certain species, size, or quality (refer to Management 
of Forest Stand Cohorts, Westside PR-14-006-090 
Appendix E).

Text Box 3-3. Forest Cohort Management
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How Do Young Stand Management 
Activities Affect Forest Conditions? 
Young stand management activities like tree 
planting, controlling competing vegetation, and 
pre-commercial thinning can be used to control the 
numbers and types of  trees in the newly developing 
forest stand. These early forest stand entries are an 
opportunity to influence the biologically diverse 
pathways along which forest stands develop into 
desired future conditions. Tree species composition 
plays a key role in forest structure, because, over 
time, different tree species grow at different rates 
and develop unique foliage, bark, and branch forms, 
contributing to structural diversity (Carey 2007). 
The average annual young forest stand management 
activities from 1997 to 2007 included about 
1,500 acres of  planting, 1,300 acres of  vegetation 
management (hand-slashing or herbicide use), and 
750 acres of  pre-commercial thinning.

Older-Forest Conditions
Older-forest conditions are defined as forest stands 
occupying the most structurally complex forest 
stages including those in the Niche Diversification 
and Fully Functional stages (DNR 2006a, p. 47) 
although structural complexity actually begins in the 
Biomass Accumulation stage (DNR 2004). Forest 
stands that are formally designated as “old growth” 
and defined using the Weighted Old Growth 
Habitat Index or WOGHI (DNR 2005), also are 
assumed to meet older-forest conditions.

Why Are Older-Forest Conditions 
Important?
Older-forest conditions contribute to ecosystem 
health, complexity, and resilience (Carey 2007). They 
also contribute to the achievement of  many of  
DNR’s management goals, including protection of  
riparian habitat to support fish (refer to Riparian,  
p. 58), Wildlife (p. 98), Marbled Murrelet (p. 106), 
and Northern Spotted Owl (p. 107). 

What Criteria Are Used to Assess 
Older-Forest Conditions? 
DNR’s general silvicultural policy specifies that 10 
to 15 percent of  each HCP planning unit should 
contain or be managed for older-forest conditions 

(DNR 2006b, p. 47). Refer to Chapter 2: Alternatives 
Relating to Meeting Older-Forest Conditions: Alternative A 
(p. 25) for additional information. 

OLD-GROWTH STANDS 
DNR has a separate policy on old-growth stands 
(DNR 2006b, p. 34). For the westside planning 
units, DNR developed the Weighted Old Growth 
Habitat Index (WOGHI) to screen its inventory 
data for old-growth forest stands which are greater 
than five acres (DNR 2005; DNR 2006a). Forest 
stands are assumed to be old growth when they 
have either a high potential (greater than or equal to 
60 WOGHI score) or moderate potential (between 
50 and 60 WOGHI scores) for old growth. They 
are deferred from harvest until a field assessment 
is conducted to determine if  the stand is truly 
old growth or open for management activities in 
accordance with DNR’s 2006 Policy for Sustainable 
Forests. 

How Much Forest Exists In Older-
Forest Conditions Today?
Historically, older forests were estimated to have 
occupied between 54 and 70 percent of  all lands 
in western Washington (National Research Council 
2000). Now, most older forests are found on federal 
forestlands within the region. Currently, less than 
two percent of  forested state trust lands in the 
planning unit occupy the Niche Diversification 
or Fully Functional stages (Chart 3-1) of  stand 
development. Of  the 820 acres identified as having 
a high old-growth potential (a WOGHI score of  
“high”), 507 acres have been preserved permanently 
within the newly created Charley Creek Natural 
Area Preserve in the Grass Mountain watershed. An 
additional 191 acres are protected within the Bald 
Hills Natural Area Preserve located in the Powell 
Creek watershed. Remaining scattered acreage with 
a higher old-growth potential is located within the 
Kennedy Creek (33 acres), Tiger (26 acres), North 
Fork Mineral (56 acres), and Middle Deschutes 
(10 acres) watersheds. Most of  the 579 acres with 
moderate old-growth potential are located in the 
Mineral Creek (374 acres) and North Fork Mineral 
(100 acres) watersheds.
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How Does Management Affect Older-
Forest Conditions? 
To achieve increased older-forest conditions, DNR is 
actively managing forests to attain various objectives 
that increase structural complexity. This biodiversity 
pathway approach was fully described in DNR 2004, 
p. 2-24. More than 50 percent (78,000 acres) of  the 
planning unit is designated as a dispersal management 
area for northern spotted owls (p. 105), requiring 
active management to help achieve habitat conditions. 
Whenever harvest operations occur, DNR’s cohort 
management procedure (Text Box 3-3, Appendix 
E) helps to ensure that the structural elements that 
contribute to older-forest conditions are preserved or 
created.

Threatened, Endangered, 
and Sensitive Plants and 
Special Ecological Features
DNR is committed to maintaining and recovering 
threatened and endangered plants listed under the 
1973 federal Endangered Species Act (ESA)2. Although 
the ESA has identified only 10 plant species for all 
of  Washington, DNR’s Natural Heritage Program 
recognizes a more substantial number of  plants which 
are assigned a status (endangered, threatened, or 
sensitive). Potential impacts from DNR management 
were analyzed under DNR’s Draft and Final EIS for 
the 1997 Habitat Conservation Plan (DNR 1996). This 
included protection for unique habitats, which may 
contain rare plants. 

What Guides Special Plant Management?
DNR’s policy on special ecological features (DNR 
2006b, p. 39) establishes protections for threatened or 
rare ecosystem types. A detailed discussion of  policies 
and regulations governing plant management can be 
found in DNR 2004, Appendix C. 

What Are Current Special Plant 
Conditions?
No comprehensive inventory of  threatened, 
endangered, and sensitive plants or ecosystems 
exists for forested state trust lands. DNR’s Natural 
Heritage Program maintains a Geographic 
Information System (GIS) database of  known 
occurrences for all lands in Washington. A query of  
this data shows that 44 of  these species may occur 
within the planning unit (refer to Appendix K). 
Of  these, five species are known to occupy forest 
environments where timber harvests may occur  
(refer to Table 3-6).

Plants and ecosystems may respond positively or 
negatively to disturbances such as timber harvesting 
as more sunlight becomes available and micro-
habitats change. There is no guarantee that forest 
management will not have impacts to threatened, 
endangered, and sensitive plants or rare ecosystem 
types. A more detailed discussion of  potential 
impacts from current forest management can be 
found in the 2004 Sustainable Harvest Final EIS (p. 
4-32 to 4-34).

Considering that threatened, endangered, and 
sensitive plants are so rare, highly dependent on 
local site conditions, and no systematic survey has 
been carried out on DNR lands, it is not currently 
possible for DNR to assess potential differences 
between alternatives through predictive or data 
analysis means. However, DNR mitigates for 
potential impacts to threatened, endangered, or 
sensitive plants and ecosystems on a site-by-site 
basis. If  an occurrence is identified, foresters 
consult directly with a Natural Heritage Program 
scientist. 

Species Common Name Habitat State Status
Chrysolepis chrysophylla Giant golden chinquapin Dry, open to thick wooded areas Sensitive

Cimicifuga elata var. elata Tall bugbane Moist, shady woods, lower elevation Sensitive

Cypripedium fasciculatum Clustered lady slipper Coniferous forest Sensitive

Lathyrus torreyi Torrey’s peavine Mixed conifer forest Threatened

Pityopus californica Pine-foot Deep coniferous forests Threatened

Table 3-6. Threatened, Endangered, and Sensitive Species Known to Occupy Forest Environments in the 
Planning Unit Where Timber Harvesting May Occur
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Climate

What Is the Climate of Western 
Washington?
The area of  Washington west of  the Cascade 
Mountains is predominantly a marine type of  
climate; as is obvious by its mildness when 
compared to other climates at similar latitudes (46° 
to 49°). Three environmental factors—terrain, 
the Pacific Ocean, and semi-permanent high and 
low pressure systems over the northern Pacific—
combine to create drastic changes in climate over 
relatively short distances (Bach 2004; NOAA 1985).

There are two large mountain chains in the western 
part of  Washington, the Olympics and the Cascades. 
The large Cascade Range divides the wetter western 
side of  the state from a dramatically drier eastside. 
Moisture-laden clouds form over the Pacific Ocean 
and are first intercepted by the Olympic coastal 
range (NOAA 1985). As the clouds move over the 
land and up in elevation, condensation occurs as 
the temperature drops, releasing precipitation as 
it moves up the windward mountain slopes (Agee 
1993); therefore, where the Cascade foothills meet 
the Puget lowlands large amounts of  precipitation 
fall every year. Conversely, during summer months, 
winds from the east that move dry desert air rise 
over the Cascades causing high-velocity warm winds 
to blow in short spells. The profiles in Figure 3-1 
(a and b) compare the winter and summer flow of  
prevailing winds for the region.
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a. This winter elevation cross-cut of the northern part of the planning unit shows prevailing southwesterly and westerly winds bringing moisture-
laden air in from the Pacific and diagramming areas where moisture is likely to fall as air parcels move over land masses as described in the 
paragraph above. 

b. In the same profile, westerly and northwesterly flow is shown moving dry air masses toward the coast. These inland flows are more common in 
the summer and bring warm dry air over the Cascades to the Puget Lowlands and other parts of the coast. 

Figure 3-1. Comparison of Prevailing Winds during the Winter (a) and Summer (b). Based on Agee 1993 
and Bach 2004.

Proximity to the Pacific Ocean is very important 
to the climate of  western Washington. The 
temperature of  the Pacific Ocean changes very 
little throughout the year (though according to the 
Intergovernmental Panel on Climate Change (2007) 
ocean temperatures may be on the rise overall); in 
the winter, the water is warmer than the adjoining 
land mass and in the summer is slightly cooler. The 
air over the water is often the same temperature 
as the water; therefore, nearness to the Pacific 
Ocean and the Puget Sound translates to similar 
temperatures for the surrounding land surfaces 
(Bach 2004). Both rainfall and snowfall increase 
with a slight increase in elevation and distance from 
the water. In addition, variations in temperature 
and length of  growing season and fog can also be 
related to relative distance from these bodies of  
water (NOAA 1985). 

Seasonal Influences
Semi-permanent high and low pressure systems over 
the Pacific Ocean strongly influence the seasonal 
changes in Washington. The low pressure system 
(Aleutian Low) is strongest in the late fall, peaks in 
the winter, and loses strength and moves northward 
in the spring. The jet stream brings many cold fronts 
into the region which are slowed as they ascend 
the Cascades, bringing low intensity, long duration 
precipitation events (Bach 2004). As the low 
pressure system weakens, the high pressure system 
(Pacific High) gains strength, bringing westerly and 
northwesterly air that is dry, cool, and stable (Agee 

C
lim

ate



56								                         Washington Department of Natural Resources

1993). The dry season begins with the movement 
of  this air mass over the Pacific Northwest in late 
spring and peaks with the warmest days in July and 
August (refer to Figure 3-2).

Nearly every winter, especially those associated 
with La Niña, the polar jet stream will mix 
with the tropical jet stream in a phenomenon 
called the Pineapple Express. This event results 
in exceptionally heavy precipitation, often 
accompanied by warm westerly winds resulting in 
premature snow melting, referred to as rain-on-
snow events (Bach 2004). 

Precipitation Events
Winter in western Washington is cloudy and wet but 
the summers are generally cool and comparatively 
dry. December and January are the wettest months 
of  the year, unlike July and August, where several 

Figure 3-2. Demonstration of air movement in and around the Pacific Northwest caused by high and low 
pressure systems and the jet stream. Also a chart of average total precipitation.

weeks may pass with only light showers. The graph 
in Figure 3-2 shows the monthly precipitation 
distribution for a 70-year period at the City of  Sea-
Tac in western Washington. Annual precipitation 
averages 40 to 60 inches per year in the Puget 
Sound area and increases with elevation, with up 
to 180 inches falling annually along the west slopes 
of  the Cascades (Bach 2004) (refer to Map 3-3). 
Historically, Mount Rainier and other peaks in the 
Cascade Range have had record-breaking snow 
accumulations. Six of  the 10 warmest years recorded 
in Washington since 1918 occurred between 1996 
and 2007 (NOAA 2008), which may surprise locals, 
since many of  those years also had above-average 
rainfall, partnered with severe flooding in western 
Washington and other parts of  the western coastal 
states. Increased rainfall puts DNR-managed lands 
at higher risk for landslides (refer to Soils, p. 76) 
and loss of  productivity as soils and nutrients can 
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slough off  during extreme precipitation events. For 
an in-depth description of  recent flooding events in 
western Washington, refer to pages 37 to 46 of  The 
Weather of  the Pacific Northwest (Mass 2008).

Solar Radiation
Clouds are more prevalent than sun during the 
winter months in western Washington, where the 
possible monthly sunshine is only around 25 percent 
except during the summer, where the sun is visible 
up to 60 percent in any given month. The region 
receives one of  the lowest percentages of  solar 
radiation in the entire nation on average, meaning 
general solar exposure is very low. The growing 
season ranges from April to early November, when 
the ground is typically frost-free (NOAA 1985). 

Wind Events
Wind is a common component of  western 
Washington climate but notable disturbances from 
these winds generally occur only one to two times 
annually. Wind shapes the forest structure of  
western Washington more than any other natural 
disturbance event. During winter months, prevailing 
winds are generally southwesterly although wind 
commonly flows in areas of  least resistance such 
as winds flowing into the Puget Sound from land 
openings to the north, near Seattle, and also through 

Map 3-3.  Annual Precipitation in Washington (100-year average)
Map by Rebecca Niggemann  01/25/08

small elevation gaps near the Columbia River Gorge 
and the Chehalis River Valley. Wind speeds are 
generally below 10 miles per hour in the lowlands 
and foothills, but can range from 50 to 70 miles per 
hour along the coast and have been observed at a 
consistent 50 to 60 miles per hour during storm 
events with higher gusts in inland areas. Wind 
speeds generally increase with elevation and ridge 
tops have the highest and least predictable winds, as 
seen in Map 3-8, which depicts higher ridges of  the 
Cascades, especially Mount Rainier, having very high 
wind speeds compared to the rest of  the planning 
unit. For an in-depth description of  recent wind 
events in western Washington refer to pages 102 
to 105 of  The Weather of  the Pacific Northwest (Mass 
2008).

Lightning
While western Washington generally does not 
experience dry lightning storms, the area does 
experience 10 to 12 rain storms with lightning per 
year, usually in the western foothills of  the Cascades 
(NOAA 1985).
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Riparian 
Riparian zones are the 
streamside vegetation, soils, 
and moisture regimes along 
streams and other water bodies (DNR 
1997). Raedeke (1988) describes riparian 
systems as having long, linear shapes with 
high edge-to-area ratios, and microclimates 
distinct from those of  adjacent uplands. Distinct 
gradients of  moisture create obvious changes in 
communities of  plants and animals from those of  
adjacent uplands (Richardson and others 2005). 

Why Are Riparian Areas Important? 
Riparian areas provide habitat conditions that are 
important for salmon and numerous plant and 
animal species. Riparian forests influence stream 
conditions such as stream flow levels (Cleaverly 
and others 2000), temperature (Brown and Krygier 
1970), and nutrient concentrations (Tabbacchi and 
others 1998) and are a major source of  sediment 

and 
organic 

materials 
(Triska and others 
1982; Gregory and 

others 1991). A wide 
variety of  hydrologic, 

geomorphic, and 
biotic processes determine the 

character of  riparian areas. Riparian areas have 
distinctive resource values and characteristics 
that make them important zones of  interaction 
between terrestrial and aquatic ecosystems 
(Meehan 1991; Johnson and Ryba 1992).

What Are the Criteria for Managing 
Riparian Conditions? 
The criteria by which riparian management zones 
are measured include providing adequate shade, 
reducing sedimentation, and preventing forest 
chemicals from entering the stream (Bilby 

Map 3-4. Wind Speeds                                     
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and Waserman 1989). Over the past 33 years in 
Washington, harvesting activities that have occurred 
near riparian areas have been governed by Forest 
Practices Rules (DNR 2001, p. 3-40), but in 1997, 
in addition to following these Rules, DNR began 
managing trust land riparian areas as prescribed in 
the Habitat Conservation Plan (DNR 1997). 

On forested state trust lands, riparian functions are 
protected through the use of  riparian management 
zones, where the extent and type of  management 
activities that can be implemented are restricted in 
order to meet the 1997 HCP objectives (FEMAT 
1993). The extent and type of  management activity 
in riparian management zones are important, 
particularly those activities that target restoration of  
riparian functions.

DNR maintains and restores salmonid freshwater 
habitat on trust lands and contributes to the 
conservation of  other aquatic and riparian obligate 
species (DNR 1997, p. IV. 55). This requires that 
any adverse effects of  upland management activities 
be minimized (Bigley and Deisenhofer 2006, p. 2). 

What Are the Indicators for Assessing 
Riparian Conditions?
The most important recognized functions of  
stream riparian areas include large woody debris 
recruitment, leaf  and needle litter recruitment, 
stream shade, microclimate, streambank stability, 
and sediment control. Large trees, in the Fully 
Functional and Niche Diversification development 
stages, affect these functions positively. Large trees 
provide strong root systems, which, in turn, provide 
critical structure for fish habitat and help prevent 
streambank erosion (Bigley and Deisenhofer 2006). 
Therefore, the creation and maintenance of  stand 
structure and composition are vital components of  
riparian restoration and will be used to measure the 
indicators of  riparian conditions in Chapter 4  
(p. 139). 

Many authors have analyzed riparian functions 
(for example, Murphy and Meehan 1991; 
Forest Ecosystem Management Assessment 
Team [FEMAT] 1993; Spence and others 1996; 
DNR 1996, p. IV-145 to IV-175; Washington 
Forest Practices Board 2001, p. 3-36 to 3-40). A 
thorough discussion of  riparian elements and their 
relationship to aquatic habitat function is given in 

the Sustainable Harvest Final EIS (DNR 2004) and 
the 2007 Addendum (DNR 2007); therefore, only a 
brief  discussion of  these functions follows.

LARGE WOODY DEBRIS (LWD)
Decadence in trees (such as decay columns and 
cavities) are a particularly important feature of  large 
woody debris, as tree mortality generally provides 
the greatest source of  recruitment to streams (Bilby 
and Bisson 1998). Large trees must be present in 
the riparian zone as a source for the recruitment 
of  large woody debris to the stream system that is 
critical for spawning, rearing, and over-wintering 
habitat (Bigley and Deisenhofer 2006) for salmonid 
species. Numerous studies have shown that large 
woody debris is an important component of  
fish habitat and aquatic organisms (Swanson and 
others 1976; Harmon and others 1986; Bisson and 
others 1987; Maser and others 1988; Naiman and 
others 1992; Samuelsson and others 1994) and 
that it is critical for sediment retention (Keller and 
Swanson 1979; Sedell and others 1988), gradient 
modification, structural diversity (Ralph and others 
1994), nutrient production and retention (Cummins 
1974), and protective cover from predators. 

LEAF AND NEEDLE LITTER RECRUITMENT
In aquatic systems, some vegetative organic 
materials (such as algae) originate within the stream 
while others (such as leaf  and needle litter) originate 
from sources outside the stream. Stream benthic 
communities are highly dependent on materials 
from both sources. The abundance and diversity 
of  aquatic species can vary significantly, depending 
upon the total and relative amounts of  algae, leaf, 
and litter inputs to a stream. The source and level of  
organic debris input can change in a riparian forest 
stand. For example, as a riparian forest stand ages, 
the amount of  litter-fall increases (IMST 1999). 
Decomposition of  organic matter increases with 
temperature which can decrease the amount of  
time this matter is available to benthic communities 
(Bates and others 2008). 

STREAM SHADE
Stream shade is often the primary factor influencing 
stream temperature; all aquatic organisms have a 
temperature range outside of  which they cannot 
exist. Stream temperature also influences water 
chemistry, which can affect the amount of  oxygen 
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present to support aquatic life. Factors that affect 
shading include stream size, stream orientation, 
local topography, tree species, stand age, and stand 
density (DNR 2004).

MICROCLIMATES
Microclimates are a local atmospheric zone 
where the climate differs from the surrounding 
area. Removing streamside vegetation can result 
in changes in microclimatic conditions within 
the riparian zone, subsequently influencing a 
variety of  ecological processes that may affect 
the long-term integrity of  riparian ecosystems 
and associated aquatic habitat (Spence and others 
1996). Microclimate is also important to stream and 
riparian species other than fish, such as amphibians 
(refer to Fish, p. 73; Wildlife, p. 98).

SEDIMENT CONTROL AND SLOPE AND 
STREAMBANK STABILITY
Sediment can be delivered to the aquatic system as 
surface erosion (mostly fine sediment) generated 
from harvest units, skid trails, and roads within 
the riparian area, particularly at stream crossings 
(Cederholm and others 1981). Sediment also can be 
delivered as landslides or debris torrents (coarse and 
fine sediments), whether initiated naturally (Soils,  
p. 76) or in harvested areas on unstable slopes 
(Waters 1995).

Slope stability depends partly on reinforcement 
from tree roots, especially when soils are partly 
or completely saturated. In addition to having 
significant impacts on the stream channel, debris 
torrents also can affect riparian buffer functions 
and streamside forests when bank scour removes 
streamside vegetation (refer to Soils, p. 76). 

The stability of  streambanks is largely determined 
by the size, type, and cohesion of  the soil profile; 
vegetation cover; root mass; and the amount of  
bedload carried by the channel (Sullivan and others 
1987). Riparian vegetation can provide hydraulic 
roughness that dissipates stream energy during high 
or overbank flows, which further prevent bank 
erosion. In most cases, vegetation immediately 
adjacent to a stream channel is most important in 
maintaining bank integrity.

What Are the Current Conditions of 
Riparian Areas?
DNR uses stand development stages to assess forest 
conditions (p. 44) in riparian areas. The Biomass 
Accumulation, Niche Diversification, and Fully 
Functional stages are dominated by trees greater than 
30 inches in diameter at breast height. The further 
it is from a stream, the larger and taller a tree must 
be to supply large woody debris effectively when it 
falls into the stream (McDade and others 1990). The 
effectiveness of  shade, leaf  litter, and microclimates 
as factors in stream health is similarly dependent on 
their distance from the stream. 

The distribution of  stand development stages within 
the riparian areas as compared to historic unmanaged 
stand levels shows a reduction in many of  the 
riparian functions because the numbers of  adjacent 
large, fully functioning riparian forest stands have 
decreased.

Forty percent of  the existing riparian areas are in the 
Understory Development stage, which are forests 
in transition from highly dense, closed conditions to 
forests with more complex conditions. The Riparian 
land class has one of  the highest percentages of  

Stream Miles
DNR Stream Type2 DNR Forested 

Trust Lands Federal Lands Private Lands 3 Other 4 Total
1 36 (3%) 97 (7%) 732 (55%) 475 (35%) 1,342
2 8 (3%) 12 (5%) 160 (69%) 51 (22%) 231
3 321 (9%) 328 (10%) 2,431 (72%) 321 (9%) 3,400
4 818 (9%) 2,137 (23%) 5,468 (59%) 876 (9%) 9,299
Total (all Types) 1,183 (8%) 2,574 (18%) 8,791 (62%) 1,724 (12%) 14,271

1. The current DNR GIS layer for streams is believed to underestimate the number of Type 3 streams. Consequently, for the purposes of this paper, stream types in the stream 
layer were modified by upgrading Type 9 and Type 5 streams to Type 4, and Type 4 streams to Type 3.
2. DNR and the Federal Services (U.S. Fish and Wildlife Service, and National Oceanic and Atmospheric Administration Fisheries) have agreed the Washington Forest Practices 
Board Emergency Rules (stream typing), November 1996 (WAC 222-16-030) meet the intent of DNR’s 1997 HCP. A comparison of DNR’s permanent water typing system is 
defined in the rules (WAC 222-16-030) and the HCP stream typing system is discussed in Appendix B of DNR (2006b).
3. The “Private Land” category includes industrial forestland, agricultural lands, and residential, industrial, and commercial lands. 
4. The “Other” category includes DNR-managed non-forested land, municipal lands, and water bodies (larger streams, rivers, lakes, and marine shorelines).

Table 3-7. Stream Miles by Ownership within the Planning Unit1
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Stand Development Stages Acres Percent
Ecosystem Initiation 6,210 15%

Competitive Exclusion 8,433 20%

Understory Development 20,995 49%

Biomass Accumulation 6,353 15%

Niche Diversification 267 > 1%

Fully Functional 559 1%

Total Acres 42,817

Table 3-8. Current Distribution of Stand Develop-
ment Stages in Riparian Areas 

acreage in forests with overstocked (RD≥75) stand 
conditions. Refer to Stand Development Stages, Text 
Box 3-1 (p. 46). One percent of  riparian forests are 
currently in the Fully Functional stage (Table 3-8).

DNR’s long-term goal for riparian management 
zones is based on the assumption that structurally 
complex characteristics affect the function of  
stream riparian areas positively, and support 
desirable aquatic habitat, thus aiding riparian 
obligate species and salmon habitat recovery 
(DNR 1997). The long-term target for riparian 
management zones includes older-forest conditions, 
while the more immediate goals are described in 
Table 2 of  the Riparian Forest Restoration Strategy 
(Bigley and Deisenhofer, p. 8). Currently, it is 
estimated that two to four percent of  riparian areas 
are in older-forest conditions.

How Does DNR Manage Riparian 
Areas?
The Riparian Forest Restoration Strategy (Bigley and 
Deisenhofer 2006) provides the framework for 
how DNR now manages forest stands within 
riparian zones. The strategy focuses on restoring 
riparian function by using silvicultural treatments 
to achieve desired forest stand conditions (Bigley 
and Deisenhofer 2006, p. 21). Implementation of  
the strategy is consistent with the biological opinion 
for the 1997 HCP (USFWS 1997, p. 16). DNR is 
also currently developing a long-term Headwaters 
Conservation Strategy for the management of  
riparian forests along Type 5 waters, designed 
to increase protection for headwater-associated 
sensitive sites in order 
to maintain ecological 
functions both on site 
and in-connection to 
downstream systems.

How Does DNR’s Management Affect 
Riparian Areas?
Although the type, frequency, and scale of  timber 
harvest activities (which can only be assessed in 
site-specific analyses) can be a primary factor in 
influencing the conditions discussed, other activities 
can affect riparian functions within the riparian 
zone. 

The current distribution of  stand development 
stages indicates a low to moderate level of  fully 
functioning forest stands within riparian areas, 
suggesting that many streams on forested state 
trust lands may have reduced levels of  one or more 
riparian functions (DNR 2004). These areas are 
likely to remain in this status for the near future 
because they contain moderate to high levels 
of  early stand development stages. In contrast, 
many small to moderately sized streams may be 
approaching a moderate to high level for some 
riparian functions, such as large woody debris and 
shade from trees in intermediate development 
stages. However, these small streams may also have 
substantial reductions in other riparian functions 
and lack decadent features important for some 
wildlife and riparian-dependent species. Overall, 
riparian areas in this planning unit have a relatively 
high proportion of  early and mid-developmental 
stand stages and lower proportions of  older, more 
structurally complex forest stand structures.

ROAD NETWORK 
The road network is essential for managing forested 
state trust lands. Roads impact riparian areas 
through their use and placement which can reduce 
the amount of  sediment input to streams and 
streambank stability (refer to Water Quality, p. 70 
and Soils, p. 76). The number of  active roads within 
200 feet of  a water body (shown in Chart 3-3, p. 
81), as well as their density, can be used to quantify 
the potential for these impacts (refer to Roads, p. 
80).   

RECREATION
In general, environmental impacts from recreation 
would include any strategies that result in 
disturbance within the riparian zone and may 
increase the risks to riparian functions including 
vegetation removal, bank trampling, or placement 
of  permanent structures (installation of  recreational 

Type 5 waters are the 
smallest of the non fish-
bearing streams. Type 
5 waters may be either 
perennial or seasonal, with  
or without a defined channel.
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facilities, boat launches, campsites, roads, or trails). 
In addition, increases in recreational access to a 
given area can impact riparian functions negatively 
through additional pedestrian and motorized vehicle 
access and use (refer to Recreation, p. 85).

Wetlands
Wetlands are defined as “areas that are inundated 
or saturated with surface or groundwater at a 
frequency and duration sufficient to support, and 
that under normal circumstances do support, a 
prevalence of  vegetation typically adapted for life 
in saturated soil conditions”.3 Wetlands may be 
seasonal or permanent and are commonly referred 
to as swamps, marshes, or bogs.

Why Are Wetlands Important?
Wetlands provide habitat for a multitude of  
species. Wetlands are essential habitat for 
amphibians and aquatic invertebrates, and 
rearing habitat for Coho salmon; they are used 
by birds and mammalian species for nesting and 
feeding; and they provide connectivity for wildlife 
movement and refugia (DNR 2004, p. 4-132).

Wetlands are also an important component 
supporting water quantity (p. 65) and water quality 
(p. 68) within a watershed. Therefore, wetlands 
are indirectly important to the maintenance of  
fish populations and fish habitat (DNR 2004). 
Wetlands serve as groundwater recharge zones, 
and are valued for the hydrologic, biogeochemical, 
and habitat functions they perform. They also 
perform an important function augmenting 
stream-flow during low flow periods, and in 
moderating peak flows during storm events (refer 
to Water Quantity, p. 65).

Recognizing the ecological values that wetlands 
provide to healthy forest ecosystems, DNR strives 
to minimize activities in or adjacent to them. 

What Are the Criteria for Assessing 
Wetlands?
Broad policy direction for management of  
wetlands on DNR-managed trust lands is found 
in the 2006 Final EIS on the Policies for Sustainable 
Forests (p. 3-115 to 3-123). Regarding the amount 
of  wetland on forested state trust lands, the 

criterion is no overall net loss of  naturally 
occurring wetland acreage and function (DNR 
2006b).

Using the 1997 Habitat Conservation Plan, DNR 
measures hydrologic function of  wetlands by 
whether they maintain natural water flow in 
wetlands, continuously maintains a plant canopy 
that provides a sufficient transpiration surface 
and establishes rooting, and ensures stand 
regeneration.

Since the HCP was written in 1997, DNR has put 
into place additional guidance to ensure wetland 
protection, such as in the 2006 Riparian Forest 
Restoration Strategy, Forestry Handbook Procedure 
for Wetland Management4, and Forest Practices 
Rules.

What Are the Indicators for Assessing 
Wetland Functions?
WATER FLOW
Wetlands perform many important hydrologic 
functions (refer to Water Quantity, p. 65), although 
they are usually thought of  as areas of  groundwater 
discharge, some wetlands serve as areas of  
groundwater recharge (Ecology 1992). Wetlands 
also improve water quality by filtering out sediments, 
excessive nutrients, and toxic chemicals. 

Figure 3-3 depicts the seasonal fluctuations 
of  water flow through the evaporation and 
transpiration processes of  a wetland. This water 
balance is a single estimate of  water loss called 
evapotranspiration. In depressional wetlands, where 
there is no significant outlet, and in wetlands where 
the water table is often close to the ground surface, 
evapotranspiration may be the most significant 
factor in removing water from the system (SCS 
1993).

BIOGEOCHEMICAL
Water purification functions of  wetlands depend 
on four principal components of  the wetland: 
substrate, water, vegetation, and microbial 
populations (Hammer 1989; Hemond and others 
1987).

These factors control the hydrologic and water 
quality functions of  wetlands: landscape position 
(elevation in the drainage basin relative to other 
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Spring/ 
Summer

Fall

Winter

Spring water table
Summer water table

Fall water table

- High evapotranspiration
- Plants are actively growing
- Storage capacity increases due to plant root  
  uptake (surface and groundwater)

- Low evapotranspiration
- Storage capacity decreases as plants lose   
  leaves and become dormant

- Low evapotranspiration
- Water uptake decreases in the winter 
   when plants lose their leaves
- Soil pro�le is saturated

Fall water table

Figure 3-3. Wetland Seasonal Fluctuations (modified from Carter 1997)
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wetlands, lakes, and streams); topographic 
location (depressions, flood plains, slopes); 
presence or absence of  vegetation; type of  
vegetation; type of  soil; the in- and out-flows 
of  water; and local climate conditions. Although 
broad generalizations regarding wetland functions 
can be made, these functions differ from wetland 
to wetland (Mitsch and Gosselink 1993; Elder 
1987).

VEGETATIVE COVER
The presence of  a particular plant does not 
indicate wetland conditions unless vegetative 
dominance, hydrology (p. 65), and soils (p. 76) 
criteria are satisfied. Understory vegetation 
and trees in wetland buffers help to maintain 
wetland hydrology near natural levels through 
evapotranspiration. Wetland hydrology can be 
disrupted by timber harvest activities within 
and adjacent to a wetland. Reductions in tree 
canopy and understory leaf  area can decrease 
evapotranspiration and result in increased 
groundwater flows, altering the rate at which water 
is removed (Bigley and Hull 2000). 

What Are the Current Conditions of 
Mapped Wetlands?
DNR’s GIS data were used to identify wetland acres, 
which were discussed in detail in the 2004 Sustainable 
Harvest Final EIS (p. 4-131 to 4-137).

Overall, 73,237 acres (2.3 percent) of  the planning 
unit have mapped wetlands; however many wetland 
acres in the planning unit remain unmapped. DNR-
managed trust lands account for 1,457 of  these 
wetland acres, equivalent to about two percent of  
the wetlands within the planning unit (Table 3-9). 
Of  these DNR-managed wetlands, 53 percent are 
mapped as forested and 47 percent are mapped as 
non-forested.

Acres

Wetland Type DNR Forested Trust Lands Federal Lands Private Lands Other Total

Forested Wetlands 766 1,770 15,509 2,047 20,092

Non-Forested Wetlands 691 4,136 42,873 5,446 53,145

Total Acres of Wetlands 1,457 5,905 58,383 7,492 73,237

Percent of Total Wetlands Acres 2% 8% 79% 11% 100%

How Does DNR Management Affect 
Wetlands?
TIMBER HARVESTING
Timber harvesting and associated management 
activities can affect wetlands and adjacent lands 
by potentially altering hydrology (p. 65); changing 
nutrient pathways; delivering sediment (which can 
diminish water quality, p. 70); changing species 
composition, growth, and structure; and reducing 
shade. The timing and method used to extract 
products from the forest can influence the effects 
of  the activity on wetlands significantly. Heavy 
equipment, if  used in wetlands, can so concentrate 
impacts that soil properties on site are altered. 
Trees in wetlands smaller than one-fourth acre 
are typically kept as leave tree clumps and become 
part of  a site-based leave tree strategy. While the 
hydrologic and biogeochemical functions begin 
to return when tree revegetation occurs, habitat 
functions can require more time for vegetation to 
become established.

Specifically, variable retention harvests on wetland 
sites can alter wetland hydrology and raise the 
elevation of  the water table. Changes in the 
hydrologic patterns and substrate of  wetland sites 
can influence plant species and growth within the 
wetland site directly.

ROADS
Construction of  roads (p. 82) can have the 
greatest direct impact on wetlands relative to other 
management activities because it may permanently 
eliminate the associated biological functions and 
potential for future tree growth in the affected 
area. Additionally, road crossings without 
adequate provision for cross-drainage can lead 
to flooding on the upslope side of  the crossing 
and subtle drainage changes on the downslope 
side (Stoeckeler 1967; Boelter and Close 1974). 

Table 3-9. Wetlands in Planning Unit by Ownerships
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As mentioned above, activities adjacent to and 
within DNR-managed wetlands happen only on 
exceptional occasions where alternative routes are 
not available for road construction.

RECREATION
The type of  recreation activity and the amount 
of  use an area receives influence the severity of  
potential impacts on a wetland, with the impacts 
depending on a variety of  factors which include 
the season of  use, group size, and type of  use (day 
use versus overnight/multi-day use, motorized 
versus non-motorized use). 

 
 
 
 

Water Quantity
Water quantity refers to the amount, timing, and 
intensity of  water movement within watersheds 
(DNR 2004, p. 4-117). In this section, the 
importance of  water quantity, the indicators of  
current conditions, and the influence of  DNR 
management activities on water quantity are 
discussed.

The amount of  water flowing through watersheds 
depends on many factors. The hydrologic cycle 
provides a basic explanation of  how water 
moves through a forested ecosystem (Figure 3-
4). Some of  the primary factors that influence 
water quantity include climate, which influences 
precipitation; geology and soil qualities, which 
influence infiltration and percolation processes; 
and vegetation, which influences interception and 
evapotranspiration (Fetter 2001). 

Figure 3-4. How Does Water Flow through Forested Ecosystems?
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Why Is Water Quantity Important?
The amount, distribution, and timing of  water flow 
in a watershed can affect fish habitat, soil erosion 
processes, and the built environment.

Changes in peak flows, or the highest expected 
volume of  surface water flowing in a stream, can 
affect streambank stability and channel morphology, 
water quality, salmonid habitat, and sensitive plant 
species. Peak flows, which can become large floods, 
may affect public safety and infrastructure adversely 
(DNR 2004, p. 4-117). A lack of  water or drought 
may impact fish habitat and water available for 
human use. 

Homeowners around Lake Tahuya, a 150-acre 
privately owned reservoir on the Kitsap Peninsula, 
are concerned about how DNR management in 
the Green Mountain State Forest surrounding the 
lake may affect peak flows and the potential for 
lakeshore flooding. 

What Are the Criteria for Water 
Quantity?
Hydrologic maturity is the measure DNR uses 
to assess the relative risks from water quantity 
effects due to changes in peak flows (DNR 1997). 
Hydrologic maturity refers to the percentage of  a 
watershed composed of  forests with predominantly 
closed canopies that have forest structures and 
compositions that allow them to behave in a manner 
that is hydrologically similar to a mature forest 
(DNR 1998, p. 4-171). Since harvesting (particularly 
variable retention) reduces forest cover, hydrologic 
maturity is a way of  assessing potential effects from 
forest management on water quantity. 

Under DNR’s procedure for Assessing Hydrologic 
Maturity5 at least 66 percent of  each sub-basin in 
the rain-on-snow and snow-dominated zones must 
remain in a hydrologically mature condition before 
any variable retention harvests may occur. DNR 
defines forest stands as hydrologically mature when 
the cohort is older than 25-years-of-age with an 
RD (Text Box 3-2, p. 47) greater than or equal to 
25. This procedure helps DNR reduce impacts 
to individual watersheds by spreading harvests 
out across many watershed sub-basins in areas 
vulnerable to peak flows caused by rain-on-snow 
events (Text Box 3-4). For further discussion and 

Text Box 3-4 depicts the main processes of  the 
hydrologic cycle (Brooks and others 1997; Fetter 
2001) described below.

	Precipitation comes in the form of  rain or snow 
at higher elevations (refer to Map 3-3, p. 55). 
	Interception occurs when precipitation is 
blocked and stored by vegetation or tree 
crowns. Some intercepted precipitation 
is returned to the atmosphere through 
evaporation and never reaches the forest 
floor. When vegetation intercepts snow, large 
differences in snow accumulations can result, 
in turn producing differing amounts of  water 
during snow melt events. 
	Evaporation occurs when liquid water on land 
surfaces, soil, or vegetation is released into the 
atmosphere as a gas because of  changes in 
temperature, solar radiation, or wind. 
	Evapotranspiration is the combined effect 
of  water evaporating from vegetative surfaces 
plus water vapor released through the biological 
process of  transpiration.
	Infiltration is the process of  water seeping 
(percolating) into surface soils. Infiltration rates 
depend on factors that include the physical 
qualities of  the soil, vegetation, and precipitation. 
Infiltrated water can percolate down to become 
subsurface or groundwater flow, or can be taken 
up by roots and be transpired.
	Surface (overland) flow occurs when soil 
infiltration is reduced because of  the saturation 
or compaction of  soils, leading to flow over 
land and eventually to stream channels.
	Subsurface flow occurs as infiltrated water 
flows through pore spaces in the soil and rock 
that contain both water and air (Fetter 2001). 
Subsurface water can be stored, taken up by 
tree roots, move laterally and contribute to 
stream flow, or percolate downwards into the 
zone where groundwater is stored.
	Groundwater flow occurs in the subsurface 
zone where all of  the soil or rock pores are 
filled with water (Fetter 2001). The water table 
marks the top of  the zone of  groundwater 
flow. The water in this zone may be stored or it 
can flow into seeps, springs, or other bodies of  
water. 
	Channel flow occurs when water from 
precipitation, overland flow, or subsurface 
flow reaches the surface and flows into a 
channel. Channel flow carries water and 
nutrients downstream and may impact the built 
environment during peak flow events.
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Text Box 3-4. Rain-on-Snow Zones 
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Hydrologists have broadly defined three hydrologic zones most likely to affect peak flows:  The Rain-Dominated zone is the lowest 
elevation zone where snow events are rare and rain dominates; The Rain-on-Snow zone is a mid-elevation band where transient 
snow falls, often followed by rapid snowmelt during a rain-on-snow event.  This zone poses the greatest potential for impacts from 
changes in water quantity, especially during peak flow events; and the Snow-Dominated zone where precipitation falls mostly in 
the form of snow. Zones were defined based on climate, elevation, latitude and vegetation type.



68								                         Washington Department of Natural Resources

analysis of  the effectiveness of  this procedure in 
minimizing potential adverse effects to peak flows 
from forest management, refer to DNR 1996  
(p. 4-170 to 4-174). 

What Are the Indicators for Assessing 
Water Quantity?
For DNR, three factors influence water quantity: 
precipitation type and amount, forest cover, and soil 
type.

PRECIPITATION TYPE, RATE, AND QUANTITY 
The precipitation type, rate, and quantity can play 
a significant role in how water flows through a 
watershed. Whether precipitation falls as rain or 
snow can affect the seasonal timing and amount of  
hydrologic flow (refer to Climate, p. 55). The rate 
at which precipitation falls affects infiltration rates 
and thus subsurface and overland flow. Highest 
peak flows occur during rain-on-snow events when 
warmer conditions and large amounts of  rainfall 
cause snow packs to melt quickly (Text Box 3-4). 
DNR has mapped the areas prone to major rain-
on-snow events (based on elevation) and focuses on 
these areas in its hydrologic maturity procedure.

FOREST COVER
The amount of  forest cover impacts water quantity 
by affecting the extent of  the precipitation that is 
intercepted, the level of  evapotranspiration, and the 
amount of  snow that can accumulate. Consequently, 
forest cover affects sub-surface and overland flow 
(Moore and Wondzell 2005). The amount of  forest 
cover depends on the type of  disturbance or harvest 
(refer to Forest Conditions, p. 45) and the amount 
of  regrowth since the disturbance occurred. Forest 
cover is another major component of  DNR’s 
hydrologic maturity procedure.

SOIL TYPE 
Soil type is a factor determining compaction potential 
and thus infiltration rates (refer to Soils, p. 76). When 
soil is compacted and/or infiltration is reduced, the 
amount of  overland flow can increase and flooding is 
more likely (Moore and Wondzell 2005). Table 3-12 
illustrates the differences in erosion, compaction, and 
displacement potentials by WAU in the planning unit. 
Related to the precipitation intensities that occur, 
most forest soils within the planning unit have high 
infiltration capacities (refer to Soils, p. 76). 

What Are the Current Conditions of 
Water Quantity?
Current conditions are assessed based on the 
hydrologic maturity of  forested state trust lands. Of  
the 185 DNR-identified sub-basins in the planning 
unit, 26 meet DNR’s requirements for management 
under its hydrologic maturity procedure6. All of  
the 26 sub-basins currently exceed the hydrologic 
maturity thresholds set forth in the procedure (refer 
to Appendix F).

Hydrologic maturity can also be used as a general 
indicator of  water quantity conditions at the larger 
watershed (WAU) scale. Currently, in watersheds 
where DNR manages at least 20 percent of  the area 
(Table 3-1), hydrologic maturity in all hydrologic 
zones (rain-dominated, rain-on-snow, and snow-
dominated) ranges from 60 to 94 percent (refer 
to Table 3-10). Table 3-10 shows that, in most 
cases, less than one-third of  each watershed is 
in a hydrologically immature state, and that few 
watersheds are at elevated risk of  increased peak 
flows during storm or snowmelt events. 

LAKE TAHUYA
Lake Tahuya is privately owned and managed by 
the Tahuyeh Lake Community Club. The lake 
was created in 1961 when an earthen dam was 
constructed, inundating a bog which had been 
mined for peat. Since that time, homes have been 
constructed around the lake, and many additional 
homes built below the dam. 

Watershed Percent of Area
North Fork Mineral 89%

Tiger 88%

Catt 84%

Howard Hansen 78%

West Kitsap 71%

East Ck. 69%

Lynch Cove 69%

North Fork Green 68%

Mashel 68%

Great Bend 68%

Reese Ck. 60%

Kennedy Ck. 60%

Mineral Ck. 56%

Table 3-10. Percent of Watershed in a Hydrologi-
cally Mature Condition (RD>25)
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DNR actively manages forestlands in the sub-
basins draining into the lake. In 2002, because of  
Community Club concerns over lakeshore flooding 
and possible increases in water quantity from 
harvesting activities, DNR conducted a hydrologic 
analysis for three sub-basins within the Lake Tahuya 
watershed (Appendix F). The analysis was meant to 
provide an estimate of  the potential change to Lake 
Tahuya water levels from the influences of  forest 
roads and harvesting. The overall analysis concluded 
that timber harvesting activities in the sub-basins 
draining into the lake probably contributed 
minimally to peak flow and local flooding.

In the 2002 analysis, potential changes in the lake 
water levels were based on estimates of  changes 
in runoff  volume with and without harvesting 
activities in the three sub-basins. The 2002 analysis 
considered a total forested area of  3,340 acres, 
of  which 17 percent had been recently cut (or 
was assumed to have been cut), three percent 
was roads, and the rest (about 80 percent) was 
considered hydrologically mature forest. As part 
of  the analysis, a memo from DNR hydrologist 
Jim Ryan (August 18th, 2002) suggested retaining 
specific percentages of  hydrologically-mature 
forests within each sub-basin: Gold Creek (retain at 
least 41 percent), Tin Mine Creek (42 percent), and 
Grada Creek (40 percent). DNR has followed these 
recommendations since 2002.

As part of  this environmental analysis, DNR hired 
a contractor to provide an independent peer review 
of  the 2002 analysis for the three sub-basins in the 
Lake Tahuya watershed. The purpose of  the review 
was to either validate the 2002 findings, or suggest 
changes to the management of  the Lake Tahuya 
sub-basins if  warranted. The review concluded that 
the 2002 analysis was based on a solid, tested, and 
generally accepted approach and that the original 
findings are still valid (Appendix F). 

How Does DNR Management Affect 
Water Quantity?
TIMBER HARVESTING 
Reductions in forest cover have been found to 
generally increase annual water yield (Grant and 
others 2008; Moore and Wondzell 2005; Chamberlin 
and others 1991). When trees are removed through 
harvesting, interception by vegetation decreases and 

the water content of  the soil increases, which may, 
in turn, increase overland, subsurface, and channel 
flow. 

Logging could result in increased stream flows 
during the summer (Zeimer and Lisle 1998). 
Summer water yields have been reported to increase 
after harvest for a few years before returning to pre-
harvest levels (Everest and others 2004). However, 
because increases in low summer flows from small 
watersheds are generally widely scattered in time and 
space within larger basins, these effects are difficult 
to detect and are considered insignificant in larger 
downstream rivers.

In snow-dominated watersheds, variable retention 
harvesting reduces interception by trees, leading to 
larger and longer-lasting snow accumulations than 
in areas not harvested, potentially increasing water 
yield, especially during snow melt events (Grant and 
others 2008). Studies have shown that harvesting 
in rain-dominated catchments reduces extreme 
summer low flow rates for a few years following 
harvest (Moore and Wondzell 2005). 

In examining the relationship between peak 
discharge, forest removal, and regrowth in 10 
small watersheds in western Oregon, Jones (2000) 
concluded that with 50 years of  recorded data, 
extreme floods and rain-on-snow events are so rare 
that it is difficult to assess the statistical significance 
of  changes in peak flow. Zeimer and Lisle (1998) 
concluded that it is difficult to determine the size of  
large floods because forest practices usually affect 
only a small portion of  large basins.

Soil compaction, which may result from the 
operation of  heavy machinery on some soil types, 
can reduce soil permeability, decreasing infiltration 
and thereby additionally contributing to overland 
flow. When combined, these changes in flows may 
affect the timing and magnitude of  peak flows, 
particularly as measured in smaller basins (Grant 
and others 2008; DNR 2004, p. 4-117). 

ROADS
Road construction and use greatly compact soils, 
resulting in less infiltration and therefore in greater 
volumes of  overland flow that can reach streams 
more rapidly and increase channel flow (refer to 
Roads, p. 82). Clearing vegetation to construct 
roads decreases vegetative interception and 
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evapotranspiration (Moore and Wondzell 2005). 
Although few studies have separated the impacts of  
roads from timber harvest on peak flows (Grant and 
others 2008; Moore and Wondzell 2005), it is known 
that roads can affect the routing of  both overland 
and subsurface flows. New road networks can 
alter how water is routed (and speed up delivery to 
stream channels) when the paths of  either overland 
or subsurface flows cross roads.  

RECREATION
Similar to road impacts, recreational uses can 
compact soil, decreasing water infiltration, 
increasing runoff, altering the routing of  overland 
and subsurface flows, and leading to increased 
erosion (Webb 1983; Recreation, p. 85; Soils, p. 76).

Water Quality
Water’s physical, chemical, and biological 
characteristics are measured against a set of  
established standards to define its quality. Water 
quality is determined by variables that include 
temperature, sediment and organic input, 
contaminants, and quantity (DNR 2004; Sharpe and 
DeWalle 1980). These variables are influenced by 
factors such as local weather and climate, stream 
morphology, sources of  erosion, levels of  chemical 
use, contaminant migration pathways, and the 
amounts and types of  vegetation near streams. 

Why Is Water Quality Important?
The most important function of  water is to sustain 
life, which requires supplies of  healthy surface and 
groundwater. The effects of  water quality in this 
planning unit are mainly related to fish (p. 73) and 
other wildlife species (p. 98), which are further 
discussed in their respective sections. Water quality 
is influenced by the functions of  riparian (p. 58) and 
wetland areas (p. 62), soils (p. 76), roads  
(p. 82), forest management activities, climate  
(p. 55), and water quantity (p. 65). DNR 
management activities—including timber harvest, 
road construction and use, and recreation—can 
affect water quality substantially because they can 
alter both sediment input and temperature.

What Are the Criteria for Water 
Quality?
DNR’s overarching management guidance has 
been to follow state and federal laws to protect 
water quality (DNR 1997, 2006a, 2006b; Bigley and 
Deisenhofer 2006). The federal Clean Water Act 
delegates authority to the state to protect aquatic 
habitat and domestic water supplies, among other 
beneficial uses. 

The Department of  Ecology (Ecology) rules 
define the acceptable water quality standards for 
temperature, sediment, and turbidity levels (DNR 
2001, Table 3.6-1, p. 3-105). The Washington State 
Forest Practices Rules provide further guidance by 
setting limits on pollutants in lakes, rivers, and 
marine waters. These levels were updated by 
Washington Administrative Code (WAC) Chapter 173, 
Section 201c in December 2006, although there 
is not a comparative table in the Forest Practices 
publication. These levels were used in DNR’s 2004 
Sustainable Harvest Final EIS, “to provide for the 
protection of  designated uses, including public 
water supply; wildlife habitat; and salmon spawning, 
rearing and migration” (p. 4-127).

Specific objectives aimed at protecting water quality 
were identified in the 2001 Forest Practices Final EIS 
section on water quality (p. 3-101). DNR uses these 
objectives to design its best management practices 
which are employed in day-to-day operations. These 
objectives are designed to protect areas where 
groundwater enters into surface water supplies; 
prevent harvest in riparian management zones 
within 25 feet of  a stream; reduce overall sediment 
delivery to streams by limiting erosion from timber 
harvest, roads, and recreation; and follow Forest 
Practices Rules regarding herbicide and fertilization 
treatments to protect key riparian plant species and 
reduce impacts to fish and aquatic wildlife.

What Are the Indicators for Assessing 
Water Quality?
DNR focuses on four measures to indicate the 
level of  water quality: temperature, sediment, 
turbidity, and herbicide/fertilizer levels. Changes in 
these variables have an impact on the water quality 
necessary for beneficial uses, most importantly, 
aquatic habitat.  
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WATER TEMPERATURE
Water temperature is affected by solar radiation, 
groundwater inflow and outflow, and other factors. 
Extreme fluctuations in water temperature in 
streams, rivers, and lakes can greatly affect the 
suitability of  habitat for fish and aquatic life. 
Streamside vegetation shades the water, thereby 
limiting extreme daily fluctuations in temperature. 
Groundwater inflow and outflow in streams can 
also reduce these fluctuations (Water Quantity,  
p. 65). The lower temperatures that result can 
maintain higher dissolved oxygen levels (DNR 
1996), which benefits fish because reduced levels 
of  dissolved oxygen in streams can adversely 
affect fish health and reproductive conditions 
(p. 73) as well as other aquatic life. Groundwater 
also provides stream recharge in low flow areas 
(Boyd and Sturdevant 1997) and may be tied to 
lower stream temperatures. Factors such as air 
temperature, channel width and depth, and flow 
volume can also affect stream temperature, but are 
particular to location and season and therefore are 
not discussed here.

SEDIMENT
Water quality is affected when sediment is 
transported and deposited in a water body. The 
amount and size of  sediment is directly related to 
the amount of  water flow moving it downstream. 
Sediment deposited into streams, lakes, rivers, and 
wetlands can affect fish habitat. Sediment entering 
into spawning gravels inhibits the circulation of  
oxygenated water which can suffocate and kill eggs. 
For more details on the effects of  sediment on fish 
habitat, refer to DNR 2001 (p. 3-7) and fish (p. 73). 
Another negative impact of  sediment on water can 
occur when suspended soil particles carry nutrients 
such as nitrogen into streams, causing changes 
in stream chemistry (Brooks and others 1997). 
Increased nutrient levels can lead to algal blooms 
or aquatic plant growth, which then reduces oxygen 
levels in water.

TURBIDITY
Turbidity is the measure of  cloudiness in the water 
column attributable to suspended sediment, such 
as silt and organic or inorganic material. Low 
turbidity means that the water is clear. As with air 
quality, solids that are invisible to the naked eye 
may be harmful (Brooks and others 1997; EPA 

of  South Australia 2008; Princeton University 
2006). Increased turbidity in streams may lead to 
decreased levels of  primary productivity and overall 
food production, which in turn may decrease the 
numbers of  juvenile salmonids and other aquatic 
wildlife (Haggerty 2004).

HERBICIDE AND FERTILIZER LEVELS
Generally, herbicides and fertilizers are used to 
enhance a site by removing competing vegetation 
or improving soil conditions. When herbicides and 
fertilizers are applied, the weather, timing, type, 
and method of  application can influence their 
concentration in water and their ability to reach 
streams or groundwater. Changes in the chemical 
composition of  streams and groundwater resources 
can indicate run-off  and infiltration of  fertilizers 
and herbicides. 

What Are the Current Conditions for 
Water Quality?
The quality of  surface water from forested state 
trust lands is generally good, making forests a 
valuable source of  drinking water that typically 
requires little treatment (DNR 1996). In addition, 
as a result of  the natural soil filters, groundwater 
recharged from forestlands is generally of  good 
quality (DNR 2004). 

Ecology’s most recent water quality assessment 
for Washington State, which was approved by the 
U.S. Environmental Protection Agency (EPA) in 
November 2005 (Ecology 2008b), is the most 
comprehensive assessment available for compliance 
with water quality standards in the state. When 
stream locations identified by Ecology (2008b) 
were compared with DNR-ownership maps, DNR 
found only a few temperature-impaired stream 
segments were near DNR-managed lands within the 
planning unit. Those stream segments include Gale 
Creek and up to three segments of  the Green River 
downstream from Howard Hanson Dam.

No watersheds within the planning unit contained 
greater than five percent of  stream segments listed 
as impaired according to a set of  standards for 
dissolved oxygen or fine sediment (Ecology 2008b). 

None of  the herbicides or fertilizers that DNR uses 
were mentioned in the Ecology report, although 
some of  the rivers, lakes, and estuaries that receive 
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runoff  from watersheds in the planning unit were 
listed for ammonia and/or total phosphorus, 
elements contained by many fertilizers. 

The 2004 Sustainable Harvest Final EIS cited several 
monitoring studies that showed significant short-
term increases of  ammonia, phosphorus, and other 
nutrients, typically following applications of  urea 
and phosphorus-rich fertilizer. However, none of  
these studies measured concentrations exceeding 
water quality standards or detected accelerated 
eutrophication (algae growth). Streamside vegetation 
can temporarily degrade surface water quality (DNR 
1996) as leaves and litter fall from deciduous trees, 
especially in the autumn; while these nutrient fluxes 
could increase ammonia and phosphorous levels, 
they were not measured in the study.

These findings indicate that DNR forest 
management activities are not currently diminishing 
water quality within the planning unit.

How Does DNR Management Affect 
Water Quality?
By protecting or limiting areas near streams 
from disturbance such as timber harvest, road 
construction, and recreation DNR strives to 
maintain good water quality and to preserve the 
beneficial uses of  water. 

LAND MANAGEMENT PRACTICES  
(including roads)
The soils (p. 76), roads (p. 82), and riparian  
(p. 58) sections describe the processes which cause 
sediment to move into streams and how wetlands  
(p. 62) and riparian areas buffer and intercept 
displaced sediment. In order to reduce sediment 
delivery to streams, DNR uses best management 
practices for timber harvesting and road building 
outlined and documented in its policies and 
procedures. DNR limits direct sediment delivery by 
protecting streambanks and their vegetation from 
disturbance which generally keeps sediment intact, 
at least at the source. 

DNR rarely uses fertilization treatments on its lands, 
in this planning unit. In the last 40 to 60 years, the 
planning unit managers reported using a biosolid 
ground application fertilizer on less than 100 acres. 

RECREATION
Many recreational uses that occur near or through 
streams, rivers, and lakes can cause numerous water 
quality issues (p. 70). These issues can include 
vegetation loss along streambanks and sediment 
disruptions in the streambed. Both motorized 
and non-motorized recreational uses can increase 
erosion and turbidity (Heede 1983) resulting in 
impacts to fish (p. 73) and other aquatic species 
(Kolbe and Luedke 1993). However, ORVs can also 
release gasoline and motor oil into water and soil 
as a result of  inefficient combustion and emission 
(Havlick 2002).

NITROGEN LEVELS IN THE HOOD CANAL
During the Draft EIS comment period, a 
commenter expressed concern that nitrogen-fixing 
plants near the Hood Canal might be leaching 
nutrients from forested state trust lands into 
nearby streams and water bodies. Scotch broom 
(Cytisus scoparius), an invasive nitrogen-fixing 
shrub, may colonize newly-harvested areas in the 
Puget lowlands, where it competes strongly with 
young conifer trees. In such cases, DNR actively 
manages scotch broom to reduce its presence and 
ensure full stocking of  conifers. This action would 
subsequently reduce the amount of  nitrogen-
fixation that would occur.

Soils on lands surrounding the Hood Canal are 
generally young, glacially-derived, and nutrient-poor 
(NRCS 1980). Studies have shown that when excess 
nitrogen is available in these soils, much of  it is 
rapidly taken up by plants (Fenn and others 1998). 
These nutrients may be held in the soil profile 
or vegetation for many months or years (Fenn 
and others 1998; Flint and others 2008). A basic 
conclusion in the Flint and others (2008) study was 
that the Hood Canal region is nutrient-limited but 
because of  the soil composition (refer to Soil, p. 76) 
even the nutrient poor plants are not always able 
to hold nitrogen or other nutrients on-site during 
major storm events. Therefore, neither DNR nor 
private management tactics could protect nitrogen 
leaching from soils or plants into the water system 
in extreme events, but there is no evidence to show 
that DNR’s current management practices are 
adding to the nitrogen problem. 

The Riparian Forest Restoration Strategy (Bigley and 
Deisenhofer 2006) recommends forested buffers 
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near streams. The strategy is intended to increase 
biologically diverse mature forests along streams 
and other water bodies. The vegetation in these 
areas would further intercept nutrients and filter 
sub-surface flow. Under this strategy, buffers are 
maintained on DNR-managed lands near the Hood 
Canal.

Additionally, within the past decade no nitrogen-
based fertilizers have been applied to forested state 
trust lands with waters that drain into Hood Canal.

Fish

Why Are Fish and Aquatic Species 
Important?
Fish are important natural resources that have 
ecological, economic, and cultural significance in 
Washington. Pacific salmon and trout are good 
indicators of  a properly functioning aquatic 
ecosystem because they require cool, clean water, 
complex channel structures and substrates, and 
low levels of  fine sediment (Bjorn and Reiser 
1991). Pacific salmon are an important means 
of  transporting marine nutrients from salt water 
across ecosystem boundaries to freshwater and 
terrestrial ecosystems (Cederholm and others 1999). 
In addition, Pacific salmon and trout populations 
are sources of  viable commercial industries and 
recreation.

Which Fish Species Are of Concern?
Fish species of  concern include Chinook 
(Oncorhynchus tshawytscha), sockeye (including resident 
kokanee [Oncorhynchus nerka]), coho (Oncorhynchus 
kisutch), and chum salmon (Oncorhynchus mykiss) 
and steelhead (includes resident rainbow trout 
[Oncorhynchus mykiss]), coastal cutthroat (Oncorhynchus 
clarki), bull trout (Salvelinus confluentus), and Dolly 
Varden trout (Salvelinus malma). These species 
all have commercial or sport fishing value and 
are known to be sensitive to forest management 
activities. In addition, the Puget Sound populations 
of  Chinook salmon, steelhead and bull trout, and 
the Hood Canal population of  summer chum 
salmon, are also listed as threatened under the 
federal Endangered Species Act (ESA). Coho salmon 
are classified as a federal species of  concern and a 
petition to list the Lake Sammamish population of  

kokanee is currently under review by the U.S. Fish 
and Wildlife Service. Refer to the 2001 Final EIS for 
Forest Practices Rules (p. 3-120 to 3-129) for additional 
details regarding these species. The 2004 Sustainable 
Harvest Final EIS (p. 4-140 to 4-146) contains a 
thorough discussion of  the life histories and habitat 
requirements of  Pacific salmon and trout. 

What Are DNR’s Criteria for Fish?
The criteria to assess fish are to maintain and restore 
salmonid freshwater habitat on DNR-managed 
lands, contribute to the conservation of  other 
aquatic and riparian obligate species (DNR 1997, p. 
IV.55), and minimize the adverse effects of  upland 
management activities on riparian areas (Bigley and 
Deisenhofer 2006, p. 2).

What Are the Indicators for Assessing 
Conditions for Fish?
LARGE WOODY DEBRIS 
Large woody debris in streams provides food, 
cover, and building material for many aquatic life 
forms; is important for stream nutrient cycling; and 
offers cover for juvenile and adult fish (Marcus and 
others 1990). Pools formed by large woody debris 
accumulations are important habitat for rearing 
salmon and trout (Heifetz and others 1986; Murphy 
and others 1986). This debris also slows water 
velocity in flood events lessening the likelihood 
of  fish spawning habitat being scoured, which 
would be detrimental to eggs and any fish that may 
be incubating in the stream gravel (DNR 2004, 
p. 4-144). Refer to the riparian section (p. 58) for 
additional discussion of  large woody debris.

LEAF AND NEEDLE LITTER
The abundance and diversity of  
macroinvertebrates— important food sources to 
salmonids—depend on algae and detrital food 
sources from leaf  and needle litter, branches, and 
stems originating from the riparian zone. Refer to 
the riparian section (p. 58) for more discussion of  
leaf  and needle litter.

WATER TEMPERATURE
Water temperature influences virtually every biotic 
component of  stream ecosystems, and cool water 
is particularly critical to salmon and trout. Water 
temperature influences salmonids’ resistance to 

Fish
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some diseases, how fast eggs mature, when fry 
emerge from the nursery gravels of  the streambed, 
when adult salmon return to their natal streams, and 
whether they survive the warm summer months 
to spawn in the fall or winter (Thompson 2005). 
Refer to the riparian section (p. 58) for additional 
information on water temperature, stream shading, 
and microclimates.

COARSE SEDIMENT
Particles of  sand, gravel, and soil carried by the 
flow of  a stream on or immediately above the 
streambed are necessary as a substrate for cover and 
spawning habitat for fish. Increased coarse sediment 
particles can fill pools and change water flow in the 
stream channel (Spence and others 1996). Refer to 
water quality (p. 70) and soils (p. 76) for additional 
discussions of  coarse sediment. 

FINE SEDIMENT
High levels of  fine sediment in streams can affect 
water quality and aquatic habitat adversely, both 
directly and indirectly. Most directly, spaces between 
individual pebbles and gravels in a streambed 
are important; they must be maintained so that 
eggs can incubate and embryos survive, juvenile 
salmonids can overwinter, and macroinvertebrates 
can be produced (Bjorn and Reiser 1991; Furmis 
and others 1991; Henjum and others 1994; Rhodes 
and others 1994). Sediments also can contribute 
nutrients, oxygen-demanding organic materials, 
harmful minerals, or chemicals that impair water 
quality and fish survival.

Indirectly, sediments can fill the spaces between the 
gravel and prevent the flow of  oxygen-rich water to 
fish eggs (Bjornn and Reiser 1991) or can smother 
fish eggs and developing young found within the 
gravel (Spence and others 1996; Washington Forest 
Practices Board 2001). Fine sediment can interfere 
with feeding behavior and damage gills in fish 
(Hicks and others 1991), decrease salmon prey, 
smother insects, and decrease available habitat of  
macroinvertebrates (Spence and others 1996). Refer 
to water quality (p. 70) for additional information on 
fine sediment.

WATER QUANTITY
Peak flow events (such as storms and rain-on-
snow occurrences) can destabilize and transport 
large woody debris, fill pools with sediment, and 
destroy salmon spawning habitat. It can scour 
complex channels (streams with riffles, pools, 
and large woody debris) into uniform channels 
(streams devoid of  riffles, pools, and large woody 
debris) with limited habitat value (DNR 1997, p. 
III.64). On the other hand, low water quantity can 
limit the number of  stream reaches that can be 
used for habitat and spawning and delay salmon 
from moving from the marine environment into 
freshwater. Refer to water quantity (p. 65) for 
additional information.

WATER POLLUTION 
Water quality contaminants (for example, petroleum 
products, chemicals, fertilizers, herbicides, sewage, 
and heavy metals) can impair the growth of  fish 
severely or kill them (DNR 2004, p. 4-146). 

FISH PASSAGE
The most common barrier to fish passage that 
is influenced by forest management activities are 
stream crossings by forest roads. Culverts at stream 
crossings can prevent fish passage because of  
factors such as excessive outfall drops and high 
water velocities as well as shallow water depths 
which can cause riffles between pools to become 
completely dry or block fish passage (DNR 2004,  
p. 4-146).

What Is the Distribution of Salmonids 
in the Planning Unit?
Table 3-11 lists the overall distribution of  salmon 
within the planning unit, while Maps F-1, F-2, 
and F-3 in Appendix F illustrate their distribution. 
Forested state trust lands contain approximately 
four percent of  the anadromous salmonid 
distribution within the planning unit, while 
accounting for five percent of  the resident salmonid 
distribution. Few streams on DNR-managed land 
within the planning unit are known to support bull 
trout, although bull trout may be more abundantly 
distributed within or adjacent to larger rivers. In the 
Hood Canal, summer chum populations spawn in 
rivers that are on or flow out of  state trust lands.
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What Are the Current Conditions for 
Fish?
Forested state trust lands are estimated to include 
approximately 1,183 miles of  streams (Table 3-8); an 
estimated 363 miles (30 percent) are fish-bearing. The 
fish habitat within streams and rivers is surrounded 
by Riparian Management Zones to help maintain it 
and to restore salmonid habitat. 

Refer to the riparian section (p. 58), 1997 Habitat 
Conservation Plan (p. III.53 to III.73), and the 
2006 Riparian Forest Restoration Strategy (Bigley and 
Deisenhofer 2006) for information about current 
riparian management. Numerous factors affect the 
numbers of  fish population and many of  them 
are not related to forest management activities on 
forested state trust lands. Consequently, the analysis 
in Chapter 4 focuses on fish habitat rather than fish 
population numbers.

How Can DNR Management Affect 
Fish?
TIMBER HARVESTING
Timber harvesting may affect fish by changing 
the forest structure in the uplands and potentially 
changing the overland flow of  water to riparian 
areas (Water Quantity, p. 65). Forest management 
activities may influence components of  the aquatic 
ecosystem such as coarse and fine sediments, 
hydrology, large woody debris, leaf/needle litter 
recruitment, floodplains and off-channel features, 
water temperature, forest chemicals (contaminants), 
and fish passage.

ROADS
Roads have the potential to produce sediment 
(Megahan and Kidd 1972; Cederholm and Reid 1987; 
Chamberline and others 1991; Nolan and Janda 1995; 
Bolda and Meyers 1997) through mass wasting or 
surface erosion (Beschta 1978; Bilby and others 1989; 

Salmonids: Fish belonging 
to a group that includes 
salmon, trout, and char. This 
group belongs to the family 
Salmonidae. 

Anadromous salmonid: 
Salmon that divide their lives 
between freshwater and 
the ocean. They are born in 
freshwater, mature at sea, 
and return to their natal 
streams to spawn a new 
generation.

Resident salmonid: Salmon 
that spend their entire lives in 
freshwater.

Type of Salmonid
Stream Miles

DNR Forested Trust Land Federal Land Private Land1 Other2 Total

Anadromous 73 (4%) 99 (5%) 1,438 (74%) 323 (17%) 1,933

Resident 124 (5%) 89 (4%) 1,659 (74%) 383 (17%) 2,254

Bull Trout 2 (>1%) 139 (25%) 268 (49%) 144 (26%) 552

Table 3-11. Salmonid Distribution by Landowner (DNR 2008)

1 The “Private Land” category includes industrial forestland, agricultural, residential, industrial, and commercial lands. 
2 The “Other” category includes DNR-managed non-forested land, municipal lands, and water bodies (larger streams, rivers, lakes, and marine shorelines).

Coe 2004; Burroghs and 
others 1976; Clayton 1983; 
Furniss and others 1991; 
Larsen and Parks 1997; 
Larsen and Simon 1993). 
Surface erosion is particularly 
affected by road traffic. 
Sedimentation can increase 
with traffic use as well as 
road surfacing and drainage 
(DNR 2001, p. F1-17). Roads 
can impact fish by creating 
barriers to migration; opening 
the forest canopy, thus raising 
water temperatures; and altering stream flows. For 
additional information refer to roads (p. 82). 

RECREATION
Recreation activities can affect fish by degrading 
habitat. Trails can contribute to sediment delivery to 
streams. Trails used by motorized vehicles have the 
highest potential for erosion and rutting that could 
deliver sediment to streams. Additionally, unauthorized 
user-built trails often cross riparian areas and streams, 
impacting fish habitat directly by destroying the physical 
environment or indirectly by destroying large woody 
debris, introducing pollution and sedimentation, and 
causing bank instability.

Recreational fishing in streams, rivers, and ponds affects 
fish by removal. However, populations are monitored 
carefully by WDFW so that recreational fishing does 
not deplete fish populations. Some lakes and ponds 
on forested state trust lands are stocked with trout for 
recreational fishing. Species released into lakes and 
ponds located on forested state trust lands include 
native species such as rainbow trout (Oncorhynchus 
mykiss), triploid rainbow trout, and cutthroat trout 
(Oncorhynchus clarki) (WDFW 2007). In some ponds 
and lakes where fish were historically introduced, 
populations have been maintained without stocking.
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Soils
DNR (1996) defines soil as “the material at the 
earth’s surface which is capable of  supporting 
plants. It is the ecosystem element located at the 
interface of  the climatic, geologic, hydrologic, and 
biologic ecosystem elements. It is a dynamic, natural, 
three-dimensional body composed of  weathered 
mineral and organic material that provides plants 
with air, water, root anchorage, and nutrients.” 

Soil is composed primarily of  sand, silt, and clay 
particles which have been physically or chemically 
weathered from a parent material and are intermixed 
with decomposing bits of  plant and animal 
materials. Biological and climatological factors 
control the rate of  physical and chemical weathering 
and the differentiation of  soil into distinct horizons. 
Most often, soils contain three horizons, known 
as A, B, and C. The A horizon is closest to the 
surface, includes a large amount of  organic material, 
and is most affected by biological factors such as 
invading plants and animals and climatological 
factors such as temperature and precipitation. The 
B horizon lies below the A horizon and has less 
organic material, has more and larger fragments of  
parent material, and frequently shows redeposited 
material derived from the A horizon. The lowest 
layer, the C horizon, is compact and largely consists 
of  decomposed or shattered regolith or parent 
material. Each horizon has unique qualities which 
determine a soil’s productivity, erosion potential, 
and susceptibility to compaction and displacement. 
These qualities affect several associated 
environmental attributes including fish habitat  
(p. 73), water quality (p. 70), water quantity (p. 65), 
and tree growth rates.

Why Are Soils Important?
Healthy soil is a critical component of  the forest 
ecosystem. Not only does it serve as the basis for 
plant growth, it also provides habitat for numerous 
insects and fungi, creating an environment where 
organic matter can be recycled back into the 
ecosystem. Like water, human survival depends on 
the conservation of  both the body and fertility of  
soil (Kohnke and Franzmeier 1995). As a medium 
for plant growth, soil serves four functions: 1) it 
anchors roots; 2) it supplies water; 3) it provides air 
to plant roots; and 4) it furnishes minerals for plant 

nutrition (Kohnke and Franzmeier 1995). DNR 
forest management relies on the productivity and 
conservation of  soil to support a healthy ecosystem 
and yield desired forest products (DNR 1997).

What Are the Criteria for Managing 
Soil Productivity?
DNR’s criteria for maintaining soil productivity 
are based on best management practices described 
in the Forest Practices Rules (DNR 2001) and the 
Habitat Conservation Plan (DNR 1997). These 
soil-related best management practices focus 
on limiting soil compaction, displacement, and 
disturbance; minimizing surface erosion; and 
preventing management-related mass wasting such 
as landslides. The Forest Practices Rules require that 
landowners comply with the State Environmental 
Policy Act environmental checklist when proposing 
forest practices activities on potentially unstable 
slopes7 and that forestland be left in a condition 
conducive to future timber production8. Other 
rules related to soil disturbance include equipment 
limitation zones9; ground-based logging (including 
rutting and displacement of  soils)10; and minimizing 
the road network11.

What Are the Indicators for Assessing 
Soil Conditions?
One internationally-recognized indicator of  soil 
conditions and potential management impacts is the 
percent of  a watershed harvested (Montréal Process 
1995). Another indicator is the number of  times 
a forest is harvested over a projected time frame. 
From these indicators, DNR can infer impacts to 
soil properties, including productivity, compaction, 
erosion, and displacement (Table 3-12).

PRODUCTIVITY 
Soil productivity refers to the soil’s fertility or 
capacity to grow vegetation. Soil is the medium 
that supports most plants on upland environments 
(DNR 1997). Therefore, land use activities that 
affect soil productivity will also affect plants. 
In general, more productive soils support more 
biomass (tree volume, wood production), providing 
important social benefits, and earning more revenue 
for the trust beneficiaries. 

So
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COMPACTION 
Compaction is the loss of  pore space within a soil 
profile because an external force pushes particles 
closer together. It typically occurs when heavy 
machinery or objects such as logs fall on or move 
over the soil but it can also result from mineral soil 
being exposed to the impact of  raindrops. Small 
roots are in the uppermost 2 to 4 inches (5 to 10 
centimeters) of  soil horizons, which is the area 
most affected by harvesting, road construction, 
and recreation trail use. These small roots gather 
nutrients and water for trees and can be damaged or 
broken when soil is compacted around them.

Soil pore space is essential to the survival of  plants. 
Water and air enter the soil through pore spaces 
where tree roots grow, using the water, carbon 
dioxide (CO2), and nutrients available to sustain 
plant growth. Because compaction reduces pore 
space, the availability of  water, carbon dioxide, 
and nutrients is also reduced, impeding growth 
(Heilman 1981) by limiting the root’s ability to 
absorb water and nutrients. Moderate or high 
levels of  soil compaction can reduce infiltration 
rates and overland flow can result, which may lead 
to surface erosion on sloping terrain. In some 
soils, compaction can ultimately decrease overall 
productivity (Cafferata 1992; Grier and others 1989) 
although several recent studies have shown high 
levels of  compaction as inconsequential for growth 
in newly planted stands (Ares and others 2007). 
On the other hand, compaction can be beneficial 
in some soils as it increases water holding capacity, 
unsaturated water flow, and root contact with soil 
(Ares and others 2007).

EROSION 
Erosion is the movement of  soil particles through 
particle detachment, transport, and deposition 
(Megahan 1991). Erosion can be caused by the 
effects of  wind, water, or other forces that detach 
particles or move the soil. Erosion potential refers 
to a soil’s resistance to detachment of  soil particles 
and their transport (Dyrness 1967). Forms of  
surface erosion include rainsplash, sheet, rill, gully, 
and dry ravel. Mass-wasting is the down-slope 
movement of  loose soil and rocks by the force 
of  gravity without the direct aid of  a transporting 
medium such as water, ice, or wind (Nelson 2003).

Erosion potential often depends on slope, soil 
texture, and vegetative cover (DNR 2001, p. 3-9). 
Although it is a natural process, erosion can be a 
management concern for two reasons. First, soil loss 
affects productivity and can reduce the capacity of  a 
particular site to grow trees. Second, the transported 
soil (or sediment) particles can have detrimental 
effects on downslope resources. Sediment 
transported through surface erosion can deposit 
in streams, lakes, and wetlands and adversely affect 
water quality and fish habitat adversely. Sediment 
transported through mass wasting processes such 
as landslides can have similar effects on aquatic 
resources, and can also pose a threat to publicly or 
privately-owned infrastructure (roads and bridges), 
private property, and public safety. The type and 
particle sizes within a given soil affect its erosion 
potential, which in turn determines the risks to 
water quality (p. 70) and fish (p. 73). 

DISPLACEMENT 
Displacement is the localized movement of  soil 
that results from an external force applied to the 
soil surface. The most common forest activities 
that result in soil displacement include log yarding 
that uses heavy ground-based equipment such 
as skidders, bulldozers, and excavators as well 
as recreation that involves off-road vehicles. 
Displacement potential is a measure of  the 
susceptibility of  a particular soil to rutting. Ruts can 
intercept shallow groundwater, concentrate surface 
flow, and potentially initiate rill and gully erosion.

What Are the General Soil Conditions?
Soil characteristics are variable throughout the 
planning unit because of  the diversity of  the 
soil forming factors. The type of  parent material 
(mineral or rock material from which a soil 
develops) largely determines the susceptibility of  the 
resulting soil to land use impacts. For areas closer 
to the Puget Sound, such as the Green Mountain 
and Tahuya state forests, glacial deposits are the 
dominant parent materials. Glacially-derived soils 
tend to be shallow since they are relatively young, 
having developed over just the past 10,000 years or 
so. In contrast, volcanic rocks are more prevalent 
within areas like the Elbe Hills and Tahoma state 
forests near Mount Rainier (DNR 2008, GIS Soils 
Layer). These soils tend to be deeper, owing to a 
longer period of  development. Graham and others 
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Sand or highly 
permeable layer

Clay or low
permeablity
layer

Rotational or wedge
shaped slide plane

Potential ponded water

Sand or highly 
permeable layerClay or low permeability 
layer

Text Box 3-5. Landslides 101 

The topography, geology, and climate of the South Puget planning unit predispose the area to mass wasting or the 
downward movement of soil caused by gravity (refer to Figure 3-6). Steep terrain, glacial and volcanic parent materials, 
and abundant rainfall combine to make the area prone to landslides.

Generally, landslides can be divided into two categories:  deep-seated and shallow-rapid. This section will describe 
each type, discuss the differences and similarities between the two, and explain the factors that contribute to their 
occurrence. 

Deep-seated landslides are mass soil movements where the slip plane (or rupture surface) is far below the ground 
surface (refer to Figure 3-5). Oftentimes, landslides with slip planes below the rooting depth of trees (6 to 10 feet [2 to 
3 meters]) are considered deep-seated. The most common types of deep-seated landslides in the South Puget planning 
unit are earth slumps and earthflows. These landslides are characterized by slow, chronic movement (on the order of 
inches to feet per year) that is commonly triggered by seasonal or inter-annual fluctuations in precipitation, stream 
undercutting, and large magnitude earthquakes. Because the rate of slope movement is typically slow, the slide mass 
involved in a deep-seated landslide often appears intact and can be covered with large, mature trees. These landslides 
can range in size from less than an acre to many hundreds of acres. Deep-seated landslides are characterized by benchy, 
hummocky, and/or broken ground, extensive seepage, ponded water, ground cracks, and tipped, swept, or otherwise 
deformed trees (Figure 3-5). Due to the slow, progressive nature of deep-seated slope movement, the absolute age of 
these landslides is often unknown (Salo and Cundy 1987). 

Figure 3-5. Deep-Seated Landslide (modified 
from DMG 1997)
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Deep-seated landslides are common in areas 
dominated by glacial deposits such as the Tahuya State 
Forest, but they can also be found in the Tahoma State 
Forest and other areas underlain by volcanic rocks. 
Most often, deep-seated landslides 
form when mechanically 
weak materials overlie 
more competent 
(strong) materials. 
Where glacial sediments 
dominate, these 
landslides commonly 
form where coarse 
sands and gravels lie 
atop less permeable 
clays or silts. Water 
moving downward 
through the sand/gravel 
layers becomes perched 
atop the clay or silt 
layer, creating a zone 
of weakness that may 
serve as a slip plane or 
rupture surface. Similar 
conditions are present 
in some of the volcanic 
rocks in the planning unit. These 
rocks typically weather into deep, clay-rich 
soils that may slide atop the underlying bedrock, 
forming deep-seated earth slumps and flows.
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Text Box 3-5. Landslides 101 (continued)

Unlike their deep-seated cousins, the slip plane of a shallow-rapid landslide is relatively close to the ground surface. 
Landslides with slip planes less than six feet below the ground surface are considered shallow. Also, as the name 
implies, these landslides move relatively quickly, sometimes as much as feet per second. Shallow-rapid landslides 
include debris avalanches, debris slides, debris flows, and debris torrents. Debris flows and debris torrents occur when 
a landslide mass enters a high-gradient stream channel. Upon entering the stream, the landslide mass becomes more 
liquid and, as a result, more mobile. The mobile slurry of sediment, wood, and water flows down the stream, scouring 
the channel bed and banks, and increasing in volume as it progresses. Debris flows and torrents may travel a mile or 
more from their point of initiation and can have devastating effects on roads, bridges, and structures that lie within 
their travel path. Shallow-rapid landslides are commonly triggered by high-intensity rain or rain-on-snow events but like 
deep-seated landslides, they can also result from stream undercutting and large magnitude earthquakes.

Initiation zone

Transport zone

SOIL

BEDROCK

SOIL AND COLLUVIUM

Depositional zone

While the underlying geology strongly influences deep-seated landslide formation, the occurrence of shallow-rapid 
landslides is more directly related to topography and weather patterns. Shallow landslides generally originate in 
steep (>70 percent or 35 degrees), convergent topography that concentrates shallow groundwater. Landforms with 
these characteristics are commonly known as bedrock (or colluvial) hollows, convergent headwalls, and inner gorges. 
These landforms have a higher incidence of shallow landslides relative to more gently sloping terrain. When shallow 
landslides occur, they are typically triggered by intense rainstorms or storms known as rain-on-snow events (p. 65). 
During these storms, large amounts of water enter the soil, increasing soil pore water pressures. If the water pressure 
forcing the soil particles apart exceeds the particles’ capacity to stick together, the soils structure fails and a landslide 
results.

Figure 3-6. Debris flow (a form of shallow-rapid landslide; modified from DMG 1997)

Landslides are rock, earth, 
or debris flows on slopes due 
to gravity. They can occur 
on any terrain given the right 
conditions of soil, moisture, 
and the angle of slope. Integral 
to the natural process of 
the earth’s surface geology, 
landslides serve to redistribute 
soil and sediments in a process 
that can be in abrupt collapses 
or in slow gradual slides.
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(1990) indicate that volcanic soils with high ash 
contents are particularly sensitive to the effects of  
forest operations. In addition to parent material, 
climate and elevation also play key roles in soil 
development and help explain variations within the 
planning unit (refer to Climate, p. 55). 

Soil productivity is a measure of  a soil’s ability to 
produce biomass. Productivity at any particular 
site or location also depends on precipitation and 
temperature, and varies widely over the planning 
unit. For more information on site productivity, 
refer to forest conditions, p. 45. (DNR 1980 
unpublished metadata).

Using DNR’s soil layer data, distributions for soil 
characteristics were estimated for WAUs in which 
DNR manages 20 percent or more of  the land area. 
These estimates are summarized in Table 3-12.

How Are Soils Affected by DNR 
Management? 
Timber harvesting, road construction and 
maintenance, and some recreational uses can cause 
adverse impacts to soils. These impacts include 
soil compaction and displacement, surface erosion, 
mass wasting, and reductions in soil productivity. 
Sometimes, these processes build on one another 
and cause more severe impacts; for example, 
compacted or displaced soils can cause overland 
flow, leading to the development of  rills or gullies 
and ultimately a loss of  productivity. With the 
exception of  adding nutrients directly through 

Watersheds Erosion Compaction Displacement
Low Med High Unk Low Med High Unk Low Med High Unk

Catt	 26 64 9 1 81 14 4 1 3 1 95 1
East Creek 4 83 12 1 1 17 81 1 17 62 21 1
Great Bend 76 15 8 2 19 78 1 2 77 14 8 2
Howard Hansen 1 97 2 0 1 60 39 0 4 44 52 0
Kennedy Creek 41 38 19 1 5 59 35 1 53 27 19 1
Lynch Cove 87 1 10 2 16 81 1 2 86 2 10 2
Mashel 15 85 0 0 3 17 80 0 19 38 43 0
Mineral Creek 23 69 8 1 63 19 17 1 16 7 76 1
NF Green 14 85 0 1 1 52 47 1 6 54 40 1
NF Mineral Creek 19 72 9 1 82 13 4 1 1 3 95 1
Reese Creek 34 63 1 1 51 8 40 1 13 24 62 1
Tiger 40 54 6 0 4 41 54 0 20 56 24 0
W Kitsap 75 3 21 1 35 60 4 1 75 3 21 1
Grand Total 36 56 7 1 26 43 30 1 31 25 43 1

Table 3-12. Erosion, Compaction and Displacement Potential by WAU (Percent of Area)*

*Source:  DNR 2007

forest fertilization (which DNR has not done in 
the last decade), timber harvest has the greatest 
potential for altering soil nutrients (Raison and 
Crane 1986).

TIMBER HARVESTING 
Timber harvest can remove some of  the nutrients 
stored in tree branches, limbs, and boles; therefore, 
the harvest method can determine which nutrients 
remain in the ecosystem. Undisturbed, these tree 
components and their nutrients would have been 
recycled into the soil through decay. The degree of  
nutrient extraction is proportional to the type of  
harvesting, the volume removed, and the harvest 
frequency (Powers and others 1990).

After harvest, the microclimate of  the site often 
is changed to one that favors the accelerated 
decomposition of  residual slash and other 
organic material, causing an influx of  nutrients 
into the soil (Boyle 1976). Harvesting reduces the 
overstory, thereby reducing evapotranspiration 
and canopy rainfall interception. Reductions in 
evapotranspiration and interception typically 
result in higher soil moisture levels (refer to Water 
Quantity, p. 65). Percolation of  this newly-available 
water through the soil profile can accelerate the 
leaching of  mobile nutrients such as nitrates 
(Blackburn and Wood 1990), raise water tables, and 
increase water yield. 

Ground-based harvest methods have a greater 
potential for causing adverse soil impacts than cable 
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methods. Full-suspension cable yarding causes less 
impact than high-lead methods, which sometimes 
drag harvested trees on the ground. Full-suspension 
yarding systems suspend the timber above the 
ground, resulting in minimal compaction when 
compared to high-lead methods and ground-based 
operations. Thinning activities have a lower impact 
in terms of  soil compaction than variable retention 
harvests (Cafferata 1992). The most common effect 
on soils from ground-based forest operations is 
increased compaction (Ares and other 2007). Ruts 
created by harvest machinery can affect soil drainage 
and concentrate overland flow. Concentration of  
overland flow can lead to more severe forms of  
surface, rill, or gully erosion. Most soil displacement 
is associated with activities that compact the soil.

On slopes that have been recently harvested, 
saturated soil may be vulnerable to slides 
(Chamberlin and others 1991). In extreme cases, 
areas that are normally considered stable can be at 
risk of  slope failure from prolonged heavy moisture.  

Tree removal results in a loss of  soil root strength 
in the upper soil layers. Reduced rooting strength 
increases the incidence of  shallow landslides in 
steep terrain (>70 percent or 35 degrees) for up to 
ten years following clearcut timber harvest (Sidle 
1985; Burroughs and Thomas 1977). Additional 
research has shown that shallow landslides can 
often be linked to zones of  soil weakness around 
individual trees (Burroughs and Thomas 1977). 
Vegetation and ground cover have been shown 
to increase infiltration and reduce overland flow, 
therefore decreasing instability of  slopes. 

ROAD MANAGEMENT 
Of  all forest management activities, road 
construction and maintenance have the greatest 
potential for causing increases in surface erosion. 
When roads are constructed, the upper soil horizons 
are removed and a compacted, firm surface is 
established and maintained. Roads constructed on 
slopes require uphill cuts exposing soil to compaction 
or detachment of  soil particles by raindrops. Ditch 
water is drained by relief  culverts built to improve 
water movement and reduce sediment transport 
to streams. However, culvert undercutting can be 
another issue tied to erosion. When there are too few 
culverts along built roads or when they are undersized 
their failure produces large amounts of  sediment 

which can be released, moving quickly toward water 
resources (refer to Roads, p. 82).

Landslide rates associated with roads are much 
higher than those of  timber harvest alone (Simpson 
2002). Road building has been shown to decrease 
slope stability by over-steepening and concentrating 
drainage water onto unstable slopes (Sidle 1985).

Roads can also impact productivity since roads 
are highly compacted and susceptible to particle 
removal by surface erosion and mass wasting. Road 
construction, road maintenance, and construction 
of  log landings have the greatest impacts in 
terms of  soil compaction. Increased runoff  over 
compacted soils can lead to mass wasting events. 
For further discussion on roads, refer to DNR 
2004 (p. 4-44 to 4-52), DNR 2001 (p. B-13), and 
roads (p. 82).

RECREATION 
Some recreational activities can cause significant soil 
compaction. However, there are differences in the 
magnitude of  impacts caused by different uses. Horses 
have been shown to cause substantially more trail 
erosion than hikers, llamas, or mountain bikers (Wilson 
and Seney 1994; DeLuca and others 1998). Trail 
erosion is often greater when soils are wet than when 
they are dry (DeLuca and others 1998). Generally, areas 
that experience repeated use by vehicle, horse, and foot 
traffic have compacted soils. These areas include trails, 
trailheads, campground parking areas, and established 
campgrounds. The surface area impacted by these 
activities is usually a relatively small proportion of  the 
total area of  any watershed. 

Recreational activities can cause soil erosion, influence 
sedimentation of  streams (potentially destroying 
critical habitat for salmon and trout), and damage 
fragile ecosystems (Stull and others 1979). Stream 
crossing points may be particularly susceptible 
to impacts. Trail crossings at streams increase the 
potential for bank erosion or direct sediment deposits 
into a stream. Although DNR does not harvest in 
areas directly adjacent to streams, streambanks are 
at risk from unauthorized user-built recreation trail 
systems. When tree root systems are destroyed and the 
soil is no longer held together, streambank stability is 
reduced, fine sediment is transported into the water, 
and turbidity is increased (refer to Water Quality, p. 70).  
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Roads
Almost all roads provide access benefits but often at 
a risk to the environment. If  not properly managed, 
roads have the potential to damage the environment 
or provide opportunities for illegal activities. When 
deciding how to manage roads, DNR weighs the 
impacts of  forest roads carefully with regard to 
environmental protection, public use, and forestland 
management needs. 

The forest road network is composed of  roads 
that are temporary, used for a single purpose and 
abandoned, or are permanent and used year-round 
for a variety of  purposes. Road management 
consists of  different phases and the geographic 
patterns of  roads in forest landscapes also 
differ substantially from place to place. Roads 
in combination with geology and climate affect 
elements of  the environment that include the 
hydrologic processes that influence sediment 
transport, sediment delivery and mass-wasting, 
wildlife, vegetation, recreational use, and natural 
disturbances (USDA 2001).

Why Are Forest Roads Important?
Access to forested state trust lands extends from 
the network of  DNR and private forest roads onto 
county roads as well as state and interstate highways. 
These roads are necessary for land management 
activities and public use (DNR 2001). DNR 
management activities such as timber harvesting, 
replanting, fire control, and recreation require the 
presence and use of  forest roads. Private residents 
with in-holdings also use them to access their 
properties. The greatest source of  traffic on these 
roads is associated with harvest activities, but in 
some areas, that may be surpassed by traffic for 
recreational access (DNR 2006b). 

What Are the Criteria for Managing 
Forest Roads?
Under the 1997 Habitat Conservation Plan, the 
criterion for road management is to minimize 
adverse impacts to salmonid habitat caused by 
the road network. The Forest Practices Rules Road 
Construction and Maintenance12 set standards to protect 
water quality and riparian habitat by requiring 
that roads be constructed and maintained in a 
manner to prevent damage to public resources. 

DNR accomplishes this by minimizing further 
road-related degradation to riparian, aquatic, and 
identified species habitat through compliance with 
the Forest Practices Rules mentioned above. DNR can 
also achieve these goals by appropriate planning, 
design, construction, and maintenance (DNR 
1997). DNR has and will continue to abandon or 
eliminate roads no longer needed for management 
purposes consistent with the state Forest Practices 
Rules and the 1997 HCP. DNR’s road management 
accomplishments are presented in Appendix H.

The requirements for road management were 
designed to protect sensitive areas from the impacts 
associated with a network of  existing roads and 
the construction of  new roads. Locations on 
steep slopes, areas with unstable soils and high 
precipitation, or locations within 100 feet of  Type 
1, 2, and 3 waters and wetlands are given priority for 
road maintenance and abandonment (DNR 1997).

What Are the Indicators for Assessing 
Forest Roads?
ROAD DENSITY
Road density, as measured by mile per mile squared, 
is proposed as an index of  several effects of  roads 
in a landscape. Road density is a useful index of  the 
effect of  roads on wildlife populations (Forman 
and others 1997). Some studies have shown that 
a few large areas with low road density, even in a 
landscape of  high road densities, may be suitable 
habitat for large vertebrates (Rudis 1995; Forman 
and Alexander 1998). Habitat effects of  roads on 
the landscape include dissecting vegetation patches, 
increasing edge-effect, decreasing interior area, and 
increasing the uniformity of  patch characteristics 
such as shape and size (Reed and others 1996). 
Whenever forest roads are built, changes in habitat 
and animal behavior can lead to changes in wildlife 
populations (Lyon 1983). Refer to Table 3-13 for the 
road densities within this planning unit.

SEDIMENT DELIVERY
Landslides or mass wasting associated with roads 
may be a major source of  sediment to water 
resources as well as their riparian buffers (Bescheta 
1978; Swanson and Dyrness 1975). Typical causes 
of  mass wasting events from roads are described in 
soils (p. 76). Traffic generated sediment and erosion 
from road surfaces, cutbanks, and ditches represent 
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a major source of  road-related sediment input 
to streams (refer to Riparian, p. 58; Fish, p. 73). 
Increased sediment delivery to streams after road 
construction is well documented in the research and 
literature in the Pacific Northwest and Idaho (Bilby 
and others 1989; Donald and others 1996; Megahan 
and Kidd 1972; Reid and Dunne 1984; Rothacher 
1971; Sullivan and Duncan 1981). Road runoff  
from heavy precipitation events can be routed 
directly to the stream network at stream crossings or 
by road-induced gullies (Wemple and others 1996). 
Rates of  sediment delivery from unpaved roads 
appear highest in the initial years after building 
(Megahan and Kidd 1972) and correlate closely with 
traffic volume (Reid and Dunne 1984; Sullivan and 
Duncan 1981).  

SITE PRODUCTIVITY
Forest roads can affect site productivity (Forest 
Conditions, p. 43) by removing and displacing 
topsoil, compacting soil surfaces, altering soil 
properties, changing microclimates, and accelerating 
erosion (USDA 2001). Other factors affecting site 
productivity include the frequency of  disturbance, 
soil moisture, soil type, and road location relative to 
sensitive soils. Road building changes soil’s physical 
properties including depth, density, infiltration 
capacity, water holding capacity, gas exchange rate, 
and nutrient concentrations (USDA 2001). For a 
discussion on the effects of  road building on soil 
compaction, refer to soils (p. 76).

HYDROLOGY
The influence that roads have on water quantity 
depends on several factors, including the location of  
roads on hillslopes, characteristics of  the soil profile, 
subsurface water flow, and groundwater interception 
(Water Quantity, p. 65). The design and placement 
of  drainage structures, such as ditches and culverts, 
can affect water flow through a watershed. The 
proportion of  the watershed occupied by roads 
also influences hydrology (USDA 2001) which 
can ultimately affect fish populations (Clancy and 
Reichmuth 1990; Belford and Gould 1989; Evans 
and Johnston 1980; Furniss and others 1991). 

BIOLOGICAL INVASIONS (INVASIVE PLANTS)
Roads may be the first point of  entry for exotic 
(non-native) species into a new area. Studies in 
western Washington have linked invasive plant 
movement to highways, roads, trails, railroad tracks, 
and power line corridors. The study concluded that 
non-native plants spread along these constantly 
disturbed areas come from visitors’ vehicles that 
may carry seeds or other propagules capable of  
sprouting and spreading non-native plants (Fuentes 
and others 2007; Greenberg and others 1997; 
Lonsdale and Laine 1994).

RIPARIAN HABITAT
Roads built adjacent to stream channels can pose 
a higher level of  potential impacts than roads built 
further from water bodies. One example: removing 

* Data Source: 1/13/2009 DNR Dataset
*These data only represent distances to Type 1, 2, 3, 4, 5, 9 streams/water bodies. 
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the tree canopy for a stream-adjacent road can 
change temperature and light and have both positive 
and negative effects on fish populations (Fish,  
p. 73). Chart 3-3 shows the proximity of  roads to 
riparian areas in 50-foot increments.

WATER QUALITY 
Roads can alter hydrologic processes (Water 
Quantity, p. 65) that influence sediment transport, 
sediment delivery, and mass wasting (Soils, p. 76). 
Road surfaces can be variable depending on the 
soil’s parent material, traffic, or road surfacing 
(Reid and Dunne 1984; MacDonald and others 
2001). Refer to water quality (p. 70) for additional 
discussion.

AIR QUALITY
Vehicles moving on unpaved roads produce dust, 
which can be released into the atmosphere; reducing 
visibility and suspending particulates in the air that 
can pose health hazards (USDA 2001). Refer to air 
quality (p. 113) for additional discussion. 

VISUAL QUALITY
Roads can have visual impacts (Visual Resource 
Management, p. 89), which are amplified when 
large contiguous harvest units—and their associated 
roads—are visible from state and local highways. 

What Are the Current Road 
Conditions?
To provide rail access for harvesting old-growth 
timber, transportation networks were developed 
early in the 1900s throughout the Elbe, Tahoma, 
and Black Diamond landscapes, as the distance 
between the railroads and timber available for 
harvest increased, roads for hauling timber replaced 
most railroad lines. Many of  these landscapes 
contain 50- to 75-year-old railroad grades that have 
been converted to forest roads, as well as newer 
roads constructed for large trucks. Today, these 
forest roads provide access to almost every portion 
of  the landscape for management and recreational 
activities. 

The current road inventory is captured on the 
Forest Practices transportation layer in DNR’s GIS 
system. DNR estimates that approximately 850 
miles (DNR 2007) of  forest road exist on forested 
state trust lands within the planning unit, including 

additional miles associated with easements. Since 
timber generally is extracted within 800 feet of  an 
existing road (refer to Appendix H, Table H-1), the 
current road system allows access to approximately 
62 percent of  the planning unit. Additional roads 
or road sections would be built, if  needed, to access 
the remaining 38 percent of  the planning unit.

The road density for the planning unit varies from 
1.6 to 4.9 miles per square mile (Table 3-13) in the 
watersheds where DNR manages 20 percent or 
more of  the land base, but averages 3.2 miles per 
square mile.

It is anticipated that 12 miles of  additional roads 
will be built every year for the next decade to 
access more of  the forestland base. In steep terrain, 
reducing road densities may require longer cable 
yarding distances, which will raise costs, especially 
for thinning activities (Hochrein and Kellogg 1988). 

How Does DNR’s Management Affect 
the Road Network?
TIMBER HARVESTING
Timber harvesting puts certain pressures on 
forest roads through the amount and types (kinds 
of  vehicles) of  traffic and the road mileage they 
require. 

RECREATION
Recreation is a competing source of  traffic with 
forest management in some areas (DNR 2006a). 
Public access for recreational activities can be 
affected by changes to the road system. DNR limits 

Table 3-13. Road Density by WAU*

Watersheds Acres Miles Miles/Mile2

Mineral Ck. 4,731.5 36.9 5.0
Great Bend 15,887.0 103.7 4.2
West Kitsap 6,319.0 41.1 4.2
East Ck. 4,087.6 27.0 4.2
Howard Hansen 16,322.3 103.7 4.1
Kennedy Ck. 8,621.4 50.2 3.7
Reese Ck. 11,665.5 65.8 3.6
Lynch Cove 10,740.4 58.7 3.5
Catt 6,763.4 35.6 3.4
North Fork Green 6,554.3 34.7 3.4
North Fork Mineral 13,800.8 65.9 3.1
Mashel 14,922.4 64.7 2.8
Tiger 9,646.1 24.5 1.6

*Planning Unit Average (Acre Weighted on Watershed Area) Source: DNR 2007
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entry to forested state trust lands when public 
access results (or may result) in damage to the 
environment or the road system or interferes with a 
contractor lessee (McClelland, pers. comm. 2007). 

Recreation 
DNR has defined recreation according to the 
Multiple Use Act13, where recreation and public access 
are allowed for a variety of  activities and where such 
uses are compatible with trust objectives (DNR 
2006b). 

Why Is Recreation Important?
Recreation on forested state trust lands is an 
important component of  the quality of  life in 
Washington (DNR 2006b). Most lands used for 
recreation are located at low elevations near cities 
and towns and provide year-round recreational 
opportunities. 

Trends in outdoor recreation show recent growth 
across a wide variety of  activities (Cordell and 
Bergstrom 1991). While access to private lands is 
decreasing (Cordell and others 1999), public lands 
are likely to be choice destinations for increasing 
numbers of  people looking for high-quality outdoor 
recreational experiences in natural settings.

These trends have particular relevance to this 
planning unit, because it encompasses the most 
heavily populated region in the state and its 
counties’ populations are anticipated to grow by 
15 to 20 percent by 2030 (Office of  Financial 
Management 2007). 

What Are the Criteria for Managing 
Recreation?
DNR provides public access opportunities on 
forested state trust lands in accordance with the 
Multiple Use Act so long as these opportunities 
are consistent with trust objectives to provide 
financial support for schools and other state 
institutions while ensuring long-term protection 
of  the environment. Where recreational activities 
can coincide with these primary purposes, DNR 
provides trails, trailhead facilities, and a primitive 
experience in a natural setting (DNR 2006b; DNR 
1997).

What Are the Indicators for Assessing 
Recreation? 
POPULATION DEMOGRAPHICS
Population demographics are major determinants 
of  trends in participation for recreation (Cordell and 
others 1999; Kakoyannis and Stankey 2002). Thus, 
to understand recreation demand and trends in the 
planning unit, DNR examines the population trends 
for the state and region. About two-thirds of  the 
state’s population growth is driven by people moving 
into Washington (OFM 2007). The Washington 
Office of  Financial Management (OFM) estimates 
that by 2030 (the final year of  its population 
forecasts), the state’s population is anticipated to 
increase by approximately 33 percent (OFM 2007). 
Increases are expected not only in existing major 
population centers (for example, along the I-5 
corridor), but also in communities that traditionally 
have been categorized as rural and on the periphery 
of  major population centers. This planning unit 
encompasses the most heavily populated region in 
the state; refer to Table 3-16.

ROADS AND PUBLIC ACCESS
Recreation access to DNR-managed lands is mostly 
for dispersed recreational activities such as hunting, 
sightseeing, hiking, and berry-picking. DNR also 
provides primitive recreation facilities that are used for 
overnight camping and day uses such as picnicking. 
Some overnight destinations are very popular, 
requiring DNR to manage a reservation system.

DNR also has trail systems for hikers, horsemen, 
off-road vehicle users, mountain bikers, skiers, and 
hang-gliders. Most of  these systems provide access to 
everyone, but organized user groups assist DNR with 
maintaining and upgrading the trails to keep them 
open. 

DNR’s road network provides additional recreation 
benefits. However, misuse of  trust lands (for example, 
for unregulated dispersed camping and destruction of  
forest road access barriers) has led to concerns about 
safety and environmental degradation. In response, 
DNR has gated some interior roads, a change that 
improved public safety and reduced management 
concerns although these roads are still open to non-
motorized use. Additionally, access may be restricted 
for environmental reasons, such as protecting the City 
of  Tacoma’s water supply.
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RECREATION FACILITIES
During harvesting activities, some facilities, trails, 
and roads are closed temporarily for public safety 
reasons. At other times, roads and recreation 
facilities are closed for repair or replacement. 
Changes in demand also bring changes in use; in 
the Tahuya State Forest, a substantial increase in 
recreational use resulted in DNR’s development in 
2007 of  a recreation facilities plan to meet the high 
demand for off-road vehicle use (DNR 2007b). 

What Are the Current Conditions?
The planning unit has 30 developed recreation 
sites, over 450 miles of  trails, and many thousands 
of  acres of  dispersed recreation lands used for 
hunting, fishing, and sightseeing (Table 3-14). DNR 
identified the region’s main recreational attractions 
as trails and trail-oriented activities along with 

State Forest or 
Landscape Recreation Opportunities

Recreation Facilities
Recreation Emphasis

Trails Miles Campgrounds

Tiger Mountain
Hiking, mountain biking and 
equestrian use trails; paragliding; 
day use: environmental education, 
picnicking

75 0 Day use; non-motorized

McDonald Ridge Dispersed and not designated or 
maintained 0* 0 None

Grass Mountain Dispersed and not designated or 
maintained 0* 0 None

Elbe Hills 
Hiking and equestrian trails; 
4x4 trails; day-use: picnic sites, 
overnight campgrounds, hunting, 
pleasure driving

50 non-motorized 
miles with 12 

miles of 4X4 trails
2

Day use and overnight; 
non-motorized and 

motorized

Tahoma 
Groomed ski trails, snow shoeing, 
mountain biking, hiking, horseback 
riding on roads, hunting

100 miles snow 
trails 3 Huts Day use and overnight; 

non-motorized

Pleasant Valley Dispersed and not designated or 
maintained 0* 0 None

Tahuya
Hiking and equestrian trails; ORV 
and 4x4 trails; day-use: picnic sites, 
overnight campgrounds

163 miles multi-
use trails; 13 

miles 4 x 4 trails
5

Day use and overnight; 
non-motorized and 

motorized

Green Mountain 
Hiking and equestrian trails, 
ORV trails, day-use picnic sites, 
pleasure driving to vista, overnight 
campground

11 miles multi-
use (motorized 

and non-
motorized)

1 Day use and overnight; 
non-motorized 

Sherwood Dispersed and not designated or 
maintained 0 * 0 None

Table 3-14. Recreation Opportunities

* Some forest roads are used by pedestrians and mountain bikers

environmental education14. Day-use recreational 
activities are varied and include hiking, horseback 
riding, off-road vehicle use, skiing, mountain biking, 
hunting, sightseeing, fishing, food and vegetation 
gathering, hang gliding, and paragliding.

ACCESS 
The breadth of  user types and groups accessing 
DNR-managed lands within the planning unit is 
indicative of  the range of  recreation opportunities 
and the variety of  terrain in the region. It is 
challenging to manage the various recreation user 
groups’ interests and needs while still meeting 
DNR’s primary responsibilities. Often the public 
is not aware of  DNR’s trust mandate (refer to 
Chapter 1, p. 5) on forested state trust lands or of  
the ongoing forestry management activities on lands 
used for recreation. 
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POPULATION
Available information on current levels of  use is 
shown in Table 3-15. As the population continues 
to increase, these levels are expected to increase as 
well.

VOLUNTEER SUPPORT
There has been extensive public outreach to 
recreational users in the planning unit. DNR has 
developed partnerships with volunteer-based focus 
groups, recruited users to participate in a forest 
watch program, and used volunteers to improve trail 
systems. 

Table 3-15. Estimated Annual Recreational Use in 
the Planning Unit*

Visit Location Visits Per Year
Tiger Mountain 375,000

Tahuya 250,000

Green Mountain 50,000

Elbe Hills 45,000

Tahoma 15,000

McDonald Ridge & 
Grass Mountain 5,000

How Does DNR Management Affect 
Recreation?
HARVESTING RESTRICTIONS
To protect visitor safety, designated and dispersed 
recreation sites are sometimes temporarily closed 
because of  harvesting activities. These closures and 
reroutes normally last while harvesting activities are 
in progress and the sites are re-opened after they 
have been completed. At times, trails are relocated 
permanently to less environmentally sensitive areas 
away from riparian areas or wetlands.

Timber harvesting activities can affect recreational 
users but the effect depends on the type of  
recreational activity and the amount of  use an 
area receives. There are many different types of  
recreational interests and opportunities which 
are a challenge for DNR timber management 
responsibilities. However, Hunt and others (2000) 
identified some recreation groups (hunters and 
motorists) to be more accepting of  harvesting 
activities, while others who were surveyed seemed 
to be less accepting (mountain bikers, cross-country 
skiers, snowshoers, and hikers). 

SEASONAL CLOSURES
Seasonal closures are necessary when recreational 
activities result in environmental impacts. Most 
closures are related to specific trails and campsites. 
Long-term closures can occur when road access is 
damaged or eliminated during storm events (refer to 
Climate, p. 55). 

ROADS
Roads offer the public a way to access lands and 
recreational opportunities. The effects of  human 
access and disturbance effects on remote areas tend 
to increase with higher road density (Forman and 
Alexander 1998). Illegal off-road vehicle use of  
forest roads contributes to rutting and road surface 
destruction and requires extra maintenance. 

Forest Health
Forest health is defined in state law as the condition 
of  a forest being sound in ecological function, 
sustainable, resilient, and resistant to insects, disease, 
fire, and other disturbances, and having the capacity 
to meet landowner objectives15.

Why Is Forest Health Important?
Healthy forests allow DNR to achieve its social, 
ecological, and economic objectives on forested 
state trust lands. Unhealthy forests lead to decreased 
growth, increased mortality, and susceptibility 
to stressors such as insects, disease, and drought 
(O’Laughlin and Cook 2003).

What Are the Criteria for Addressing 
Forest Health?
DNR’s policy on forest health emphasizes 
prevention through treatment of  the underlying 
causes of  forest health problems, primarily including 
species composition and high stand density at a 
landscape level. In addition to mandating forest 
health symptoms when they occur, the policy also 
establishes a clear strategy of  cooperating with 
neighboring landowners, other agencies, and the 
scientific community to address forest health issues 
(DNR 2006b).
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What Are the Indicators for Assessing 
Forest Health?
STAND DENSITY
Densely stocked forest stands (RD≥75) lead to 
decreased tree growth, increased mortality, and 
reduced resistance to drought as well as insect and 
disease attacks (O’Laughlin and Cook 2003). By 
examining the proportion of  dense stands within 
the planning unit, the potential risk can be assessed 
(Forest Conditions, p. 45). 

TREE MORTALITY
Tree mortality is perhaps the most direct measure of  
forest health and represents the cumulative impact 
of  all the stressors present in the environment 
(O’Laughlin and Cook 2003). It is important to 
recognize that some tree mortality is inevitable 
and desirable. The results of  tree mortality, such as 
standing snags and down woody debris, are essential 
components of  structurally complex forested 
ecosystems.

SPECIES COMPOSITION
When DNR regenerates forest stands after variable 
retention harvests, it plants a variety of  seedlings, a 
method that protects stands from being completely 
overrun by insects and diseases that target specific 
species, such as white pine blister rust.

What Are the Current Forest Health 
Issues?
In an informal written survey, DNR staff  and 
specialists thought the incidence of  most pathogens 
had remained consistent over the past two decades 
and did not identify any pathogens in this planning 
unit as significant. DNR listed the most current 
forest health issues as bear damage, Douglas-fir 
beetle, balsam wooly adelgid (an exotic insect that 
attacks true firs), invasive plants, and laminated 
root rot. DNR believes that the incidents of  bear 
damage, along with the introduction/detection of  
invasive plants, have demonstrated upward trends 
throughout the period. 

How Does DNR Management Affect 
Forest Health?
TIMBER HARVESTING
Harvesting is the primary tool by which forest 
managers can intervene to create conditions that 
increase resistance to insects and disease. Harvesting 
activities allow managers to reduce forest stand 
density and alter species composition and are 
the primary means of  treating insect and disease 
outbreaks directly (Tainter and others 1996). 
However, if  not properly managed, multiple entries 
into an existing forest stand may cause injury and 
exacerbate the incidence of  disease in the stand. 

Commercial thinning may decrease forest health 
by bringing in seeds and plant propagules on 
equipment used in other areas. Tree damage in the 
remaining stand can cause openings for infection 
by weakening otherwise healthy trees or limiting 
their access to nutrients. Commercial thinning can 
open large portions of  the canopy and scarify the 
forest floor, giving invasive species opportunities 
to establish themselves in new areas (Smidt and 
Blinn 1995).  

In 2004, the Legislature approved the Forest Health 
Improvement Act, authorizing the Commissioner of  
Public Lands to contract for the harvest of  timber 
where forested state trust lands have been identified 
with serious forest health concerns. DNR was directed 
to implement a plan for state-owned forestlands with 
the objective of  increasing forest resistance to resilience 
from insects, disease, wind, and fire (DNR 2006c). 
While the original authorizations for the Forest Health 
Improvement Program were due to expire at the end of  
2007, Senate Bill 5461 eliminated the sunset provision.

As of  February 2009, one forest health 
improvement project has been completed in this 
planning unit, totaling 400 acres, with another 300 
acres scheduled for late 2009.
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Visual 
Resource 
Management
Visual or scenic resources 
can be defined as those 
visually perceived attributes, 
characteristics, and features 
of  landscapes that evoke 
varying responses from 
humans, and provide non-
material benefits to them 
(US Forest Service 1995). 
The visibility of  forestry 
activities is influenced 
by several factors. The 
observer’s perspective and 
personal values influence 
whether the reaction to the 
visual impact is positive, 
neutral, or negative (DNR 2006b).

Why Are Visual Resources Important?
The visual quality of  the American landscape has 
been a subject of  discussion throughout the nation’s 
history, but has become an increasingly prominent 
public issue in the past several decades because of  
the increased rate and scale of  development (Zube 
1986). 

The appearance of  forest stands and forested 
landscapes can be altered by DNR’s management 
activities including timber harvesting, road building, 
leasing, and other activities. DNR recognizes 
the importance of  visual quality and that visual 
management concerns must be balanced with 
DNR’s other obligations and management 
objectives (DNR 2006b). 

Looking East towards Mt. Rainier from Elbe Hills with Eager Beaver timber 
sale in the middle ground.

Besides visual impacts from management, large-
scale natural disturbances such as wildfires, wind 
events, or epidemics may occur, creating unintended 
visual impacts. 

As the population continues to increase, more 
people will view the landscapes DNR manages, 
whether seen from major roads and adjacent rural 
lands or during visits to DNR forests. Washington’s 
growth management policies have slowed but not 
eliminated development in rural portions of  the 
Puget Sound region. Approximately 13 percent of  
growth in King, Kitsap, Pierce, and Snohomish 
counties occurs in rural areas (PSRC 2005). Such 
rural development places homes, businesses, and 
roads within view of  forested state trust lands. 
From 2000 to 2007, county populations increased 
between five and 15 percent within the planning 
unit (Table 3-16). Visual sensitivities are possible 

County 2000 Population 2007 Population Change 2000-2007
Difference Percent

King 1,737,046 1,861,300 124,254 +7.2%
Kitsap 231,969 244,800 12,831 +5.5%
Lewis 68,600 74,100 5,500 +8.0%
Mason 49,405 54,600 5,195 +10.5%
Pierce 700,818 790,500 89,682 +12.8%
Snohomish 606,024 686,300 80,276 +13.3%
Thurston 207,355 238,000 30,645 +14.8%
Total, all South Puget Sound Region Counties 3,601,217 3,949,600 348,383 +9.7%
State of Washington 5,894,143 6,488,000 593,857 +10.1%

*Source: Office of Financial Management (2007)

Table 3-16. Population Statistics for Washington and Counties within DNR’s South Puget Sound Region*
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from many viewpoints along 
roads where the impacts can 
affect a greater proportion 
of  people than just the local 
residents.

What Criteria Does 
DNR Use to Manage 
Visual Resources?
The 2006 Policy for Sustainable 
Forests provides general 
guidance for managing 
visually sensitive areas for 
identified local and regional 
visual impacts. 

What Indicators 
Are Used to Assess 
Visual Conditions?
Before harvesting, DNR assesses the type and 
extent of  the harvest and the proximity of  roads, 
and any natural disturbances to assess the harvest’s 
potential visual impacts.

HARVESTING INDICATORS 
Studies have shown that as the amount of  harvested 
area visible to an observer increases, the degree of  
visual impacts increases (BC Ministry of  Forests 

Figure 3-7. Variable Retention Harvest, Old Fogy Timber Sale, Elbe Hills: 
Dispersed leave tree pattern, 10 trees per acre left standing

Figure 3-8. Variable Retention Harvest: Clumped Leave Tree Pattern, 
Eager Beaver Aerial, Elbe Hills (as seen from the air), 23 trees per acre left 
standing

1996, 1997). Many studies have demonstrated the 
public’s visual preference for harvesting types which 
retain more large trees rather than fewer smaller 
trees (Ryan 2005; Picard and Sheppard 2002; BC 
Ministry of  Forests 1997).

DNR’s variable retention harvests generally leave 
between eight and 16 trees per acre standing after a 
harvest, depending on land management objectives. 
The leave trees may be either grouped in small 
clumps or dispersed uniformly throughout a harvest 

unit. Figures 3-7 and 3-8 
provide examples of  what 
these two patterns look like. 

Thinning harvests remove 
fewer trees than variable 
retention harvesting 
methods (at least 70 percent 
of  the board foot volume 
is usually left standing). 
Figure 3-9 illustrates what a 
thinned stand may look like 
following a harvest used to 
enhance northern spotted 
owl dispersal habitat.

ROADS
Researchers have shown 
that the view from the road 
is the basis for much of  
what people know about 
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Figure 3-9. Thinning harvest Cougarilla Sorts Timber Sale Tahoma: 115 
trees per acre left standing

the everyday environment 
and their mental image of  
the landscape (WADOT 
2007). Roads can have visual 
impacts, a perspective which 
is amplified when high forest 
road densities are coupled 
with large contiguous harvest 
units that are visible from 
populated locations on state 
and local highways. 

ROCK PITS
Well-constructed forest 
roads require material such 
as rock and gravel. DNR 
makes use of  local rock from 
its own lands whenever 
possible. Rock and gravel 
pits may cause visual impacts 
if  located in visually sensitive areas.

LEASES AND RIGHTS-OF-WAY
DNR leases trust lands for communication sites 
which may be located in visually prominent spots, 
such as peaks or mountain tops. The department 
has many other lease and rights-of-way agreements 
for uses such as power lines which may pose visual 
impacts depending upon their location.

NATURAL DISTURBANCE EVENTS 
Many studies have demonstrated the public’s 
negative perception of  burned areas following 
wildfires, with the strength of  the reaction 
depending on the severity and size of  the burned 
area and the time since the event occurred (Taylor 
and Daniel 1984; Brush 1979; Cotton and MacBride 
1987; Scott 1998). 

Large insect outbreaks, although rare in this area, 
can affect the viewer’s perception of  a forest 
(Buhyoff  and others 1982).

Landslides, whether natural or human-caused (for 
example a failed road), may cause visual impacts 
because of  their often dramatic nature and because 
the removal of  vegetation is very noticeable, 
especially in steep terrain (Soils, p. 76). 

What Are the Current Conditions for 
Visual Resources?
Table 3-17 summarizes the main viewpoints and 
visual conditions of  each area in the planning 
unit. During public and stakeholder meetings for 
this planning process, no areas of  regional visual 
significance were identified.

MODELING TOOL
DNR uses a visual model to assist foresters in 
determining areas of  potential visual sensitivity 
from major roads. The model provides a score 
based on the line-of-sight from a major road toward 
forested state trust lands. Scores range from 0 to 41, 
with higher numbers representing the amount of  
area that can be seen from a road at multiple points. 
The model is meant to provide a simple first-cut 
screening tool and does not consider the volume of  
traffic, number of  viewers, or other details. 

How Does DNR Management Affect 
Visual Resources?
Because of  the extent of  the land base affected, 
the greatest potential impacts to visual resources 
come from timber harvesting and road building. 
Other, more localized visual effects are associated 
with communication sites, rock pits, and rights-
of-way. Some effects, such as those from natural 
disturbances, cannot be predicted. 
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Area Planning 
Unit Acres Main Viewpoints Notes

Tiger Mountain State 
Forest 13,364

City of Issaquah, I-90, SR18, 
Mirrormont, Issaquah-Hobart Rd., 
rural residences, forest visitors.

Observed by 13.3 million vehicles/yr on I-90; 
highest recreationally used forest in planning 
unit; Fed. Designated Scenic Byway (Mt. to Sound 
Greenway); scenic management Tiger Mtn. Plan 
(1986) limits harvest amount, type retaining at 
least 12 trees/ac after harvest. Restricted # acres/
yr. Refer to Map 2-2.

McDonald Ridge 11,861
Towns of Enumclaw, Black Diamond, 
Maple Valley, SR 169, rural 
residences.

3,300 ft. ridge east of towns. Most noticeable 
from rural residences, but not towns. City of 
Tacoma restricted access: very little recreational 
use.

Grass Mountain 15,907 SR 169, & rural residences.
City of Tacoma restricted access: very little 
recreational use. Much of forest block only visible 
from the west.

Elbe State Forest 22,157

Towns of Elbe, Ashford, Eatonville, 
Mt. Rainier NP, Mount Baker-
Snoqualmie National Forest, SR 706, 
local visitors & traffic.

Trust lands generally not viewable from towns. 
SR 706 gets used by majority of 1.1 million/yr 
visitors to Mt Rainier NP. Ridge to north of 706 
blocks views of DNR lands to the north. 

Tahoma State Forest 32,096

Towns of Elbe, Ashford. Mineral & 
rural residences. Mt. Rainier NP, 
Gifford Pinchot National Forest, SR 
706, SR 7, local visitors & traffic.

Valleys stretch south, perpendicular to SR706, 
allowing views into DNR lands. Possible views 
from SR 7, Mineral Lake

Pleasant Valley 3,291
Town of Elbe, SR 706, SR 7, Alder 
Lake, Alder Lake Park, GP National 
Forest, local residences.

Small area, highly visible from many locations 
near and on Alder Lake. Example, SR 706, SR7. 

Green Mountain State 
Forest 12,948

City of Bremerton, Silverdale, Lake 
Tahuya, SR3, rural residences, & 
forest visitors.

Green Mountain 1,639 ft. elev.; views from rural 
residences and from Lake Tahuya, Wildcat Lake, 
William Symington Lake. Highly recreated on.

Tahuya State Forest 23,928
Hood Canal, Twanoh SP, Belfair SP, 
SR300, SR106, US101, forest visitors, 
& rural residences

Relatively flat terrain limits potential visual 
impacts here. Highly recreated on.

Sherwood State Forest 2,786 Rural residences, SR3, Grapeview 
(unincorporated)

Relatively flat terrain limits potential visual 
impacts here.

Table 3-17. Summary of Scenic Qualities by Area 

TIMBER HARVESTING
Many studies have shown that the visual quality 
of  forested landscapes decreases as timber harvest 
increases, and that compared with thinning 
activities, variable retention harvests can lower 
scenic quality ratings (BC Ministry of  Forests 1996; 
BC Ministry of  Forests 1997; Picard and Shepherd 
2002; Brunson and Shelby 1992; Ribe 1999; Ryan 
2005). A 2002 focus group study found the subject 
of  forestland management strongly associated with 
the issue of  variable retention harvests, resulting in 
negative visual connotations (Connections Group 
2003). 

FOREST ROADS
Maintenance of  DNR’s road network and 
construction of  new roads create visual impacts. 
Roads also provide the access needed to view 
forested landscapes. Roads, if  not properly 
constructed and maintained, can cause slope failures 

or mass wasting (refer to Soils, p. 76). Rock pits 
used for road construction can also be a source of  
sedimentation from erosion of  exposed dirt and 
mass wasting events.

Land Transactions
Land transactions are the repositioning of  trust 
assets achieved through the purchase, sale, or trade 
of  trust lands (DNR 1998). The trust assets are 
continuously evaluated and prioritized to act on 
opportunities to “block up” or reposition trust 
lands to better achieve DNR’s goals, including 
diversification of  the trust portfolio.

Why Are Land Transactions 
Important? 
Land exchanges are intended to acquire more 
lands adjacent to or near other lands DNR already 
manages or to diversify the trust portfolio. In 
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addition to increasing management efficiency, 
having larger and more contiguous areas under 
public ownership could improve wildlife habitat and 
forest health. 

Land transactions are designed to increase the 
value of  the trusts by providing long-term benefits 
whether economic, ecological, or social in nature. 
Repositioning of  the trust assets is intended to 
improve DNR’s ability to manage the lands and 
to provide long-term, sustainable revenue to trust 
beneficiaries.

What Are the Criteria for Managing 
Land Transactions? 
The criteria for managing land transactions are 
to continually evaluate, prioritize, and act on 
opportunities to block up or reposition trust lands 
or to diversify the trust portfolio. In use since the 
early 1970s, this approach was adopted formally by 
the Board of  Natural Resources in 1998 through the 
Asset Stewardship Plan. The strategies developed 
under the management alternatives are designed to 
accomplish this task. 

The Enabling Act of  1889 and the State 
Constitution restrict the disposal of  forested state 
trust lands, including their sale at anything less than 
full market value. The Enabling Act also authorizes 
the exchange of  grant lands for lands of  equal 
value. The State Constitution requires that trusts 
receive full compensation when trust lands are sold, 
transferred, or otherwise redistributed. Certain state 
laws16 contain additional requirements for trust 
compensation. 

DNR management of  forested state trust lands is 
guided by a number of  laws, policies, and programs 
for a brief  overview refer to the 2006 Policy for 
Sustainable Forests.

What Are the Indicators for Assessing 
Land Transactions?
FORESTLAND CONVERSIONS
Forested state trust lands are not immune to the 
pressures of  an increasingly urbanized environment. 
In order to uphold its fiduciary responsibility 
to trust beneficiaries, DNR is motivated to 
preserve the interests of  the trusts by strategically 
repositioning assets where they can continue to 

be managed for revenue production as well as 
environmental values.

Fragmentation and parcelization are often an 
intermediate step on the pathway from working 
forests to urban or suburban development (DNR 
2007; Egan and Luloff  2000; Sampson and 
DeCoster 2000). Both have impacts on social and 
environmental values.

Typically, a large tract of  industrial working forest 
is sold in smaller lots for rural residential use when 
the value of  the property for these uses exceeds 
the value for continued timber production (Alig 
and White 2007). Prospective returns from growing 
timber often cannot outweigh land development 
as land values for developed uses can be 80 to 100 
times greater than forestlands (Alig and White 
2007).

What Are the Current Conditions?
DNR recently acquired approximately 20,000 acres 
of  forestlands in the Cascade foothills previously 
owned by Plum Creek Timber Company, under a 
project called the North Fork Green River Trust 
Land Exchange. The acreage is within the City of  
Tacoma’s Green River watershed, located in eastern 
King County. This project exchanged approximately 
6,000 acres of  state trust land—mostly in isolated 
parcels in west and southwest Washington—that did 
not fit the agency’s objectives to manage revenue-
producing land holdings for state trust beneficiaries. 
For additional information and analysis related to 
this exchange, refer to Appendix J.

POPULATION
As the population continues to increase and move 
into rural areas, the pressure to convert forestlands 
becomes greater. Washington’s population grew 
by 10.1 percent between 2000 and 2007, reaching 
an estimated 6.5 million people. The portions of  
seven counties represented in this planning unit 
grew by 9.7 percent during the same period (Table 
3-16). The 2007 population in these counties was 
3.9 million. Three of  the five largest municipalities 
in the state —Seattle, Tacoma, and Bellevue—are 
located within the planning unit and all were among 
the top 10 fastest-growing municipalities in the state 
(OFM 2007). 
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How Does DNR Management Affect 
Land Transactions?
HARVESTING AND REVENUE GENERATION
In terms of  forest management, land exchanges are 
done to improve management effectiveness; this 
can be accomplished by blocking-up or expanding 
the existing forestland ownership boundaries. The 
main purpose is to produce long-term revenues by 
providing a variety of  forest products.

ROADS 
As lands are acquired, DNR must fulfill the 
requirements for road management under state 
Forest Practices Rules (refer to Roads, p. 80). 
While the additional road maintenance projects 
are a greater cost to DNR, these lands provide 
better overall access to the public and more cost-
effective management that did not exist prior to the 
exchange. 

RECREATION 
Population growth has specific effects on trust 
lands. Where a decade ago hundreds of  people 
may have recreated on trust lands, now thousands 
might. As more visitors recreate on trust lands, 
they collectively come to depend on these lands 
for recreational opportunities. In these locations, 
recreational users may not want lands moved out of  
DNR ownership. However, in other cases, blocking 
up ownership will be supported by users.

Cultural Resources
Washington State law defines cultural resources for 
Forest Practices as “archaeological and historic sites and 
artifacts and traditional religious, ceremonial, and social 
uses and activities of  affected Indian Tribes.”17 

DNR (Stilson pers. comm. 2007) defines cultural 
resources as objects, sites, structures, buildings, and 
districts containing evidence of  past human activities 
or playing an active role in maintaining the traditional 
cultures of  the state.

Because both the physical components of  cultural 
resources and management strategies for handling them 
may vary, cultural resources on DNR-managed lands are 
divided into four general classes which are not mutually 
exclusive:

Historic Sites—Sites 50 years or older, which have 
standing structures that are associated with activities 
of  any of  Washington’s peoples after the arrival 
of  Euro-Americans.18, 19 Examples of  historic sites 
include buildings, roads or trails, railroads, logging 
camps, dumps, and military installations.

Archaeological Sites—Sites more than 50 years 
in age that lack any standing structure; these may 
be surface scatters of  artifacts, buried deposits, 
or both. Archaeological sites may be associated 
with any people who have occupied Washington 
and can range from a single artifact (an “isolate”) 
to sites with large numbers of  artifacts, ecofacts 
(unmodified materials such as shells or animal bones 
that reflect food debris), and features (modifications 
to the landscape such as hearths, pits, and stacked 
cairns).19

Traditional Cultural Properties—Places that 
have been identified by Tribes and play a significant 
role in a community’s historically rooted beliefs, 
customs, and practices. These places range from 
the location of  a secret ceremony to prominent 
natural features of  the landscape such as ceremonial 
bathing areas, gear storage areas, spirit quest sites 
(Vision Quest), and traditional song and named 
places. All sites must have long-standing cultural 
significance to one or more Tribes, although their 
location may not be shared publicly20 Traditional 
cultural properties may also relate to other ethnic 
groups; they are not limited only to tribes. Often, 
to remain functional, such a place must maintain 
the characteristics of  purity, privacy, isolation, and 
permanence.

Traditional Materials—Products of  the landscape 
that continue to have significance to Tribes. 
Examples may include plants, animals, and minerals 
that were used for food, medicine, or raw materials 
pre-historically and historically; they and may still be 
used today.20   

Why Are Cultural Resources 
Important?
DNR recognizes the significance of  cultural 
properties, current cultural uses, and historic 
and archaeological sites and how they help us 
understand our past and contribute to state 
and Tribal heritage. DNR also acknowledges 
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the importance of  government-to-government 
communications and collaboration with the Tribes, 
as discussed in the Commissioner’s Order on Tribal 
Relations (refer to DNR 2006b, Appendix L), as 
well as with interested stakeholders. DNR routinely 
manages cultural resources in the context of  its 
broader mission and in compliance with national 
standards and Washington statutes, rules, executive 
orders, and internal policies and the consultation 
processes of  the Department of  Archaeology and 
Historic Preservation (DAHP).

What Criteria Does DNR Use to 
Manage Cultural Resources?
Washington laws provide the means to identify, 
study, protect, and perpetuate cultural resources 
and also create a plan for civil action against people 
seeking to take, destroy, or otherwise disturb sites 
and their contents. DNR has also created internal 
policies, procedures, and interagency agreements 
similar to these that guide day-to-day operations. 
These resources include Historical, Cultural and 
Archeological Sites21, Identifying Historic Sites22 
(contained in Appendix E), and the 1987 Timber, 
Fish and Wildlife Agreement. DNR frequently 
enters into memoranda of  agreement with Tribal 
governments to protect traditional cultural 
properties and maintain Tribal access to resources 
and localities important to the practice of  traditional 
cultures. For a more in-depth discussion of  the legal 
background of  cultural resources in Washington, 
refer to Appendix L.

What Are the Indicators for Assessing 
Cultural Resources?
DNR emphasizes protection of  cultural resources 
for historic sites, archaeological sites, traditional 
cultural properties, and traditional materials by 
protecting and minimizing impacts to them, 
increasing public awareness, and improving data. 

PROTECTION AND MINIMIZATION OF IMPACTS
For two years in a row, DNR’s Cultural Resource 
Awareness training has been commended by the 
Sustainable Forest Initiative Certification Board for 
its training manual and for using Tribal members 
to teach parts of  the training. DNR intends to have 
100 percent of  its field staff  trained about cultural 
resource concerns within the next few years; and 

this goal has been met in this planning unit by 
accelerating the process and standardizing guidance. 
Because of  its high teaching standard, reference 
manual, and knowledgeable staff, DNR is able to 
identify and mitigate for resources in the field on 
projects large and small. 

Although often undocumented, over the last 
decade as many as 50 sites in timber harvesting 
areas were protected or mitigated because members 
of  this planning unit were knowledgeable about 
the potential presence of  cultural resources in the 
planning unit. Other management activities require 
consultation with a Cultural Resource Specialist. 
These activities can include land transactions, 
projects using capital funds (covered by Executive 
Order 05-05), and follow-up to environmental 
events such as landslides, windstorms, floods. 

PERCENTAGE OF LAND DESIGNATED FOR 
CULTURAL USE
An important indicator, recognized internationally 
(Montréal Process 1995), is the amount of  area 
designated to protect cultural, spiritual, and social 
values. Many DNR-managed lands can be included 
in this group, which allows Tribal access to specific 
areas; although actual acreage is difficult to quantify 
because many traditional areas do not have 
boundaries. Sites used for Vision Quests, ceremonial 
bathing areas, and other rituals have changed as 
time has passed, especially in areas where a growing 
population encroaches on wilderness. 

TRIBAL ACCESS
A closely related indicator, the amount of  available 
access for Tribal, ethnic, or spiritual groups, poses 
a similar problem of  quantifying acres. Most state-
owned/managed lands were ceded to the United 
States by local Tribes and later given to Washington 
when it gained statehood. The Point Elliot Treaty 
of  1855 generally applies to ceded lands in the 
greater Puget Sound area, where reserved rights 
remain for hunting, fishing, and gathering berries 
and roots (used for medicines, herbs, tobacco, 
and other purposes) for local Tribes. This right to 
fishing and hunting also includes an implied right to 
have the habitat for these species protected. As is 
the case above, areas of  traditional uses do not have 
designated boundaries and virtually no state statutes 
deal directly with Tribal title or property rights. Most 
access to these sites by Tribes has been coordinated 
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through Tribal consultation with DNR. No activities 
with significant potential to impact the environment 
(those to which State Environmental Policy Act 
applies) move forward on DNR-managed lands 
without input from local Tribes that may be affected 
by the action.

IMPROVING DATA
Oftentimes, agency and tribal databases diverge on 
questions of  location, size, and content of  cultural 
resource sites. DNR not only cultivates close 
Tribal relationships, but also has an information-
sharing memorandum of  understanding with 
the Department of  Archaeology and Historic 
Preservation. These open relationships give 
the highest level of  protection to resources by 
maintaining updated information in a domain 
accessible to Cultural Resource Specialists 
throughout a specific region, such as South Puget. 
However, for fear of  exploitation, not all cultural 
resource sites are recorded by Tribes.

What Are the Current Conditions?
PRE-HISTORIC AND HISTORIC USES OF 
DNR-MANAGED LANDS
A general description of  the pre-historic and 
historic uses of  the Puget Sound area can be found 
in Appendix D of  the 2006 Final EIS on the Policy for 
Sustainable Forests. 

Archaeologists believe human occupation began 
in this area nearly 12,000 years ago, following 
the retreat of  the Ice Age glaciers. Most cultural 
resource sites in Washington are found near water, 
possibly because ancient populations, like modern 
ones, were drawn to marine and riverine resources 
for food, water, trade, and travel. 

In addition to fishing and gathering from the water, 
hunting implements and large fossilized animal 
bones signify to researchers that Paleo-Indian 
people (initial occupation to 7,500 years ago) were 
also terrestrially-oriented and hunted large game 
species. Sites from this era within the planning unit 
are likely to be special purpose (burial grounds) and 
small resource extraction sites (lithic scatter); larger, 
more complex sites are probably located below the 
waters of  Puget Sound.

During the Developmental Period (7,500 to 
4,500 years ago), more complex societies arose 

as populations adapted to their environments, 
but settlement patterns fluctuated with resource 
availability. A few coastal refuse sites (middens) 
date from this era, but many are probably hidden 
under the waters of  the Puget Sound and the 
Pacific Ocean. Forested archaeological sites in 
this era, as in the previous era, are likely limited to 
special purpose and small to moderate size resource 
extraction sites. Many sites of  the Developmental 
Period show continued use through ethnographic 
and historic times. 

By about 3,000 years ago, the Northwest coast 
ethnographic pattern was fully established, and 
was characterized by large semi-permanent winter 
villages at lower elevations, and seasonal forays to 
resource extraction sites and seasonal camps, often 
at higher elevations. During the Ethnographic 
Period (3,000 to 200 years ago), Native Americans 
on the Puget Sound and most navigable rivers in 
the area developed food processing and storage 
technologies as well as complex travel and trade 
networks from the Pacific Coast to the Columbia 
Plateau. These cultures were very advanced in 
their knowledge and development of  the resources 
around them, and manipulated the landscape to 
improve wildlife habitat and promote the growth 
of  different crops. The landscape that early settlers 
encountered was largely human-created through the 
use of  fire.

Researchers have the most archaeological 
information from the past 200 years since the 
arrival of  Euro-Americans, including their patterns 
of  establishment, economies, and relationships to 
existing inhabitants. Like most Native American 
settlements, all major early Euro-American 
communities were built near navigable water. 
Often, the Euro-Americans settled in exactly the 
same places as the Native Americans since the 
land had been cleared and was more attractive than 
the dense forests. Early historic economies were 
predominantly extractive and based on logging, 
mining, shellfish gathering, and salmon fishing.

Most private agricultural development of  the state 
began with the federal Donation Land Claim Act 
(1850), the Homestead Act (1862), and similar laws 
that provided free land to settlers and promoted 
immigration to the Pacific Northwest. Trails and 
roads soon connected settlements and commercial 
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centers, and small towns gradually arose to provide 
for settlers’ needs. In 1887, the completion of  the 
transcontinental Northern Pacific Railroad opened 
Washington to trade with the east. Historical sites 
commonly found in this planning unit include early 
logging camps, mills, railroads, and cabins. 

TYPES OF CULTURAL RESOURCES 
All of  the classes previously mentioned have 
been found in and around the planning unit. 
Archaeological and historic sites have been 
documented in greater quantity, but DNR will 
continue to identify cultural resources of  all 
classes in the course of  managing forested state 
trust lands. 

The Department of  Archaeological and Historic 
Preservation database was queried November 9, 
2007 and the 36 sites were identified within the 
planning unit are listed in Table 3-18.

UNDERSTANDING CULTURAL RESOURCE 
LOCATIONS
The archaeology of  Washington within this 
planning unit is not well understood because very 
few DNR-managed lands have been surveyed 
for the presence of  cultural resources. Areas 
near ridges and along water are considered high-
probability areas for cultural resources and are 
more commonly surveyed by forestland managers 
than intermediate management areas not located 
near major water features. Lowlands, particularly 
coastlines, are most often surveyed because that 

is where most development occurs and therefore 
where most cultural surveys have taken place. 

CULTURAL RESOURCES STAFF
DNR employs two full-time Cultural Resource 
Specialists, who are trained archaeologists and 
meet the U.S. Secretary of  Interior’s Professional 
Qualification Standards.23 These specialists and the 
Tribal Relations Manager review projects, programs, 
and land transactions in detail; are involved in 
fieldwork; make recommendations regarding 
cultural resources; work directly with Tribal 
Cultural Resource professionals; and have access 
to confidential historical data regarding sites on 
record at Department of  Archaeology and Historic 
Preservation.

How Does DNR Management Affect 
Cultural Resources? 
Timber harvest and associated road building 
activities can have various impacts on cultural 
resources and their functions. For archaeological 
and historical sites, these activities can result in 
physical damage or destruction with a loss of  
cultural, scientific, and historical values (DNR 
2006a). Any ground-disturbing activity in areas with 
potential impacts to cultural resources is of  concern 
to DNR and the Tribes.

TIMBER HARVESTING
Proposed timber harvests are routinely reviewed 
by DNR Cultural Resource Specialists searching 

Table 3-18. Current Archaeological and Historical Site Counts and Contents in the Planning Unit*

Site Type Count Site Contents
Historic Bridges 1

Historic Logging Properties 4 Lumber mills, logging camps, lumber processing features—log  chutes, 
flumes, dumps, holdings, railroads

Historic Outlooks 1

Historic Objects 4 Historic markers, benchmarks, wagon frames, car parts, machinery

Historic Railroad Properties 2 Tracks, shelters, campsites, stations, trestles, berms, grades, cars, and 
materials (railroad ties and spikes)

Historic Structures – Not Specified 1 Foundations, function unknown

Pre-Contact Camp, Pre-Contact 
Culturally Modified 18 Short-term occupation sites

Trees 2 Culturally modified trees, including blazed and peeled trees

Pre-Contact Lithic Material 1 Lithic scatter, quarry, misc. tools and debitage

Pre-Contact Shell Midden 2 Matrix of shell, bone and lithics
*Source: Department of Archaeological and Historic Preservation (2007)
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for archival evidence and land attributes that 
suggest the presence of  cultural resources. Field 
surveys of  proposed activities are conducted when 
archival evidence and probability assessments 
indicate that a site may have cultural value. When 
cultural resources are found, the specialists work 
to protect them, often by specifying the direction 
of  felling, designating machinery exclusion 
zones, or including cultural resource sites within 
other environmental protection zones, leaving 
them untouched. This practice is consistent with 
the procedure Identifying and Protecting Cultural 
Resources22, found in Appendix E.

Forest management can change species composition 
to favor resources used by the Tribes. For example, 
using timber harvesting to open the forest canopy 
can encourage the growth of  berry-producing 
species and can provide forage for game animals. 
Fire has been used by Native Americans for 
centuries to manipulate forests and prairies; it 
is mentioned in written and oral histories as an 
instrument for bringing in animals and new growth 
to feed the Tribes. Cedar growth is also promoted 
on many forested state trust lands by planting 
seedlings and removing competing tree species. 
Forest roads can also enable Tribal elders to access 
traditional use areas more easily (DNR 2006a).

FOREST ROADS 
Forested state trust lands have extensive road 
networks, varying from temporary logging 
spurs to double lane paved roads. Almost all 
road construction involves ground disturbance. 
Cultural resource review occurs for all new road 
construction. Where possible, roads are designed 
to avoid cultural resources. When avoidance is not 
possible, sites are mapped, data are rapidly gathered 
in the form of  drawings, photos, and descriptions, 
and (sometimes) artifacts are collected or other 
forms of  mitigation are instituted (Appendix L).12, 13

Cultural resource review occurs where road 
maintenance or abandonment has the potential 
to disturb the ground. From a cultural resource 
management perspective, maintenance of  existing 
roads is preferable to building new ones, but road 
abandonment generally increases protection for 
cultural resources in the area. Refer to Appendix H 
for information on road abandonment.

SAND, GRAVEL, AND MINERAL EXTRACTION 
Extraction of  sand, gravel, and mineral resources 
in areas near cultural resources has a potential for 
disturbance. Each project is reviewed by cultural 
resource staff  according to previously mentioned 
laws and policies. 

RECREATION 
Recreation generally does not have a high potential 
to affect cultural resources adversely, but where the 
potential exists, the typical approach is to design 
projects that will avoid such effects. 

Off-road vehicle trails have a high potential for 
impacts to cultural resources. Proposals to establish 
these trails involve close attention to cultural 
resource archives and field surveys. Where cultural 
sites are found, trails are designed to avoid them. 
However, undesignated user-built trails also have the 
potential to adversely affect cultural resources. 

Non-motorized uses have much less potential than 
motorized uses to impact cultural resources, but 
any capital improvements, such as new trails and 
replacement or new camping facilities must undergo 
review. Cultural resource and recreation staff  are 
currently developing a plan to survey designated and 
potential trails in recreation areas not tied to specific 
projects. 

LAND TRANSACTIONS 
Cultural Resource Specialists routinely review land 
transactions. Their review emphasizes on parcels 
leaving DNR’s management to identify and establish 
protection plans for any cultural resources before 
the lands are sold or leased. Executive Order 05-05 
(Appendix L) specifically identified “land acquisition 
for the purposes of  capital improvement” as 
a trigger for cultural resource review. Recently, 
Cultural Resource Specialists have also begun to 
review other land transactions, including non-capital 
acquisitions, to learn whether cultural resources 
may require further assessment under DNR 
management.

Wildlife Habitat
This section addresses potential impacts to habitat 
for a range of  wildlife species across the planning 
unit. Potential impacts to the northern spotted owl 
and marbled murrelet are discussed separately. 
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Under the 2006 Policy for Sustainable Forests, wildlife 
habitat is defined as the combination of  resources 
(food, water, cover) and environment (climate, soils, 
vegetation structure) that attracts and supports a 
species, population, and/or assembly of  species 
(scientifically referred to as communities or guilds). 

Why Is Wildlife Habitat Important?
Wildlife habitat, regardless of  its location—uplands, 
riparian areas, or wetlands—is important because 
of  the functions it performs for a variety of  wildlife 
species such as providing food and shelter. 

What Is the Criterion for Assessing 
Wildlife Habitat?
The criterion for assessing wildlife habitat is the 
conservation of  biological diversity including 
ecosystem, species, and genetic diversity (refer to 
Biodiversity definition sidebar). DNR conservation 
efforts focus on the preservation of  biological 
diversity as a guiding principle for sustainable forest 
management (DNR 2006b). DNR’s 1997 Habitat 
Conservation Plan (HCP) is a long-term management 
plan to conserve not only currently threatened and 
endangered species, but also to help avoid the future 
listing of  additional wildlife species (DNR 1997, 
2006b).

What Are the Indicators for Assessing 
Wildlife Habitat?
Indicators for biological diversity relate to a range 
of  ecosystem conditions and the wildlife species 
associated with them.

WILDLIFE GUILDS
Guilds are assemblages of  species that have similar 
habitat requirements for foraging, breeding (nesting/
denning) and/or shelter. Guilds are defined using 
different types of  ecological overlap, so individual 
species can belong to several guilds (refer to Table 3-19). 
The guilds in Table 3-19 were 
developed for this analysis, 
to describe species that will 
benefit from various forest 
conditions, based largely on 
Brown (1985) and Johnson 
and O’Neil (2001). The 
guilds and species listed are 
merely examples of  how 

The Washington Biodiversity 
Council defines biodiversity 
as “the full range of life in 
all its forms”. This includes:  
the habitats in which life 
occurs, the ways that species 
and habitats interact with 
each other, the physical 
environment, and the 
process necessary for those 
interactions.

different assemblages of  wildlife may respond over time 
to forest structures and conditions created by DNR to 
enhance wildlife habitat on forested state trust lands. 

Wildlife guilds can be used to examine which 
potential species are associated with certain forest 
conditions and structures. Species composition may 
correspond to various forest conditions created 
under the different alternatives.

STAND DEVELOPMENT STAGES
The amount of  forest in the different stand 
development stages indicates what potential wildlife 
habitat conditions are present within the planning 
unit (Table 3-20). Different species are associated 
with different forest stand conditions within each 
stand development stage (refer to Text Box 3-1, 
p. 44). Stand age is not used as an indicator, as 
the 1997 Habitat Conservation Plan found it to be 
an insufficient indicator of  stand structure and 
ecological function (DNR 1997, p. IV-89; DNR 
2004).

NATURAL AREA PRESERVES AND NATURAL 
RESOURCE CONSERVATION AREAS 
Natural Area Preserves protect the best remaining 
examples of  many ecological communities, including 
rare plant and wildlife habitats. The Natural Heritage 
Program identifies the highest quality and most 
ecologically important sites for protection as Natural 
Area Preserves. Natural Resource Conservation Areas 
protect outstanding examples of  native ecosystems; 
habitat for endangered, threatened, and sensitive plants 
and animals; and scenic landscapes. Environmental 
education and low impact public use are appropriate in 
Natural Resource Conservation Areas where they do 
not impair the resource values of  the area protected. 
The number and size of  Natural Area Preserves and 
Natural Resource Conservation Areas is an indication 
of  the level of  protection given rare, sensitive, and 
endangered species.

FOREST FRAGMENTATION
Forest fragmentation occurs when large, continuous 
forests are divided into smaller blocks by timber 
harvesting, roads, agricultural clearing, urbanization, 
or other human development. Forest fragmentation 
can lead to habitat fragmentation for many species. 
Not all wildlife species respond to fragmentation in 
the same way. Some tolerate fragmented habitat, while 
others can be greatly impacted. Habitat fragmentation 
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Table 3-19. Wildlife Guilds and Species Benefitting from Various Forest Conditions and Structures

Forest Structures and 
Conditions Benefitting Guild Representative Species

Retained live trees 
(patches and individual trees)

Feed and/or breed in large trees 
(generally greater than 24 inches 
diameter)

Chestnut-backed chickadee, brown creeper, golden-
crowned kinglet, Pacific-slope flycatcher, rufus 
hummingbird, pileated woodpecker

Arboreal seed eaters Pine siskin, Douglas squirrel, Townsend’s chipmunk

Arboreal needle/bud eating Blue grouse, Douglas squirrel, porcupine, 

Arboreal omnivores Raccoon, Virginia opossum

Bark probers/gleaners
Hairy woodpecker, northern flicker, red breasted 
nuthatch, brown creeper

Foliage gleaning insectivores
Warbling vireo, golden-crowned kinglet, hermit 
warbler, western tanager

Perching/hawking (esp. during 
ecosystem initiation)

Red-tailed hawk, great horned owl, Steller’s jay, 
American crow

Retained and created snags

Primary cavity nesters Pileated woodpecker, red breasted nuthatch

Secondary cavity nesters Chestnut-backed chickadee, saw-whet owl

Arboreal insectivores (nesting) Tree swallow, violet green swallow, Vaux’s swift

Large snag dependent
Pileated woodpecker, northern saw-whet owl, western 
screech owl, black bear, American marten, bats

Retained coarse woody debris, 
ground cover, organic soil 
layers

Herbivorous and fungivorous forest 
floor small mammal (truffles and 
fungi, seeds, berries, insects)

Deer mouse, Oregon creeping vole, red backed vole

Small mammal predators
Coyote, bobcat, long-tailed weasel, red-tailed hawk, 
American marten

Ground insectivores
Northern alligator lizard, western fence lizard, western 
toad, Northwest salamander, Pacific tree frog, shrews, 
moles, black bear 

Large downed wood dependant
Amphibians and reptiles (see row above), black bear, 
American marten 

Created small forest openings, 
diversity of tree sizes, vertical 
and horizontal diversity

Understory birds
Dark-eyed junco, fox sparrow, hermit thrush, orange-
crowned warbler, olive-sided flycatcher, pine grosbeak, 
ruby-crowned kinglet, Wilson’s warbler, winter wren

Herbivorous mammals
Columbia black-tailed deer, Rocky Mountain elk, 
eastern cottontail, deer mice, voles

Aerial salliers Western tanager, olive-sided flycatcher

Foliage gleaning insectivores 
Golden-crowned kinglet, warbling vireo, hermit 
warbler, western tanager

Understory-gleaning insectivores Winter wren, song sparrow

Edge species
Deer, elk , western screech owl, great horned owl, bats 
(see also Table 3-14)

Large mammal predators Cougar, bear

Complex forest structure: 
Niche Diversification and Fully 
Functional stand development 
stages

Late successional specialists
Northern goshawk, northern spotted owl, Townsend’s 
warbler, northern flying squirrel
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includes reducing in the total area of  the habitat, 
increasing the amount of  edge (Table 3-21), decreasing 
the amount of  interior habitat, isolating one habitat 
fragment from other areas of  habitat, breaking up 
one patch of  habitat into several smaller patches, and 
decreasing in the average size of  each patch. 

What are the Current Conditions of 
Wildlife Habitat?
Each stand development stage satisfies different 
habitat needs for a variety of  species and this 
assessment of  the current conditions for wildlife 
habitat is based on these development stages.

For a description of  the current stand development 
stages and their distributions across the landscape, refer 
to forest conditions (p. 45). For a listing of  species 
associated with these stand development stages, refer 
to Table 3-20, and for guilds associated with forest 
structures and conditions, refer to Table 3-19. 

Table 3-20. Stand Development Stages and Vertebrate Species Associated with Them

Stand Development Stage Species

Ecosystem Initiation

Rubber boa, terrestrial garter snake, northern alligator lizard, western fence lizard, ruffed grouse, 
California quail, common nighthawk, mountain bluebird, orange-crowned warbler, rufus-sided 
(spotted) towhee, white-crowned sparrow, dark-eyed junco, snowshoe hare, mountain beaver, 
deer mouse, creeping vole, Pacific jumping mouse, striped skunk, Rocky Mountain elk, Columbian 
black-tailed deer, black bear

Competitive Exclusion Ruffed grouse, orange-crowned warbler, white-crowned sparrow, snowshoe hare, mountain 
beaver, common porcupine

Understory Development Masked shrew, Townsend’s chipmunk,  common porcupine

Biomass Accumulation Blue grouse, golden-crowned kinglet, Townsend’s warbler, masked shrew, Townsend’s chipmunk, 
Douglas’ squirrel, western red-backed vole

Niche Diversification
Blue grouse, northern pygmy-owl, northern spotted owl, pileated woodpecker, Steller’s jay, 
winter wren, varied thrush, masked shrew, long-legged myotis, silver-haired bat, big brown bat, 
snowshoe hare, Townsend’s chipmunk, Douglas’ squirrel, northern flying squirrel, western red-
backed vole, red tree vole, common porcupine, Rocky Mountain elk, Columbian blacktailed deer

Fully Functional

Blue grouse, marbled murrelet, northern spotted owl, pileated woodpecker, Pacific-slope 
flycatcher, golden-crowned kinglet, sharp-shinned hawk, northern pygmy-owl, Vaux’s swift, 
Steller’s jay, winter wren, varied thrush, Townsend’s warbler, western tanager, masked shrew, 
long-legged myotis, Keen’s myotis, silver-haired bat, big brown bat, snowshoe hare, Townsend’s 
chipmunk, Douglas’ squirrel, northern flying squirrel,  Rocky Mountain elk, Columbian black-tailed 
deer, black bear

SENSITIVE WILDLIFE SPECIES
The Endangered Species Act (1973) protected species 
and their habitats to ensure their survival. Sensitive 
species24 are defined as, “any wildlife native to the 
state of  Washington that is vulnerable or declining 
and is likely to become endangered or threatened 
throughout a significant portion of  its range within 
the state without cooperative management or 
removal of  threats.” Table 3-22 lists these species 
and their essential habitat elements as they exist in 
stand development stages. 

NATURAL AREA PRESERVES AND NATURAL 
RESOURCE CONSERVATION AREAS
DNR currently has seven Natural Area Preserves 
and three Natural Resource Conservation Areas 
specific to the protection of  rare, sensitive, and 
endangered species. 

Table 3-21. Wildlife Species Closely Associated with High-Contrast Forest/ Shrub Edges

Meets All Habitat 
Requirements

Ensatina, ruffed grouse, band-tailed pigeon, great horned owl, common nighthawk, rufous 
hummingbird, western wood-pewee, winter wren, Townsend’s solitaire, Swainson’s thrush, hermit 
thrush, American robin, varied thrush, orange-crowed warbler, yellow-rumped warbler, western 
tananger, black-headed grosbeak, rufous-sided towhee, dark-eyed junco, brown-headed cowbird, 
purple finch, pine siskin, American goldfinch, masked shrew, vagrant shrew, mountain beaver, deer 
mouse, American kestrel, red-tailed hawk, common raven, Steller’s jay

Meets Foraging Habitat 
Requirements Only

Blue grouse, Cooper’s hawk, northern pygmy-owl, northern saw-whet owl, western screech-owl, ruby-
crowned kinglet, Vaux’s swift, big brown bat, silver-haired bat, hoary bat, California myotis, Keen’s 
myotis, little brown myotis, American marten, short-tailed weasel, mountain lion, black-tailed deer, red 
fox, bobcat
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ECOSYSTEM INITIATION
Forest stand development begins as open, newly 
established forest stands of  rapidly growing young 
trees and shrubs. Compared to other stages, wildlife 
diversity increases in the Ecosystem Initiation stage 
until stands reach more structurally diverse conditions 
(Brown 1985; Johnson and O’Neil 2001). 

Many species use stands in this stage more for foraging 
than breeding. Brown (1985) identified 70 species in 
western Washington and Oregon that used Ecosystem 
Initiation (grass/forb stage in Brown 1985) as the 
primary foraging habitat, compared to 26 species 
that use the Ecosystem Initiation stage as primary 
breeding habitat (refer to Table 3-20). Reptiles, such 
as northern alligator lizard and western fence lizard, 
are generally uncommon in forested landscapes, but 
are known to occur within variable retention harvest 

Table 3-22. Sensitive Wildlife Species Known or Suspected to Occur* 

Species and Status
Habitat

Foraging Breeding and/or Resting General Upland

Red-Legged Frog (FCo)
Ecosystem Initiation and 
structurally complex stand 
development stages

Requires riparian for breeding.
Moist habitats, including 
shrubby areas with large 
woody debris.

Western Toad (FCo, SC) All Requires riparian for breeding. Large woody debris.

Northern Goshawk (FCo, SC) Edges and open forest, 
Structurally complex. Structurally complex Mature and late-successional 

forests.

Bald Eagle (SS, FCo) Large trees and snags near 
water.

All stages, but requires large 
trees for nesting and protected 
stands for roosting.

Large trees for nesting, dense 
and mature forest stands for 
winter roosts.

Great Blue Heron (SM) May forage in ecosystem 
initiation stands.

Biomass accumulation, 
Structurally complex, 
(Generally near large water 
bodies)

Mature forest stands (nesting).

Olive-Sided Flycatcher (FCo) Ecosystem Initiation Structurally complex Large trees adjacent to open 
areas.

Osprey (SM) Water (non-forest) Structurally complex
Large trees for nesting, 
perching, roosting near large 
bodies of water.

Turkey Vulture (SM) May forage in ecosystem 
initiation stands. Structurally complex Mature tree stands for 

roosting.

Vaux’s Swift (FCo, SS) Aerial foraging over all stages. Structurally complex Large snags for nesting.

Willow Flycatcher (FCo) Ecosystem Initiation Ecosystem Initiation Shrubby habitats.

Long-Eared Myotis (FCo, SM) Ecosystem Initiation Structurally complex Large snags and trees for 
roosting.

Long-Legged Myotis (FCo, 
SM) Ecosystem Initiation Structurally complex Large trees and snags for 

roosting.

Townsend’s Big-Eared Bat 
(FCo, SC) Ecosystem Initiation Structurally complex Large trees and snags for 

nesting.

Yuma Myotis (FCo) Ecosystem Initiation Structurally complex Large trees and snags for 
roosting.

FCo = Federal Species of Concern, SC = State Candidate, SE = State Endangered, SS = State Sensitive, ST = State Threatened, SM = State Monitor
*Source: Based on Brown (1985) and Johnson and O’Neil (2001)

areas, where stumps, woody debris, and open canopies 
provide basking habitat, believed to be important for 
thermoregulation (Waldien and others 2003). 

Ecosystem Initiation stage stands create edge habitat 
that can increase wildlife use (Hunter 1990; Patton 
1992; Johnson and O’Neil 2001). Adjacent stands 
in the Understory Development and older-forest 
development stages provide cover and perching habitat 
adjacent to possible high-quality foraging habitat within 
the Ecosystem Initiation stage. Such high-contrast 
edges are known to be used by red-tailed hawks, 
accipiters (sharp-shinned and Cooper’s hawks), and 
several species of  owls (Johnsgard 1988, 1990; Table 
3-21). Edges also provide escape and hiding cover, 
so that species that forage within the relatively open 
Ecosystem Initiation stands, such as deer and elk, stay 
near forested edges where they can more easily escape 
predators (Kirchhoff  and others 1983; Yahner 1988).
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Table 3-23. Current Natural Area Preserves and Natural Resource Conservation Areas

Name Approximate 
Acres Habitat Type

Bald Hill NAP 307
This preserve supports an unusual number of habitats and plant communities, including 
streamsides, mossy rocks, cliff crevices, seasonally wet grassland, Oregon white oak 
woodland, and exposed rock outcrops.

Charley Creek NAP 1,172 Native growth forest land is undisturbed by human activity such as harvesting with forests 
of 110 to 145 years old dominating the site with native plant associations and communities.

Kennedy Creek 194 This site is a good quality remnant of a larger tidal river marsh, providing important habitat 
for wildlife.

Kitsap Forest NAP 571 Mature and old growth douglas fir and western hemlock dominate this forest with 
rhododendron, evergreen huckleberry, and sword fern in the forest understory.

Oak Patch NAP 18

Oregon white oak woodland and an Oregon white oak-Douglas-fir mosaic which is extremely 
unusual on the Kitsap Peninsula, and represents a vanishing woodland community in the 
Puget Trough. Spring wildflowers such as fawn lilies, chocolate lilies, and camas lilies thrive 
on this site.

Shumocher Creek NAP 492
A stream and associated wetlands, an upland buffer, and a variety of plant communities that 
vary in their dominant vegetation. One of the plant communities found at Shumocher NAP, 
the Skita alder/skunk cabbage/water parsley community.

Skookum Inlet NAP 146 The saltmarsh communities, tideflats, and second growth forest.

Tahoma Forest NRCA 233

The NRCA supports mature and old-growth mid-elevation forest communities ranging from 
100 to well over 200 years of age. Douglas-fir and western hemlock dominate the forest 
overstory, but silver fir and especially noble fir are also common. The understory is generally 
quite open and includes species such as beargrass, red huckleberry, Pacific rhododendron, 
vanilla leaf, cutleaf goldthread, and queencup beadlily. 

Stavis NRCA 1,559 This area is similar to the historic forest matrix of the Kitsap Peninsula.

West Tiger Mountain 
NRCA 3,885 The area provides important habitat for large and small wildlife including black bear, cougar, 

deer, raccoon, eagle, waterfowl, reptiles, and amphibians.

Woodard Bay NRCA 838 This site protects habitat ranging from shoreline to wetlands to mature second growth 
forest.

COMPETITIVE EXCLUSION 
No wildlife species in western Washington are found 
exclusively in the Competitive Exclusion stage (Carey 
and others 1995) because of  its low structural diversity 
and low or absent shrub cover (Johnson and O’Neil 
2001). However, some species use these stands as 
cover for hiding, escape, breeding, and protection 
from weather. For example, 
ruffed grouse nest within 
this habitat type and use it 
to escape from predators 
(Dessecker and McAuley 
2001). Therefore, the 
presence of  at least some 
Competitive Exclusion 
stage forest stands should 
contribute to overall 
biodiversity in terms of  
wildlife species abundance 
and distribution (refer to 
Table 3-20).

UNDERSTORY DEVELOPMENT 
Overall wildlife use of  the Understory Development 
stage is low. Johnson and O’Neil (2001) identified 
only six species closely associated with this stage 
(the same number as Competitive Exclusion): 
masked shrew, silver-haired bat, big brown bat, 
Townsend’s chipmunk, and porcupine. The bat 
species use this habitat only for foraging, where they 
are known to fly above the tree canopy to feed on 
insects (Nagorsen and Brigham 1993; Brown 1985). 

BIOMASS ACCUMULATION 
Biomass Accumulation forest stands contain 
relatively large diameter trees (at least 15 trees over 
30 inches in diameter per acre) spaced sufficiently 
to allow rapid growth. This stage is often created 
through commercial thinning of  Understory 
Development stage stands that have returned to 
high canopy closure conditions and in which a 
well-developed understory may be lacking, at least 
initially. Johnson and O’Neil (2001) listed 11 species 
closely associated with this development stage, 
although many of  the species require remnant 

Variable retention harvesting 
creates temporary edges 
between stands of different 
ages. Edges are considered 
“abrupt” or “hard” when the age 
difference is great between 
stands, or gradual or “soft” 
when the age difference is 
less (DeGraaf 1992, Payne 
and Bryant 1994). Edges 
created by variable retention 
harvests are initially abrupt, 
and as stands regenerate 
they become “soft,” and 
then nonexistent as contrast 
between the two age classes 
diminishes. (Manolis and 
others 2002)
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snags to be present for breeding. These include 
long-legged myotis, Vaux’s swift, and the pileated 
woodpecker. Many of  the existing stands in the 
Biomass Accumulation stage lack large snags, which 
these species need. Trees in this stage are sufficiently 
mature to produce large cone crops, food for 
seed eating wildlife such as red crossbill, Douglas’ 
squirrel, and Townsend’s chipmunk (Adkisson 1996; 
Chapman and Feldhammer 1982). Larger crowns 
and crown growth in this stage likely support use 
by needle-eating wildlife, including the blue grouse 
(Cade and Hoffman 1990).

NICHE DIVERSIFICATION AND FULLY 
FUNCTIONAL
Numerous studies have shown that many species 
require structurally complex forests for some or 
all of  their life history requirements (summarized 
in Zobrist and Hinckley 2005). Key elements of  
structurally complex forests include large live and 
dead trees (snags) and coarse woody debris of  
various sizes and conditions (DNR 2004); multiple 
vertical canopy layers (for example hemlock, vine 
maple) and within-stand diversity (patches of  larger 
trees and small openings) and a diverse understory 
of  tree and shrub species of  varying sizes and 
shapes.

More species require structurally complex forest 
stages for breeding than any of  the other stand 
development stages. Brown (1985) listed 70 species 
in western Washington and Oregon that primarily 
use structurally complex forests for breeding. Based 
on habitat associations presented in Johnson and 
O’Neil (2001) and distribution maps prepared by 
Cassidy and others (1997), 23 species that breed 
within the planning unit are closely associated 
with Niche Diversification and 28 with Fully 
Functional forest stand development stages. Species 
that primarily use structurally complex forests as 
breeding habitat are listed in Table 3-20.

How Does DNR’s Management Affect 
Wildlife Habitat?
One of  DNR’s long-term management goals is to 
provide a diversity of  stand development stages to 
support a broader diversity of  wildlife species at a 
landscape or ecoregional scale (DNR 1997, 2004, 
2006a).

TIMBER HARVESTING
DNR manages for specific wildlife habitats and 
specific forest conditions through the combination 
of  silviculture and landscape management strategies, 
as described in Appendix F of  the Final EIS for 
Policy for Sustainable Forests (DNR 2006a) and the 
1997 Habitat Conservation Plan (HCP). Silvicultural 
techniques include variable retention harvests and 
thinning treatments, which have been developed by 
DNR staff  (Holmberg and others 2007) from the 
forestry literature (Franklin and others 2002; Carey 
and others 1995). Refer to the Sustainable Harvest 
Final EIS (2004) for more information.

Timber harvesting activities change forest stand 
conditions and may alter the wildlife species 
composition associated with them (refer to Table 
3-24). Timber harvesting can also fragment forested 
wildlife habitat by increasing edge and the related 
edge effects, and these have been shown to have 
negative impacts to ground nesting birds (Manolis 
and other 2002).

ROADS
Roads can result in increased habitat fragmentation 
in core forest areas and a greater amount of  edge 
habitat (Miller and others 1996; Reed and others 
1996). Whenever forest roads are built, changes 
in habitat are likely, which can lead to changes in 
wildlife populations (Lyon 1983). Andrews (1990) 
hypothesized that effects of  traffic noise on wildlife 
include hearing loss, increase in stress hormones, 
altered behaviors, interference with communication 
during breeding activities, and sensitivity to different 
frequencies (Reijnen 1995; Reijnen and others 1995; 
Wasser 1997). Roads also provide a conduit for 
people to enter the forest (refer to Roads, p. 82). 
Proposed road locations may need to be altered 
to avoid wildlife habitat, such as balds, caves, talus 
slopes, and other habitats. Restricting timing of  
road building may be needed, especially during the 
breeding season of  sensitive species.

RECREATION
A review of  166 journal articles by Boyle 
and Samson (1985) found that 81 percent of  
articles implied negative affects to wildlife from 
recreational activities (Knight and Cole 1995). 
Recreation impacts wildlife through death of  the 
individual or by changes to behaviors, vigor, or 
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Table 3-24. Effect of Timber Harvesting on Wildlife

Harvest Type Duration Adverse Impacts Beneficial Impacts

Regeneration 
Harvest

Short-term

Eliminates habitat for many species using 
the forested stand being harvested. 
Significance depends on stand conditions 
prior to harvest.

Noise may cause wildlife to leave the 
immediate area, including deer, elk, and 
bear.

Physical disturbance from yarding can 
reduce shrub layers and habitat for 
ground-associated species. 

Possible direct mortality (unintentionally 
cutting down a nest tree).

Immediately opens stand and promotes shrub 
growth, supporting foraging habitat for many 
species (see Table 3-14) under Ecosystem 
Initiation. 

Produces breeding habitat for reptiles that 
are rare or absent in other stand stages. 
Leave trees provide perches for olive-sided 
flycatchers, red-tailed hawks, and great 
horned owls. 

Wildlife trees provide habitat for cavity-
nesting birds such as woodpeckers.

High-contrast edge supports species such as 
western screech owl and accipiter hawks.

Created and retained snags and coarse woody 
debris support cavity-nesting birds, small 
mammals, and amphibians.

Long-term

Reduces or eliminates wildlife species that 
require mature overstories, such as hermit 
warblers, northern flying squirrels, and red 
tree voles.

Legacy trees and leave patches will eventually 
support species that require large trees 
and snags, such as brown creeper, pileated 
woodpecker, and many species of bats.

Thinning Harvest

Short-term

Noise and activity may cause wildlife to 
leave the area.

Physical disturbance can reduce shrubs 
and associated habitat for birds.

Potential removal of snags for worker 
safety reduces habitat for cavity-nesting 
birds.

Possible direct wildlife mortality caused by 
unintentionally cutting down a nest tree.

Opens stand to provide space for forest birds, 
such as sharp-shinned and Cooper’s hawks. 

Variable density thinning can create openings 
used by many types of wildlife that forage 
within Ecosystem Initiation stage stands.

Dead and down wood created and retained 
within legacy patches provides hiding 
or nesting cover for amphibians, small 
mammals, and insects.

Long-term
Tree removal reduces habitat for species 
that require denser stands, such as blue 
grouse.

Encourages development of large trees that 
are necessary components of structurally 
diverse stands, eventually supporting 
breeding habitat for woodpeckers, bats, and 
other species.

Increases structure and remnant cohorts 
for long-term increase in wildlife diversity 
and abundance. Trends move toward older-
forest conditions and associated wildlife 
communities.

productivity. This impact to individuals can, in 
turn, influence population distribution, abundance, 
and demographics potentially altering community 
species composition (Knight and Cole 1995).

DNR is currently assessing areas with high 
recreation use for its compatibility with known 
wildlife species or their habitats that occur in the 
areas. Recreation could potentially be moved or 
limited in sensitive areas identified through this 
process. 
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Additionally, recreational activities can result 
in wildlife leaving or avoiding areas of  high 
recreational use such as campgrounds, trailheads, 
parking areas, and roads. Deer, elk, and bear are 
known to avoid areas of  high human use, although 
deer and elk can forage along roads, particularly 
at night and in the early morning, when human 
use is low (Gains and others 2003). Off-road 
vehicles generate loud noises, and many types of  
wildlife avoid off-road vehicle trails (Stokowski 
and LaPointe 2000). Deer and elk are known to 
become habituated to regular, non-threatening 
disturbances such as a passing car, although heavily 
hunted populations may be more wary (Freddy 
and others 1986). However, wildlife are more 
vulnerable to disturbance at certain times of  the 
year, such as when birthing, or certain times of  the 
day, such as feeding (Knight and Gutzwiller 1995). 
Motorized access can increase hunting pressure 
and associated mortality. 

Birds and other wildlife may be disturbed by 
habitat modifications when recreational areas are 
created. Road building and harvesting activities, 
as well as the creation of  parking lots, picnic 
areas, and campgrounds can fragment habitat and 
increase edge. Presumably, forest fragmentation 
caused by recreation has the same negative impacts 
as fragmentation caused by other management 
activities. Even recreational areas that preserve 
mature (overstory) trees can have a significant 
influence on the structure of  forest vegetation. 
For example, small shrubs and trees in the forest 
understory are often removed, which may limit the 
nesting and foraging opportunities for some bird 
species (Rohrbaugh 2000). 

Marbled Murrelets
The marbled murrelet (Brachyramphus marmoratus) 
is a small, dove-sized seabird in the Alcidae family. 
They are unique among alcids because they nest 
on the large moss-covered limbs and mistletoe 
brooms of  trees in Pacific coastal forests. They are 
a secretive bird that spends most of  its time at sea. 

Why Are Marbled Murrelets Important 
in This Area?
Marbled murrelets were listed as a threatened 
species by the federal government in 1992, 
primarily due to the loss of  older-forest habitat. 
The greatest identified threat to marbled murrelets 
in Washington, Oregon, California, British 
Columbia, and Alaska is the loss of  the quality 
nesting sites which exist primarily in older forests.

Although forested state trust lands in the South 
Puget HCP Planning Unit are likely not significant 
contributors of  marbled murrelet nesting sites, 
they do contribute to the overall distribution of  
the species within its breeding range. 

What Is the Criterion for Assessing 
Marbled Murrelets?
The fundamental biological criterion for 
assessing marbled murrelet conservation 
recommended by the Marbled Murrelet Long-
term Conservation Interdisciplinary Science 
Team were lands supporting a marbled murrelet 
population that is 1) stable or increasing, 2) well-
distributed, and 3) resilient. 

The 1997 Habitat Conservation Plan (HCP) 
required the development of  a conservation 
strategy for the marbled murrelet; however, 
due to a lack of  information on this species, 
DNR implemented an interim conservation 
strategy (DNR 1997, p. IV. 39) until a long-term 
conservation strategy could be created. 

What Are the Indicators for Assessing 
Marbled Murrelet Conditions?
A determination for identifying the indicators 
for marbled murrelets will come out of  the long-
term conservation strategy being developed. This 
is a separate process which involves the Federal 
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Services and is beyond the scope of  this planning 
effort. However, when the long-term conservation 
strategy is completed, it will be applied to this 
planning unit.

What Are the Current Conditions for 
Marbled Murrelets?
A small number of  marbled murrelets is believed 
to use forested state trust lands in the South 
Puget planning unit. Off-shore populations of  
marbled murrelets are extremely low, indicating 
that the probability of  inland detections is also low 
within this planning unit as is substantiated by low 
detection rates on adjacent non-DNR managed 
lands. In 2007, radar surveys were completed on 
forested state trust lands with some areas showing 
potential use by the species (Cooper and others 
2007). DNR has assessed 6,000 of  8,000 acres of  
potential marbled murrelet habitat since 2007. Of  
the 6,000 assessed acres within the planning unit, 
there are 579 acres of  occupied habitat, 354 acres 
of  suitable habitat, and 4,469 acres determined 
unsuitable and released for management activities. 
The occupied and suitable habitat will be deferred 
from harvest and buffered. The 2,000 acres yet to 
be assessed will be treated as if  occupied until the 
assessment is complete.

How Does DNR’s Management Impact 
Marbled Murrelets?
DNR has identified suitable habitat on forested 
state trust lands within this planning unit that is 
deferred from harvest activities except for certain 
special circumstances for road building or yarding 
corridors, as described in South Puget Planning 
Unit Interim Marbled Murrelet Conservation 
Strategy (refer to Appendix N). 

TIMBER HARVESTING AND ROAD BUILDING
Timber harvesting and road building can lead to 
forest fragmentation. The USFWS in its listing 
decision believed that forest fragmentation by 
timber harvesting increased edge effects, especially 
predation, which results in reduced nesting success. 

Northern Spotted Owl
The northern spotted owl (Strix occidentalis caurina) 
is a medium-sized, nocturnal bird with white 
mottling on the body and abdomen (Johnsgard 
1988; DNR 1997). The chest and head have white 
spots on them, making the bird distinguishable 
from its close relative the barred owl (Strix varia), 
which has vertical barring on its chest. Northern 
spotted owls inhabit structurally complex forests 
from southwest British Columbia through 
the Cascade Mountains and coastal ranges in 
Washington, Oregon, and California (Forsman 
and others 1984; Gutiérrez and others 1984; Allen 
and Brewer 1985). It is an indicator species of  
forest ecosystem health, reliant predominantly 
on northern flying squirrels (Glaucomys sabrinus) 
for food, which in turn, rely on truffles and 
other fungal fruiting bodies associated with late-
successional western hemlock and Douglas-fir 
forests in the Pacific Northwest (Carey and others 
1992). Refer to the 1997 Habitat Conservation Plan 
(p. lll.1 to lll.22) for a more complete description 
of  northern spotted owl biology.

STATUS OF NORTHERN SPOTTED OWLS 
The northern spotted owl has been listed as 
threatened under the federal Endangered Species 
Act (ESA) since 1990. A scientific evaluation 
which summarized the status of  owl populations 
for the USFWS 5-year status review stated, “In 
general, northern spotted owl populations are 
exhibiting strong declines in the northern portion 
of  their range in Canada, Washington, and parts 
of  Oregon, while populations in the southern 
portions of  their range are generally stable. 
Declines in Washington appear to be driven by 
decreased adult survivorship.” (Courtney and 
others 2004)

The major threats to northern spotted owls include 
loss of  habitat from past management activities, 
disturbances such as fire, and ongoing habitat loss 
as a result of  timber harvest on non-federal lands 
(Courtney and others 2004). Recently, competition 
with barred owls has been identified as another 
major threat (Courtney and others 2004; Gutierrez 
2006; Olson and others 2004). 

N
o

rth
ern

 Sp
o

tted
 O

w
l



108								                         Washington Department of Natural Resources

Why Are Northern Spotted Owls 
Important to DNR?
DNR’s 1997 Habitat Conservation Plan committed 
to managing certain forested state trust lands in 
order to “provide habitat that makes a significant 
contribution to demographic support, maintenance 
of  species distribution, and facilitation of  dispersal” 
(DNR 1997). 

Demographic Support—Refers to the 
contribution of  individual territorial spotted owls 
or clusters of  spotted owl sites to the stability and 
viability of  the entire population (Hanson and 
others 1993, p. 11). 

Maintenance of Species Distribution—Refers 
to supporting the continued presence of  the spotted 
owl population in as much of  its historic range as 
possible (Thomas and others 1990, p. 23; USFWS 
1992, p. 56). 

Dispersal—Refers to the movement of  juvenile, 
sub-adult, and adult animals (spotted owls) from 
one sub-population to another. For juvenile 
spotted owls, dispersal is the process of  leaving the 
natal (birth) territory to establish a new territory 
(Forsman and others 2002; Miller and others 1997; 
Thomas and others 1990, p. 303).

DISPERSAL MANAGEMENT AREA 
DESIGNATIONS
The conservation strategy outlined in the 1997 HCP 
defined dispersal management areas and is intended 
to provide habitat, in strategic areas. The strategy is 
also intended to create a landscape in which active 
forest management plays a role in the development 
and maintenance of  the structural characteristics 
that constitute such habitat (DNR 1997).

Approximately half  (78,047 acres) of  the forested 
state trust lands identified for dispersal management 
in the 1997 HCP are within this planning unit. 
There are also two areas (refer to Map 3-5) 
designated as nesting, roosting, and foraging 
management areas (approximately 2,419 acres). 

NORTHERN SPOTTED OWL DISPERSAL
Dispersal is facilitated by providing forests with 
adequate food, cover, and flying space for owls as 
they travel between their natal area and suitable 
unoccupied habitat (DNR 1997). When juvenile 

owls disperse (or leave) their natal territories, they 
experience a transience phase that is characterized 
by extensive and rapid movement through an area 
(Greenwood 1980; Miller and others 1997). Miller 
(1989) observed that juveniles moved an average 
of  0.75 mile (1.2 kilometers) per day. Forsman and 
others (2002) estimated average daily movements 
during the transience phase at between 0.44 to 0.87 
mile (0.7 and 1.4 kilometer) per day. 

After a few months of  the transience phase, most 
northern spotted owls experience a colonization 
period. During this time, they settle for a short while 
in areas over a winter before trying to establish 
a permanent territory (Miller and others 1997; 
Forsman and others 2002). During the colonization 
period, Forsman and others (2002) estimated 
average daily movements to be between 0.25 to 0.37 
mile (0.4 and 0.6 kilometer) per day. 

FACTORS IMPORTANT TO DISPERSING 
NORTHERN SPOTTED OWLS
Buchanan (2004) discussed five factors, previously 
hypothesized by Carey (1985), that affect the success 
of  northern spotted owl dispersal: 1) amelioration 
of  heat stress, 2) prey abundance, 3) prey availability, 
4) predation risk, and 5) ecological adaptation. 
These factors influence the three dispersing 
activities of  northern spotted owls: 

Movement— Can an owl travel from one patch 
of  habitat to another without being predated upon? 
(Forsman 2002; Miller and others 1997)

Roosting— Is an owl able to perch for resting, 
heat regulation, and hunting? (Forsman 1976, 1980; 
Barrows and Barrows 1978; Barrows 1981; Forsman 
and others 1984) 

Foraging— Can an owl display hunting behavior? 
Are prey species abundant and available? (Forsman 
and others 1984, 2004; Gutiérrez and others 1995; 
Solis and Gutiérrez 1990).

DNR’S 1997 HABITAT CONSERVATION 
PLAN DISPERSAL HABITAT DEFINITION
When DNR entered into the 1997 HCP, there was 
limited published scientific information on the 
habitat needs of  dispersing northern spotted owls. 
At that time, DNR developed a set of  minimum 
requirements that must be met in forest stands 
for dispersing owls, with the understanding that 
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Map 3-5.  Northern Spotted Owl Dipersal Management Areas
	 Map by Rebecca Niggemann  05/05/08

0 5 10 Miles

Dispersal Management Areas in the South Puget Planning Unit
For a description of  the areas highlighted on the map, see Appendix G.
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the definition would be modified in the future as 
new information became available. The 1997 HCP 
definition, described in Text Box 2-2, focused on 
providing cover for dispersing owls. 

What Are the Criteria for Northern 
Spotted Owl Dispersal Habitat?
Congress passed the Endangered Species Act (ESA) 
in 1973 recognizing that our rich natural heritage 
is of  “esthetic, ecological, educational, recreational 
and scientific value to our nation and its people” 
(ESA 1973). The purpose of  the ESA is to protect 
and recover imperiled species and the ecosystems 
upon which they depend. The law’s ultimate goal 
is the recovery of  the species. DNR’s conservation 
objective for the northern spotted owl supports this 
recovery effort by providing habitat that makes a 
significant contribution to demographic support, 
maintenance of  species distribution, and facilitation 
of  dispersal (DNR 1997). 

What Are the Indicators for Assessing 
Dispersal Habitat? 
AREA MEETING NORTHERN SPOTTED OWL 
DISPERSAL HABITAT CONDITIONS OR 
BETTER
DNR uses a range of  spotted owl habitat definitions 
to track habitat conditions in areas designated for 
northern spotted owl management. The majority 
of  the definitions come from DNR’s 1997 HCP 
and include Dispersal, Young Forest Marginal, 
Sub-mature, Type A, Type B, and High-quality 
Nesting (DNR 1997, p. IV. 11 and Glossary). Two 
additional habitat types are included as part of  
this environmental analysis: movement, roosting, 
and foraging (MoRF) and South Puget Movement 
conditions (refer to Chapter 2, p. 30 for definitions). 

Examining the proportions of  the landscape that 
are classified in these habitat designations is a way to 
assess the forests’ ability to support dispersing owls.

AREA SUPPORTING NORTHERN 
SPOTTED OWL DISPERSAL LIFE HISTORY 
REQUIREMENTS
Forest stands are beneficial for dispersing northern 
spotted owls if  they support one or more of  their 
three life history requirements: movement, roosting, 
and foraging. 

Movement—Forest stands that benefit movement 
ability must have canopies closed enough to allow the 
northern spotted owls to be protected from predation. 
These stands must also have adequate flying space 
available, which is achieved by canopy lift (tree limbs 
off  the ground) and tree densities low enough to not 
impede flight (Appendix G, NSO-DAT Workshop). 

Roosting—Forest stands that benefit roosting 
ability must have adequate tree height for roosting 
opportunities, multiple tree and shrub layers for owls 
to move up and down in the canopy, and a deep 
enough canopy to provide a thermal buffer (more 
insulation) against temperature extremes and more 
protection from predation (Appendix G, NSO-DAT 
Workshop). 

Foraging—Forest stands that benefit foraging 
ability must have adequate prey abundance, which 
depends on the amount of  snags and coarse woody 
debris. Multiple vertical canopy layers make prey 
more available to owls by providing hunting perches 
and a more heterogeneous (varied) forest, which 
make catching prey easier (Appendix G, NSO-DAT 
Workshop).

All three of  these life history requirements allow 
flying space and protection from predators, which 
are achieved by adequate forest species composition 
and canopy closure. The percent of  the landscape 
achieving one or more of  these life history 
requirements over time can be used to assess the 
forests’ ability to support dispersing owls.

FRAGMENTATION AND HABITAT 
CONNECTIVITY 
Natal and breeding habitats are likely impacted 
by forest fragmentation once a certain amount 
of  forested habitat is lost (Courtney and others 
2004). Forsman and others (2002) did not report 
that juvenile or adult dispersing owls cross large 
segments of  unsuitable habitat such as the non-
forested Willamette, Rogue, and Umpqua valleys, or 
large bodies of  water. Courtney and others (2004) 
suggest that fragmentation could impact the rates of  
recolonization, reduce dispersal opportunities, and 
create a lower gene pool flow within and between 
populations. 

Comparing habitat connectivity over time assesses 
the landscape’s ability to facilitate dispersal of  
northern spotted owls.
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ACRES HARVESTED IN EXISTING 
NORTHERN SPOTTED OWL CIRCLES
Owl circles encompass a 1.8-mile radius around 
a known northern spotted owl site center. These 
circles were classified by a status numbering 
system of  one to four (USFWS 1991, 1992). 
Within the planning unit, there are three Status 
One (reproductive) circles that fall partially onto 
forested state trust lands managed for dispersing 
owls. Because of  current concerns for northern 
spotted owl declines in Washington (USFWS 2004), 
management activities in the first decade in Status 
One owl circles will be reported. 

What Are the Current Conditions for 
Dispersal Management Areas?
FOREST CONDITIONS
Past timber management activities in the planning 
unit have resulted in forest conditions dominated 
by Competitive Exclusion and Understory 
Development stages (refer to Forest Conditions, 
p. 43). These overstocked and structurally simple 
stands are difficult for owls to fly through and 
contribute little to foraging and roosting habitat. 

The current dispersal definition for northern 
spotted owls (Text Box 2-2) does not target forest 
stand conditions that provide roosting or foraging 
opportunities for dispersing owls because there is 
no requirement for structural complexity, snags, and 
coarse woody debris. In addition, there is no upper 
threshold limit on the number of  trees per acre, 
which can result in stands that are too over-stocked 
(dense) for owls to fly through, thereby affecting 
movement. 

Buchanan (2004) compared various existing 
habitat conservation plans that were negotiated for 
managing northern spotted owl dispersal habitat, 
including DNR’s 1997 HCP. He concluded that 
the proposed strategies rely on habitat definitions 
that do not provide habitat attributes important for 
dispersing owls thus resulting in mortality due to 
starvation or predation. 

Overstocked forest stands offer little benefit 
to wildlife (Johnson and O’Neil 2001). Stand 
development stages do not change quickly in the 
absence of  disturbance such as fires, windstorms, 
or harvesting; stands may persist in one stage 

for several decades (Carey 2007). (Refer to Text 
Box 3-2). Carey (1995) and Carey and Johnson 
(1995) found these closed-canopy stands devoid 
of  exploitable prey populations due to the lack of  
legacy (old-growth) trees. Refer to Chart 3-1 for 
current forest conditions by forest stand development 
stage. 

DISPERSAL MANAGEMENT AREAS
There are currently three dispersal management 
areas in this planning unit: Black Diamond, Elbe 
Hills, and Tahoma (refer to Map 3-5).

HABITAT WITHIN DISPERSAL 
MANAGEMENT AREAS
Each forest stand is currently classified based on its 
structural characteristics into one of  these habitat 
types: high quality nesting habitat, Type A, Type 
B, sub-mature, young forest marginal, dispersal, 
and non-habitat (DNR 1997) (Refer to Box 2-2 
for definitions). Within each designated dispersal 
management area, a spotted owl management unit 
(SOMU) is defined and used to track the current 
amount of  owl habitat. WAUs were previously used, 
but SOMUs replaced them; WAUs were difficult 
to track because their boundaries were updated 
regularly. The WAUs were renamed SOMUs to 
avoid confusion with the existing WAU GIS layer; 
throughout the remainder of  this section, they will 

Table 3-25. Estimated Current Dispersal or Higher 
Quality Northern Spotted Habitat as a Percentage 
of Designated Forested State Trust Lands in Each 
SOMU/WAU*

SOMU/WAU Name
Dispersal or Higher Habitat

DNR Forest 
Inventory Data 

Estimate

Woodstock 
Model 

Estimate
Ashford 42% 47%
Busy Wild 50% 46%
Big Catt 37% 54%
Grass Mountain 39% 36%
Mineral Creek 30% 31%
North Fork Green 48% 50%
North Fork 
Mineral 40% 53%

Pleasant Valley 
Dispersal 29% 45%

Reese Creek 63% 59%
*Source: DNR 2009
The difference between DNR Forest Inventory estimates and Woodstock modeled 
habitat levels results from: 1) forest stratification that may place some stands in a 
forest strata are estimated to be habitat but are not actually habitat on-the-ground, 
and 2) the model estimate reflects that some harvest treatments (i.e. variable density 
thinning) will result in northern spotted owl habitat conditions post-harvest, which is 
not reflected in the DNR Forest Inventory estimates.
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be referred to as SOMU/WAU. The 1997 HCP 
states that dispersal habitat should be maintained 
on 50 percent of  DNR-managed lands selected 
for a dispersal habitat role. The 50 percent goal 
is measured at the SOMU/WAU level to ensure 
there is an adequate distribution of  habitat across 
all dispersal management areas. Table 3-25 lists 
the SOMU/WAUs and the estimated current 
percentages of  suitable habitat in each. 

What are the Current Conditions 
for Nesting, Roosting, and Foraging 
Management Areas?
There are currently two nesting, roosting, and 
foraging management areas in the planning unit (refer 
to Map 3-5). The Pleasant Valley nesting, roosting, 
and foraging management area adjoins USFS land 
designated as a late successional reserve. The Green 
Mountain (also called Far Out) nesting, roosting, 
and foraging management area is surrounded by 
USFS and City of  Tacoma lands and is managed for 
northern spotted owl habitat by city-owned Tacoma 
Water. 

Does the Federal Northern Spotted 
Owl Recovery Plan Apply to Forested 
State Trust Lands?
Federal recovery plans are not regulatory documents 
and do not impose any restrictions on DNR-managed 
lands. The northern spotted owl final recovery plan 
(USFWS 2008) relies on federal lands to provide 
the largest forestland contribution for spotted owl 
recovery. Non-federal lands are expected to provide 
demographic support to core owl populations and 
to ensure connectivity with federal lands. In western 
Washington, the federal government’s recovery plan 
identifies several areas outside federal lands, called 
conservation support areas (CSA). They “are expected 
to increase the likelihood that spotted owl recovery is 
achieved, shorten the time needed to achieve recovery, 
and/or reduce management risks associated with the 
Recovery Strategy and Actions” (USFWS 2008, p. 90). 
Two conservation support areas are delineated in the 
planning unit: Mineral (WCSA-04) and I-90 (WCSA-
05). All forested state trust lands within or adjacent 
to these conservation support areas are designated 
as nesting, roosting, and foraging or dispersal 
management areas under DNR’s 1997 HCP. 

How Does DNR’s Management Affect 
Spotted Owl Dispersal Habitat?
TIMBER HARVESTING
In designated northern spotted owl management 
areas, DNR manages forests using a combination 
of  silviculture (refer to Forest Conditions,  
p. 45) and landscape management strategies, in 
designated northern spotted owl management 
areas. These practices are described in Appendix 
F of  the Final EIS for Policy for Sustainable Forests 
(DNR 2006a), the 1997 HCP and a discussion 
of  silviculture used by DNR is incorporated by 
reference from the 2004 Sustainable Harvest Final 
EIS (p. 2-20 to 2-25).

Silvicultural techniques (included in Appendix 
C) include variable retention harvests as well 
as variable density and commercial thinning 
treatments, which are developed by DNR staff  and 
others (Carey and others 1995; Franklin and others 
2002; Holmberg and others 2007). Forest stands in 
earlier stages of  development, such as Competitive 
Exclusion and Understory Development (refer to 
Forest Conditions, p. 45), provide very few benefits 
to northern spotted owls because they lack coarse 
woody debris, large snags, and stand densities 
that allow owls to fly through. In the absence 
of  disturbance such as fires, windstorms, or 
harvesting, forest stands may persist in these stages 
for long periods of  time (Carey 2007). Actively 
managing these closed-canopy stands by removing 
some competition between trees can accelerate the 
creation of  the structurally complex forests needed 
by owls and their prey (Carey 2003b).Therefore, 
within designated northern spotted owl habitat 
areas, forest stands in these stages are either 
enhanced through thinning or replaced over time 
using variable retention harvests. 

Although the current assumption is that forest 
stands receiving these early treatments will develop 
the habitat elements necessary for northern 
spotted owls, the management practices employed 
are relatively new. Studies have not yet shown 
that such stands will be used to the same extent 
by northern spotted owls as older forests that 
developed naturally over time.
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RECREATION 
No studies have been completed to look at the effects 
of  recreation on dispersing northern spotted owls. The 
preliminary results from a study in the Mendocino and 
Shasta-Trinity National Forests found that exposure to 
motorcycle noise significantly increased corticosterone 
levels in male northern spotted owls relative to controls 
(Hayward 2008). Corticosterone is produced when 
animals experience stress (Wasser and others 1997). 
Within the Elbe Hills dispersal management area, 
there are eight trails for off-road and 4×4 vehicles. The 
noise from these trail systems potentially could impact 
dispersing northern spotted owls negatively.

ROADS 
Wasser and others (1997) found that male northern 
spotted owls living within a quarter-mile of  a 
logging road had elevated levels of  corticosterone. 
Females showed no increase in corticosterone levels 
related to road proximity. 

VISUAL STRATEGIES 
Visual strategies of  leaving additional legacy trees 
could benefit northern spotted owls because they 
would eventually develop into a higher number of  
snags and more large, coarse woody debris. This 
development could support higher densities of  prey 
species such as the northern flying squirrel (Carey 
1995). Also, stands with additional legacy trees could 
develop more vertical diversity and improve canopy 
closure (Courtney and others 2004).

CREATION OF OLDER-FOREST CONDITIONS
The 2006 Policy for Sustainable Forests requires 10 
to 15 percent of  each HCP planning unit to be in 
older-forest conditions. The creation of  older-forest 
conditions in a planning unit is expected to have a 
positive effect on northern spotted owls. Research 
indicates that northern spotted owls are strongly 
associated with late successional and old-growth 
forest habitats (DNR 2007, p. III.1). An increase 
in these conditions could increase the quantity and 
quality of  habitat available for spotted owls, especially 
if  targeted within northern spotted owl management 
areas.

LAND TRANSACTIONS 
Recently, the department acquired additional 
forestlands adjacent to current DNR dispersal 
management areas (refer to Land Transactions,         

p. 90). This acquisition enlarged the extent of  forests 
managed by DNR, increasing connectivity between 
lands managed for northern spotted owl dispersal 
and demographic support. 

DNR owns a parcel (east of  the town of  Ashford) 
between the Elbe Hills and Tahoma dispersal 
management areas that is designated for dispersal 
management. It is an important stepping stone 
for dispersing owls. Trading it out of  dispersal 
management could negatively affect the ability of  
owls to move through the area by increasing the 
distance they would have to travel through non-
habitat areas. However, if  this acreage is transferred 
with the condition that it continues to be managed 
under DNR’s 1997 HCP, there would be no 
additional negative effects on the northern spotted 
owl.

Air Quality
Air quality is the status of  the atmosphere in respect 
to potential pollutants such as sulfur dioxide (SO2), 
nitrogen dioxide (NO2), carbon monoxide (CO), 
carbon dioxide (CO2), suspended particulates, and 
ground-level ozone (O3)(Government of  Alberta 
2006). 

Why Is Air Quality Important?
Clean air is essential to humans, animals, and plants 
for existence. In addition to damaging the natural 
environment, air pollution also damages buildings. 
Unclear air (smog) can also have economic impacts 
by causing illnesses, thus reducing the number of  
days people can work. The environmental effects 
of  smog can reduce the productivity of  forests and 
crops (EPA 2007). 

AIR CONTAMINATION 
Many sources of  air contamination impact the 
planning unit. As noted in Chapter 1, the planning 
unit is the most highly populated area of  the state, 
with over 50 percent of  the landscape supporting 
urban environments. With such a high density of  
people in the region, it should be no surprise that 
the most common form of  air contamination comes 
from motor vehicle fumes (EPA 2007), and that as 
much as 50 percent of  the overall greenhouse gas 
emissions are from transportation (Ecology 2008d). 
This pollution is mostly composed of  hydrocarbons, 
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an organic compound of  hydrogen and carbon 
which is commonly found in petroleum products, 
coal, and natural gas (National Safety Council 2005). 
In addition to this major contributor, industrial 
process losses, industrial fuel use, home heating, and 
refuse disposal add to air degradation (EPA 2007; 
DNR 2004).

NATURAL FACTORS 
In areas west of  the Cascade Mountains, the 
most common effects to air quality are caused 
by topography and climate. The Puget Sound is 
especially susceptible to natural conditions that 
periodically cause air pollutants to accumulate. High 
moisture levels, stable atmospheric conditions, and 
fog all contribute to the ability of  the air to hold 
contaminants in the lower part of  the atmosphere 
(DNR 2004). Although higher moisture levels in 
the air can hold larger amounts of  particulates, 
precipitation and the air turbulence it causes can 
dissipate these contaminants. The local and regional 
wind patterns allow these contaminants to move 
relatively long distances, although they often are 
rapidly dispersed. 

Cold weather in the late fall and winter is the 
most common time to notice higher levels of  
contaminants in the air, when a layer of  warm air 
traps pollution closer to the surface in an inversion 
layer. When the air is relatively stable, contaminants 
are generally very concentrated near the source. 
Under clear skies, light wind, and sharp temperature 
inversions, these conditions are most obvious. Air 
pollution is usually removed within a few days 
by either wind or rain (Parsons and Brinckerhoff  
2005).

What Are the Criteria for Determining 
Air Quality?
The chief  criterion is to ensure that all forest 
management activities (burning, hauling, harvesting, 
and processing) meet federal Clean Air Act standards 
for ambient air quality. The Clean Air Act has 
been in place since 1970 and the Environmental 
Protection Agency (EPA) has set national standards 
in accordance with the best available science. 

As standards have remained static at the national 
level, in recent years many states have set higher 
standards to reduce emissions. As an agency, DNR 

will comply with any new standards developed 
at both state and national levels. Ecology (2006) 
is pushing for a major movement to improve air 
quality by reducing diesel exhaust in the air and 
sulfur content in current fuels.

The Governor’s Climate Change Framework 
legislation19, 20 will require certain entities to report 
carbon emissions from motor vehicle fleets that 
exceed a certain threshold (5,511,500 pounds of  
carbon per year) by 2010.

What Are the Indicators for Assessing 
Air Quality?
For the purpose of  this EIS, the main indicator 
of  air quality from forested state trust lands is an 
estimate of  overall carbon dioxide (CO2) emissions 
using the number of  trips and the amount of  diesel 
fuel used per trip to haul the timber extracted from 
forested state trust lands. As described in Chapter 4 
(p. 197), through a simple equation, these values can 
estimate carbon dioxide emissions and they can be 
compared to state and national standards. 

What Are the Effects of DNR’s 
Management on Air Quality?
There are three primary adverse effects of  forest 
management to local and regional air quality: 1) 
sulfur dioxide (SO2) and nitrogen dioxide (NO2) 
from trucks, logging equipment, and forest product 
manufacturing; 2) airborne dust from logging and 
hauling; and 3) the smoke from prescribed burning. 
These effects are commonly linked to climate 
change and are further discussed in the section on 
p. 115.

POLLUTANTS GENERATED BY TRUCKS, 
LOGGING EQUIPMENT, AND FOREST 
PRODUCT MANUFACTURING
Trucks, skidders, loaders, splitters, and even 
chainsaws use fuels that release high amounts of  
sulfur dioxide and nitrogen dioxide into the air and 
contribute to elevated levels of  greenhouse gases. 
In addition, the facilities that manufacture forest 
products are often run by burning wood waste fuels. 
Beyond releasing sulfur dioxide and nitrogen dioxide 
into the atmosphere, burning woodchips releases 
carbon in the form of  hydrocarbons and carbon 
monoxide, increasing the probability of  smog and 
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global warming. The use of  diesel fuels also releases 
large amounts of  macroscopic particulate matter 
into the air.

As of  2003, 2,796 logging trucks were registered 
in Washington and operated on both forest roads 
and highways (Lyons 2003). Trucks that travel on 
both paved and unpaved roads are often considered 
heavier duty vehicles and are built for higher 
performance than other on-road vehicles. Their 
engines do not use fuel as efficiently and are likely to 
have a longer life span (Ecology 2006).

Diesel engines release large amounts of  
macroscopic particulate matter into the air and no 
reported oxidation catalysts and diesel particulate 
filters are available that could be retrofitted to these 
vehicles to reduce air pollution (Lyons 2003). Other 
methods to reduce diesel exhaust would require 
that trucks be maintained properly; use low sulfur 
fuels; and not idle for extended periods. Access to 
low sulfur fuels should not be a problem for logging 
trucks that haul logs on paved roads, but off-road 
vehicles used at more remote sites may have limited 
access to these fuel types (Lyons 2003). Newer 
equipment and engines are built to burn fuel using 
cleaner methods and so, if  possible, old equipment 
should be replaced or new equipment should be 
used more frequently (Ecology 2006).

DUST FROM LOGGING AND HAULING 
In general, the adverse impacts of  airborne dust 
and particulate matter caused from driving on 
forest roads as well as skidding logs are localized 
and short-term. Forest roads produce the greatest 
amount of  airborne dust, which is generally a 
function of  road quantity, quality, and use. In the 
early 1990s, DNR adopted a policy limiting the size 
of  harvest units. Although the smaller unit size has 
many benefits, it has caused an increase in road 
mileage (DNR 2004).

PRESCRIBED BURNING 
Traditionally, prescribed burning was a common 
method of  forest site preparation used to remove 
unwanted vegetation, add nutrients to soil, and 
germinate seeds. These planned fires were also 
used to reduce wildfire risk. In recent years, as air 
quality concerns have increased, prescribed burning 
has become less and less common and now is 
allowed only in very specific conditions. It has been 

replaced with mechanical and herbicidal vegetation 
management. Researchers (Holsapple and Snell 
1996; Running 2006) have found that prescribed 
burning releases large amounts of  smoke and 
particulates into the air, but compared to wildfire, 
its effects seem relatively insignificant. Nearly every 
year since the mid-1980s, the number of  acres 
lost to wildfire has increased, and with three to 
four times the particulate emissions as prescribed 
burning, the latter seems to be the better option 
(Westerling and others 2006). 

DNR may burn 500 to 1,000 acres per decade for 
site preparation and 300 to 1,000 for wildfire risk 
reduction in Washington (DNR 1997), although in 
the past, prescribed burning was rarely used in this 
planning unit for several reasons: fear of  escape, 
high moisture levels, and reluctance to put smoke 
into the Puget Sound basin. For these reasons, an 
estimated value of  less than one percent of  the 
listed acres burned by DNR would be located in this 
area (Keeley, pers. comm. 2008).

How Do Forestlands Improve Air 
Quality?
Forests reduce the spread of  wind-carried 
particulates by trapping them with leaves, branches, 
and stems. Forests also retard wind, causing stagnant 
particulates to drop out of  the air and settle into 
forest soils (DNR 2004).

Global Climate Change 
Climate change (also called global warming) is 
a regional or global-scale alteration in average 
temperature and weather patterns, especially storm 
activity over a time scale ranging from decades to 
centuries. The term refers to both natural- and 
human-caused differences in climate over a long 
period. Current science suggests a link between 
climate change over the last century and human 
activity, particularly the burning of  fossil fuels (NRC 
2006; Karl and others 2006; Intergovernmental 
Panel on Climate Change (IPCC) 2007; PBS 2008). 

Why Is Climate Change a Concern?
Since the late 1980s, scientists have suggested 
a worldwide trend toward global warming, 
demonstrated through changes in patterns of  climatic 
occurrences such as El Niño and La Niña, typhoons, 
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tsunamis, and disturbances like forest fires (Ecology 
2008a). As the science has developed, scientists have 
stressed that climate change has very site-specific 
effects that present both positive and negative 
impacts to the environment and to the cultures and 
economies tied to the resources they produce.  

Researchers (Stewart and others 2005; Hamlet and 
others 2007; Mote 2003; Mote and others 2005; 
Barnett and others 2008; IPCC 2007; Oregon Wild 
2007; McNulty and Aber 2000; EPA 1998; van 
Mantgem and others 2009) predict that a warming 
in the western mountains means more rain during 
winter months, decreased snowpack, earlier snowmelt 
and runoff, and reduced summer flows which 
will consequently lengthen the period of  summer 
drought.

Increased rainfall during winter months may also 
contribute to greater flooding and soil erosion. 
Warmer, drier summers in combination with these 
effects can increase stresses to forests such as 
fire, pests, and disease (EPA 1998). In addition to 
less water in streams and lakes, drier weather and 
increased temperatures could mean drier soils as 
evapotranspiration increases, causing an additional 
threat to ecosystem health. 

The IPCC (2007) also reported the “warming of  the 
climate system is unequivocal,” and it is more than 90 
percent likely that the accelerated warming trends of  
the past half-century are due to human contributions. 
A recent study published in Science (van Mantgem 
and others 2009) reported a temperature increase of  
0.3° to 0.4° C per decade (although debated among 
the scientific community) causing widespread tree 
mortality in the western United States, especially 
in older trees. In the Pacific Northwest, the tree 
mortality rate is one of  the highest in the nation and 
on a trajectory to double in the next 17 years (van 
Mantgem and others 2009) although there most likely 
will be an increase in tree growth and establishment 
at high locations. Scientists are worried about the 
loss of  forest biomass and also the underlying 
implications of  what that change will mean to the 
ecosystems and habitat for species such as marbled 
murrelet and northern spotted owl.

Climate change could move current plant and animal 
communities toward the poles and up to higher 
elevations, but it appears that the rate of  climate 
change will eventually outpace the ability of  some 

species to adapt to changing conditions (Aitken 
and others 2008). As climates have changed slowly, 
species have migrated or adapted—a circumstance 
scientists call species drift (Sherry and others 2007; 
Hanson and others 2001). These drifts could change 
relationships between pollinators, predators, and prey 
as well as other important species interactions (Sherry 
and others 2007). Many species are not able to move 
fast enough and are overtaken by more adaptable, 
non-native species (EPA 1998). For example, in this 
planning unit, the northern spotted owl has specific 
life history requirements for nesting, roosting, and 
foraging within a very small range. Climate change 
models have not projected specific positive or 
negative effects; however, in a worst case scenario, 
these special habitat conditions may be lost and the 
species may be at risk. 

Some studies (O’Neill and others 2008; Aitken and 
others 2008) have supported the idea of  assisted 
seed migration (planting tree seedlings adapted to 
future climates) to help crops move into appropriate 
geographic locations (latitude, longitude, and 
elevation) to maintain similar levels of  productivity in 
the future. 

Running (2006) suggested that earlier snowmelt, 
higher summer temperatures, longer fire seasons, 
and expanded areas of  vulnerable high-elevation 
forests were contributing to larger, more intense 
fires in the west. Forest fires threaten thousands of  
acres of  DNR-managed land annually and contribute 
greenhouse gases into the atmosphere; however, 
very few acres burn annually within this planning 
unit due to seasonally wet conditions (Climate, p. 
53). If  annual temperatures continue to increase, the 
moisture levels of  plants, down woody debris, and 
soils may decrease and frequent disturbances (such 
as forest fires) in this planning unit could become a 
reality.  

What Factors Affect Climate Change?
Several factors affect climate change dramatically. 
The most widely discussed reason is increased 
greenhouse gases in the atmosphere, mostly caused 
by humans. Scientists continue to debate whether 
climatic variability is the primary cause of  climate 
change and if  the change is a cycle in the earth’s life 
similar to former ice ages. For now, scientists have 
determined that a number of  methods may offset 
the effects of  climate change.
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How Do Forestlands Counteract 
the Negative Influences of Climate 
Change?
Forest management is one of  the few human 
activities that can create biological carbon sinks 
to help mitigate the accumulation of  carbon 
dioxide in the atmosphere (Kurz and others 2002). 
Photosynthesis and respiration trap carbon dioxide 
and release oxygen into the atmosphere. Two 
possible ways to increase these carbon catching 
processes could be to increase the forest area or to 
increase carbon density through active management. 
Long-term terrestrial storage of  carbon dioxide 
through carbon sequestration has been hypothesized 
to help reduce the effects of  climate change 
(refer to Carbon Sequestration for more details, 
p. 118). Additional ways forests may counteract 
effects include regulating localized microclimates 
by reducing wind and limiting surface cooling 
which will maintain current species and vegetation 
coverage as discussed above.

What Are Washington State Officials 
Doing to Address Climate Change?
Washington and other western states are 
participating in a federal grant to examine how the 
2.1 million acres of  forested state trust lands and 8.5 
million acres of  private forestland could be used to 
offset the greenhouse gas that comes from vehicles, 
the use of  fossil fuels to generate electric power, 
and other carbon dioxide sources.

The Global Climate Change Initiative (signed 
by President Bush, February 14, 2002) studies 
carbon sequestration, where trees remove carbon 
from the air as part of  their natural biological 
respiration process and store the carbon in the 
wood as standing trees or in the structural lumber 
(refer to Carbon Sequestration, p. 118). As part 
of  this initiative, greenhouse gas emitters would 
purchase carbon credits from owners of  forestland. 
The carbon balance for current management of  
forested state trust lands is thought to be positive 
(more carbon is fixed than is lost) considering the 
carbon in the forest and in structural wood products 
produced from the forest. This is especially true 
when comparing the production of  structural 
materials with the more carbon-intensive production 
of  materials such as steel or concrete (DNR 2004).

In association with the Western Climate Initiative 
and in response to House Bill 281525, DNR teamed 
with Ecology and other state agency representatives 
to create the Forest Sector Workgroup—Climate 
Action Team. The group provided a forum for 
stakeholders to develop proposals for reducing 
greenhouse gas emissions from the forestry sector 
to achieve Washington greenhouse gas reduction 
goals. In addition, the team worked on developing 
a secondary goal—implementing a market-based 
system of  incentives to maintain forestlands 
for carbon storage and develop methods for 
measurement, accounting, and verification for it 
(refer to the Forest Sector Workgroup on Climate 
Change Mitigation Final Report (2008) for more 
information on this topic).

DNR also supports the Taskforce on Adapting 
Forests to Climate Change whose mission is to 
provide public and private managers with science-
based management tactics for different climate 
scenarios for a variety of  objectives. For up-to-data 
information on the taskforce, visit  
http://tafcc.forestry.oregonstate.edu.

In February 2009, the Commissioner of  Public 
Lands launched an effort to create jobs, increase 
renewable energy approaches, and promote 
healthier forests by using woody biomass from our 
state’s forests. Through this biomass initiative, DNR 
has an opportunity to be part of  the climate change 
solution, create jobs, and improve forest health. This 
effort will help bring emerging technologies to the 
marketplace and help establish another positive and 
sustainable use of  our public’s natural resources.

Passed by both the House and the Senate and 
signed by the Governor, legislation authorizes DNR 
to create two pilot programs—one customized 
to eastern Washington and another for western 
Washington—to demonstrate the use of  existing 
biomass conversion technology in the field. DNR 
must report back to the legislature in 2010.

The Governor believes that climate change is one 
of  the greatest challenges Washington will face in 
coming years and all citizens need to work together 
to address it. By using biomass from state forests, 
DNR can create renewable energy and reduce our 
carbon footprint.
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What Are the Current Indicators?
Because climate change is a relatively newly 
accepted science, there are no indicators defined by 
state or national policies or generally accepted in 
the scientific community for measuring the change 
on a small scale such as this planning unit. As DNR 
learns more about the changes that are taking place 
and methods become standardized, DNR will be 
more able to measure the management effects and 
compare them to current or past conditions.

How Does DNR Mitigate for Climate 
Change?
DNR uses several tactics which may help with 
moderate climatic changes. These include 
maintaining genetic diversity within local 
populations; operating breeding, testing, and seed 
selection programs; planting multiple species (not 
necessarily on every acre); and cultivating stands 
with moderate densities.

More aggressive strategies may be considered in the 
future in the event of  more severe climate changes. 
Long-range seed movement may be used as a 
method to overcome temperature changes across 
elevations and latitudes where the local climate has 
changed (van Mantgem and others 2009). This seed 
movement would likely be more beneficial if  the 
same species were planted from a different seed 
source in similar climatic conditions than if  the 
species composition were being changed on the site. 
Changing species outside of  historical mixes can have 
impacts on the ecological interactions in the area. 
Some studies suggest planting at higher densities 
to absorb expected losses; however, if  projections 
were inaccurate, these high densities could increase 
individual plant stresses, decrease forest health, or 
increase thinning costs. Other studies suggest using 
shorter rotations to allow for more rapid changes to 
species composition and choosing appropriate seed 
sources to keep up with changing climate conditions. 

As the scientific community gains more confidence 
in climate modeling and acquires a better 
understanding of  the science of  species interactions, 
DNR will continue to identify new tactics to grow 
and preserve the land it manages. 

Carbon Sequestration
Carbon sequestration is the annual rate of  carbon 
storage in above- and below-ground biomass over 
the course of  one growing season, as carbon is 
biologically converted from a gas (carbon dioxide 
(CO2) to organic compounds in tree fiber.

Carbon dioxide is exchanged between the 
atmosphere and forests in several ways. Through 
photosynthesis and respiration, carbon dioxide is 
absorbed into the plants. After a plant dies, the 
decomposition process releases this carbon dioxide 
back into the atmosphere (Kurz and others 2002).

How Does Carbon Move into Plants?
During photosynthesis, atmospheric carbon dioxide 
enters the plant’s leaves through surface pores, 
called stomata. Within the plant, a chemical reaction 
catalyzed by sunlight takes place: carbon dioxide 
combines with water and creates cellulose, sugars, 
and other materials. Therefore, carbon from the 
atmosphere is trapped in new chemical forms in 
terrestrial plants (Britannica 2009). 

How Is that Carbon Stored?
In general, forest trees store most carbon, up to 
51 percent, in their trunks. The second largest 
storehouse of  carbon in trees is the branches and 
stems at 30 percent, followed by the belowground 
root biomass which holds 18 to 24 percent of  the 
carbon and is usually left when trees are harvested. 
Three percent is stored in the foliage (leaves or 
needles), and there can be a net carbon loss when 
leaves are shed by the tree (McPherson and Simpson 
1999).

Carbon can be stored in standing wood, lumber 
products, soil humus, and decomposing organisms. 
Therefore, removing biomass from a site for a use 
such as building materials prevents the carbon from 
being recycled back into the atmosphere through 
decomposition or other means (McPherson and 
Simpson 1999).

How Long Does Carbon Stay in the 
Environment?
The amount of  sequestered carbon remaining 
in a system depends on factors that include but 
are not limited to tree growth, mortality, species 

C
ar

b
o

n
 S

eq
u

es
tr

at
io

n



South Puget Planning Unit Final Environmental Impact Statement • January 2010					                   119

Figure 3-10. Carbon Movement through the  
Decomposition Cycle

composition, age distribution, structure class, period 
before next harvest, and overall forest health.

Smaller pieces of  wood debris return carbon 
to the atmosphere faster than large ones. 
Mulching, chipping, and burning return carbon 
to the atmosphere rapidly, especially in moist 
environments. Carbon can be held in wood after it 
is cut down so long as it does not decompose; wood 
from conifer trees that is used for building materials 
can survive for around 50 years (on average) before 
gradually decomposing (Norse 1990).

What Is the Best Carbon 
Sequestration Environment?
Healthy, vigorously growing trees will absorb more 
carbon dioxide than diseased or otherwise stressed 
ones (McPherson and Simpson 1999). In recent 
years, scientists have debated whether fast-growing, 
short-lived trees or slow-growing, long-lived trees 
can sequester and maintain more carbon (Kurz 
and others 2002). Although rapidly growing trees 
sequester more carbon dioxide initially than slower 
growing ones initially, the advantage can be lost if  
the fast-growing trees die earlier.

McPherson and Simpson (1999) reported that, as 
long as trees were growing, their rate of  carbon 
dioxide uptake through photosynthesis would be 
higher than their level of  respiration. Therefore, 
more carbon can be sequestered by actively growing 
trees than older trees at other stages.

How Is Carbon Released Again into 
the Atmosphere?
Carbon is released into the atmosphere from 
standing forests in two ways. Burning is the 
most rapid method of  returning carbon to the 
atmosphere. Decomposition occurs much more 
slowly and is the second primary means of  
returning carbon to the air from a standing forest 
(McPherson and Simpson 1999).

How Can We Measure the Benefits of 
Carbon Sequestration?
The USFS 1605(b) Team (led by Richard Birdsey) 
has been working to analyze forest carbon 
sequestration activities since the early 1990s when 
the Energy Policy Act (1992) was adopted. Section 
1605(b) of  that legislation established a voluntary 
reporting program for greenhouse gas emissions 
and reductions and the methods for calculating 
and reporting them. In 2006, a small USFS-staffed 
team updated tables and methods that estimate how 
various carbon components of  forest ecosystems 
change over time (Smith and others 2006). DNR is 
using the methodology and equations from Methods 
for Calculating Forest Ecosystem and Harvested Carbon 
with Standard Estimates for Forest Types of  the United 
States (Smith and others 2006) to develop a carbon 
assessment system for forested state trust lands.    

Does DNR Have a Carbon 
Sequestration Program?
There is no local carbon program currently in 
place, but at a national level, there are tax credits 
and additional benefits to private landowners who 
increase the amount of  carbon their forested lands 
can hold.
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End Notes

1    Chapter 79.09.050 Revised Code of Washington [RCW]

2    Endangered Species Act (1973) P.L. 93-205 - 87 Stat. 884

3    Chapter 222-16-010 Washington Administrative Code [WAC]; 	
      Code of Federal Regulations 230.41a (1); U.S. Army Corps of 	
      Engineers Experimental Laboratory 1987

4    Procedure 14-004-150, Appendix E

5    Procedure 14-004-060, Appendix E

6    Procedure 14-004-060, refer to Appendix E of this EIS

7    Chapter 222-16-050 Washington Administrative Code [WAC]

8    Chapter 222-30-020 Washington Administrative Code [WAC]

9    Chapter 222-16-010 Washington Administrative Code [WAC]

10  Chapter 222-30-070 Washington Administrative Code [WAC]

11  Chapter 222-24-010 Washington Administrative Code [WAC]

12  Chapter 222-24 Washington Administrative Code [WAC]

13  Chapter 79.10.100 Revised Code of Washington [RCW]

14  Unpublished 2004 Inventory and Assessment

15  Chapter 76.06.020 Revised Code of Washington [RCW]

16  Chapter 79.17.200 and Chapter 79.11.010 Revised Code of 		
      Washington [RCW]

17  Chapter 222-16-010 Washington Administrative Code [WAC]

18   Chapter 27.34.020  Revised Code of Washington [RCW]

19  Chapter 27.53.030 Revised Code of Washington

20  Timber/Fish/Wildlife Cultural Resources Committee; FFR 		
      Addendum; 2003 Cultural Resources and Protection Management 	
      Plan, Executive Order 05-05 (Appendix L)

21  Policy 06-001

22  Procedure 14-004-030

23  36 CFR Part 61

24  Chapter 232-12-297 Washington Administrative Code [WAC]

25  E2SHB Section 4(3)(g)
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A
n
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Chapter 4 presents an analysis of  
the environmental impacts for the 
three management alternatives, by 
topic, over the 100-year planning 
horizon. Chapter 4 examines 

whether there are any probable, significant, adverse 
environmental impacts, and mitigation for them. The 
information is presented at either the planning unit 
or individual watershed/Spotted Owl Management 
Unit (SOMU) scale. The chapter focuses on 
assessing how management actions—specifically 
timber harvesting—will impact the elements of  the 
environment. 

Environmental impacts are expected with all 
three alternatives with more substantial effects 
in some watersheds than others. This Final EIS 
is a non-project document, meaning that at this 
level we cannot with certainty say that the actions 
proposed will result in probable, significant, adverse 
environmental impacts that will not be mitigated. 
This analysis describes the impacts using the forecasts 
of  activity levels under the different management 
alternatives at the watershed scale, thereby identifying 
the probable, significant, adverse impacts on the 
environment. Future actions resulting from this 
analysis such as proposed timber sales, road building, 

recreational facilities, and other projects will consider 
additional environmental analysis at the project level 
where necessary. 

Not all topics included in Chapter 3 are found 
in Chapter 4 because measurable or predictable 
information is not available for all criteria and 
indicators. The topics listed in the following section 
were included in Chapter 3 but do not have separate 
sections in Chapter 4.

Older-forest conditions are not discussed 
separately because the stand development 
stages associated with older forests (Niche 
Diversification and Fully Functional) are 
included and discussed as part of  forest 
stand development trends in the forest 
conditions section (p. 122).

Plants are discussed in Chapter 3 in terms 
of  what is currently known and how DNR 
manages areas that are known to contain 
special plants and ecological features. There 
is no program to track these species and 
their abundance/movement cannot be 
predicted, so no analysis was included in 
Chapter 4.

•

•

analysis of effects

Mount Rainier from Eatonville
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Climate presents current conditions and 
trends for western Washington, but the 
long-term impacts of  the three alternatives 
cannot be predicted. 

Forest health is contained in the forest 
conditions section in Chapter 4 since 
their indicators are the same including 
stand density, tree mortality, and species 
composition. 

Land transactions occur infrequently and 
are difficult to predict. A 20,600-acre land 
transaction completed during this EIS was 
analyzed and the analysis is included in 
Appendix J.

Because global climate change is a 
relatively newly accepted science, no 
indicators have been defined by state or 
national policies or generally accepted in 
the scientific community for measuring 
small-scale change.

•

•

•

•

Forest Conditions and 
Management
In Chapter 3, the current forest conditions were 
described in terms of  forest types, forest stand 
development stages, forest stand density (Text 
Box 3-2, p. 49), forest biomass, and timber harvest 
methods. The forest conditions section and the 
indicators contained within it create the foundation 
for other analyses which follow later in this chapter. 

DNR-Managed Lands
The planning unit contains approximately 
3.1 million acres, of  which DNR manages 
approximately 146,000 acres, about five percent 
of  the total land area. Table 3-5 in Chapter 3 
presents the acreage in the planning unit acres 
by land classes: Uplands with General Ecological 
Management (GEMs), Uplands with Specific 
Management Objectives (Uplands), and Riparian 
and Wetlands (Riparian). Table 4-1 lists the 13 
watersheds in which DNR manages at least 
20 percent of  the land base; they represent 
approximately 92 percent of  the land base that 
DNR manages in the planning unit. A breakdown 
of  these watersheds by the above-mentioned land 
classes is contained in Appendix D.
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WAUs ≥ 20 % DNR-Managed Trust Lands Total Acreage Total DNR-
Managed Acreage

Total Forested 
Acres

Percent of Area by 
Watershed

North Fork Mineral Ck. 17,545 13,883 13,166 79%

Reese Ck. 19,011 11,971 11,188 63%

Catt 13,732 6,893 6,469 50%

Kennedy Ck. 23,378 9,227 8,378 39%

North Fork Green 18,446 6,602 6,229 36%

Howard Hansen 46,483 16,499 15,466 35%

Lynch Cove 37,754 11,063 10,205 29%

Mashel 57,043 15,139 14,318 27%

Great Bend 65,531 16,318 15,027 25%

Tiger 40,654 10,092 9,718 25%

Mineral Ck. 21,692 4,761 4,450 22%

East Ck. 20,285 4,052 3,808 20%

West Kitsap 41,879 7,261 6,779 20%

Subtotal (WAUs ≥ 20% DNR ownership) 423,433 133,761 125,201 32%
Total Planning Unit Acres 
(all watersheds)

3,100,000 146,173 5%

Table 4-1. Watersheds (WAUs) with ≥ 20 Percent DNR-Managed Trust Lands
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Harvest Types
In any year, the amount of  timber harvested on 
DNR-managed lands in this planning unit is less 
than two percent of  the total area (146,000 acres). 
Most of  this environmental analysis looks at the 
potential effects of  management on those 146,000 
acres that DNR manages. 

Timber harvesting methods influence forest 
conditions and are analyzed to help explain the 
potential impacts under each alternative. Table 4-2 
shows the projected average differences in acreage 
by harvest types (thinning vs. variable retention 
harvests; refer to Appendix C for treatment 
descriptions). Trends for each harvest type are 
shown by decade in Charts 4-1 and 4-2. 

Table 4-3 presents the total acres 
harvested over the 100-year planning 
horizon. To achieve management 
objectives, some forest stands may 
require multiple thinnings. For 
additional information, refer to What 
Type of  Harvest Methods Does DNR 
Use? (p. 52). Since each entry into a 
forest stand is tallied as a separate 
harvest activity, the number of  
acres harvested appears high when 
compared to the approximately 
146,000 acres in the planning unit. 
The number of  repeated harvest 
entries on the same sites over the 

Alternative Thinning 
Acres1

Maximum 
Acres2

Standard 
Deviation3

Variable Retention 
Acres

Maximum 
Acres

Standard 
Deviation

Total 
Acres

A 5,667 12,495 2,498 12,010 14,651 2,077 17,677

B 5,355 7,775 1,222 10,592 13,691 1,334 15,947

C 6,609 16,652 5,741 11,047 17,513 3,704 17,656

Table 4-2. Average Acres Harvested per Decade by Alternative 

1. Average for all 10 decades
2. Maximum acres harvested in any one decade
3. Calculated from the average of all 10 decades

Alternative Total Harvested 
Acres

Total Harvested Acres 
(WAUs ≥ 20%)

A 176,773 152,835

B 159,471 136,768

C 177,548 151,365

Table 4-3. Total DNR Acres Harvested Compared 
to the ≥ 20 Percent Watersheds (WAUs) over 100 
Years

100-year planning horizon is shown in Charts 4-4, 
Chart 4-5, and Figure 4-2. 

The acreage of  thinning activities (commercial, 
as well as heavy variable density and light variable 
density combined) under Alternatives A and B 
quickly declines and then continues at a steady rate. 
Under Alternative C, thinning acreage declines less 
rapidly, but does so until the ninth decade (Chart 
4-1) a result of  the amount of  thinning needed to 
reduce stand densities and place forest stands on 
a trajectory to achieve specific objectives in the 
Uplands and Riparian areas. This range of  projected 
harvest levels is consistent with harvesting trends 
over the past 10 years. For a discussion of  stand 
density, refer to Chapter 3 (p. 45).

The main purpose of  variable retention harvests 
(Chart 4-2) is to generate revenue; thinnings 
can be done for a variety of  reasons, including 
reducing stand density to enhance habitat 
conditions or placing forest stands on a trajectory 
to become more structurally complex in the Niche 
Diversification and Fully Functional stages (refer 
to Text Box 3-1). For an interpretation of  peaks in 
harvest activity, refer to stand density (p. 45).
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Chart 4-2. Variable Retention Harvest Methods by Alternative 
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Harvest Levels by Land Class
Riparian restoration activities most likely will be 
conducted in conjunction with activities in the 
Uplands and on forest stands less than 70 years of  
age, resulting in lower levels of  harvest activities 
over-time. Further trends are observed when harvest 
levels are broken out by the land classes (GEMs, 
Upland, and Riparian) defined in Chapter 3 (p. 44). 

For GEMs (16 percent of  DNR-
managed lands) the harvest level remains 
relatively constant over each decade for 
all alternatives and affects just under 
four percent of  DNR’s land base in this 
planning unit. 

The Uplands land class contains the 
greatest share (54 percent) of  area in the 
planning unit. The projection of  harvest 
levels for Uplands is approximately 10 
percent per decade. 

In the Riparian land class, which encom-
passes 30 percent of  the DNR-managed 
land in the planning unit, the harvest level 
declines steadily with no harvest activi-
ties occurring after the seventh decade 
as a result of  the implementation of  the 
Riparian Forest Restoration Strategy (Bigley 
and Deisenhofer 2006). Refer to harvest 
activities in Riparian (p. 139) for additional 
information. Alternative C is projected to 
have the highest impact in the Riparian 
land class because it includes the greatest 
number of  restoration activities, followed 
by Alternatives A and B (Figure 4-1).

•

•

•

Figure 4-1 compares 
harvest levels by land class 
by showing the acreage 
differences on the same 
scale. (Data showing similar 
information for Riparian at 
a more readable scale can be 
found in Chart 4-11). 

The level and type of  
harvest activities have 
an effect on forest stand 
development stages over 
time. Refer to What Type of  
Harvest Methods Does DNR 

Use? (p. 52). Appendix D contains charts which 
provide this information for each alternative and 
land class (GEMs, Uplands, and Riparian). All of  
the alternatives perform in a similar manner in 
Riparian areas in terms of  the enhancement of  
structurally complex stand development stages 
(Niche Diversification and Fully Functional). Refer 
to Figure 4-6.

Harvest Activities by Watershed
Table 4-4 shows the average area harvested per 
decade over the 100-year planning horizon within 
watersheds where DNR manages greater than 20 
percent of  the land base; the data is presented 
by harvest type (thinning vs. variable retention 
harvest). Data for all watersheds is found in 
Appendix D. The greatest amount (by acre) 
of  harvest activities is forecast to take place in 
the Mashel, Great Bend, and Howard Hansen 
watersheds. Some harvests are intended to alleviate 
overstocked forest conditions and improve the 
quality of  northern spotted owl dispersal habitat 
(p. 107) and are designed to reduce the number 
of  acres in the Competitive Exclusion stand 
development stage (Table 4-5). For eight of  
the 13 watersheds the total amount of  harvest 
(thinning and variable retention harvest combined) 
is highest under Alternative A. For the remaining 
five watersheds, the total harvest is highest under 
Alternative C. It should be noted that in some 
cases, the difference between the amount of  
acreage is just a few acres. 
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Figure 4-1. Total Harvest Activities by Land Class, Alternative, and Decade
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ed Table 4-4. Average Thinning or Variable Retention Harvest (VRH) Activities Over 100 Years  by Total 

Acres and Percentage of Watersheds (WAUs) ≥ 20 Percent of DNR-Managed Lands 

WAUs (acres in 
watershed)

Alternative A Alternative B Alternative C
Total 

Harvest Thin  VRH Total 
Harvest Thin  VRH Total 

Harvest Thin  VRH 

Howard Hansen
16,499 acres

1,710
(10%)

745
(44%)

965
(56%)

1,186
(7%)

632
(53%)

564
(47%)

1,275
(14%)

566
(44%)

710
(56%)

Great Bend
16,318 acres

1,820
(11%)

287
(16%)

1,533
(84%)

1,703
(10%)

218
(13%)

1,485
(87%)

2,283
(14%)

712
(31%)

1,571
(69%)

Mashel
15,139 acres

1,967
(13%)

888
(45%)

1,079
(55%)

1,777
(12%)

896
(50%)

881
(50%)

1760 
(12%)

812
(46%)

948
(54%)

North Fork 
Mineral

13,883 acres

1,799
(13%)

733
(41%)

1,066
(59%)

1,482
(11%)

633
(43%)

849
(57%)

1,609
(12%)

644
(40%)

965
(60%)

Reese Ck.
11,971 acres

1,585
(13%)

689
(43%)

896
(57%)

1,575
(13%)

813
(52%)

762
(48%)

1,373
(11%)

616
(45%)

756
(55%)

Lynch Cove
11,063 acres

1,326
(12%)

128
(10%)

1,199
(90%)

1,258
(11%)

89
(7%)

1,169
(93%)

1615
(15%)

382
(21%)

1,233
(79%)

Tiger
10,092 acres

409
(4%)

132
(32%)

277
(68%)

408
(4%)

123
(30%)

285
(70%)

643
(6%)

400
(62%)

242
(38%)

Kennedy Ck.
9,227 acres

1,277
(14%)

1,10
(9%)

1,167
(91%)

1,291
(14%)

74
(6%)

1,217
(94%)

1,565
(17%)

379
(24%)

1,187
(76%)

West Kitsap
7,261 acres

505
(7%)

59
(12%)

446
(88%)

487
(7%)

60
(12%)

427
(88%)

562
(8%)

135
(24%)

427
(76%)

Catt
6,893 acres

924
(13%)

476
(51%)

449
(49%)

869
(13%)

430
(49%)

439
(51%)

830
(12%)

365
(44%)

465
(56%)

North Fork Green
6,602 acres

781
(12%)

341
(44%)

440
(56%)

647
(10%)

352
(54%)

295
(46%)

610
(9%)

314
(51%)

296
(49%)

Mineral Ck.
4,761 acres

742
(16%)

392
(53%)

350
(47%)

558
(12%)

348
(62%)

210
(38%)

607
(13%)

319
(53%)

288
(47%)

East Ck.  
4,052 acres

438
(11%)

186
(42%)

253
(58%)

436
(11%)

237
(54%)

199
(46%)

404
(10%)

200
(50%)

204
(50%)

  1Includes multiple entries

Differences by 
Watershed
DNR examined the 
distribution of  harvest area 
impacted over time using the 
watersheds as a spatial unit and 
time (each decade) as a sample 
(Chart 4-3). This provides a 
comparative metric to examine 
the harvest activities by 
alternative and identify outliers 
to the general pattern of  
harvest. For an explanation for 
the values of  a box plot, refer 
to Figure 4-4.

Chart 4-3. Distribution of the Percent of Total Area Harvested of 
Watersheds with ≥ 20 Percent DNR–Managed Lands.
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The alternatives are projected to have similar harvest 
area distributions as a percent of  each watershed 
over time (Chart 4-3). Any of  the 13 watersheds 
will likely have between one and five percent of  
its area impacted by harvest activities per decade. 
Alternative C has more watersheds with greater 
than five percent harvested than Alternatives A 
and B. Each management alternative has a number 
of  watersheds that are forecast to have harvested 
areas—mostly thinning activities—of  up to nearly 
35 percent over the 100-year planning horizon, 
which includes multiple entries (Table 4-4). 

In terms of  a percentage of  trust lands harvested 
in each watershed, the highest levels occur in the 
Mineral Creek, Kennedy 
Creek, Reese Creek, and 
North Fork Mineral 
watersheds. By acreage, 
the highest levels of  
harvest occur in the 
Mashel, Great Bend, 
Howard Hansen, and 
Reese Creek watersheds 
(Table 4-4). Refer 
to Appendix D for 
additional information 
related to the total 
harvested acres by 
watershed, by decade, and 
alternative.

Chart 4-4. Number of Harvest Entries over 100 Years by Alternative Differences in 
Harvest Entries 
Chart 4-4 presents the 
number of  harvest 
entries over the 100-
year planning horizon. 
As a result of  heavy 
thinning activities used 
to place forest stands 
on a trajectory toward 
better wildlife habitat 
(p. 173) Alternative 
C is forecast to have 
the highest number 
of  single-entry 
harvests. DNR-
managed trust lands 
left un-harvested—

Alternative A (43%), Alternative B (48%), 
Alternative C (35%)—include Upland and Riparian 
areas unavailable for harvest. However, differences 
in harvest levels emerge when looking at the 
different land classes (Figure 4-1).

In looking at the number of  stand entries by 
alternative (Chart 4-4), it is also important to 
understand in which land classes these multiple 
entries are projected to occur (Chart 4-5). In 
accordance with the Riparian Forest Restoration 
Strategy (Bigley and Deisenhofer 2006), Riparian 
areas generally receive only a single-entry. Under 
Alternative A, 30 percent (13,101 acres) of  Riparian 
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areas are entered for restoration activities; under 
Alternative B, 23 percent (10,065 acres); and 
under Alternative C, 60 percent (26,202 acres). 
These Riparian restoration activities only occur in 
conjunction with Upland harvest activities. In the 
Uplands and GEM land classes, the same area or 
harvest unit may be entered more than once as 
shown in Chart 4-5.

Of  the watersheds in which DNR manages more 
than 20 percent of  the land base, the Great Bend, 
Kennedy Creek, and Lynch Cove watersheds have 
the greatest amount of  acres with two harvest 
entries, while Howard Hansen, Tiger, and West 
Kitsap watersheds have the highest amount of  area 
with no harvest entries (Figure 4-2). In general, a 
greater proportion of  forested state trust lands are 
projected to experience two harvest entries rather 
than multiple (three or more) entries over the next 
100 years.

The number of  harvest entries potentially 
could result in higher risks of  soil erosion and 
compaction. For more information, refer to The 
Percent of  a Watershed Harvested Affects the Likelihood 
of  Soil Impacts (p. 158). These harvest entries also 
could result in increased sedimentation, which 
could affect fish (p. 152), water quality (p. 150), and 
water quantity (p. 147). However, the particular 
impacts will vary by watershed, with differences in 
site conditions and the level, type, and number of  
harvest entries. 

The number of  harvest entries could result in 
more roads remaining active due to the number 
of  times a forest stand is harvested in certain 
watersheds (p. 161). However, additional roads 
could provide added benefits for recreation visitors 
(p. 165) although adding roads may impact visual 
sensitivities (p. 171).

Forest Stand Development Trends
Different harvesting methods can affect the 
trajectory and landscape-level distribution of  
stand development stages (Text Box 3-1) Stand 
development stages are an important tool for 
assessing forest conditions and are indicators of  
many environmental conditions (p. 45).

Forest modeling allows DNR to project forest 
trends and examine how the forested land changes 
over time in terms of  the acreage distributions of  
stand development stages (refer to Appendix D; 
the charts in Appendix D represent DNR’s forest 
land base within the planning unit and include all 
land classes). Generally speaking, observed trends 
for the distribution of  stand development stages 
are similar among the three alternatives. The 
largest difference between alternatives is related 
to the Fully Functional stand development stage. 
Trends associated with the different land classes 
also are presented in Appendix D. While there 
are differences between the land classes in the 
number of  some stand development stages, these 
differences between the alternatives are minor. 
Alternatives B and C develop more acres in the 
Biomass Accumulation, Niche Diversification, and 
Fully Functional stand development stages earlier 
than under Alternative A.

As shown in Chart 3-1, few stands currently occupy 
the Niche Diversification and Fully Functional stand 
development stages. Over time, the trends show that 
as less complex forest stand development stages 
(Ecosystem Initiation, Competitive Exclusion, and 
Understory Development) decline, structurally 
complex stand development stages (Niche 
Diversification and Fully Functional) increase 
(Appendix D).

For the planning unit as a whole, Alternatives 
B and C achieve a higher level of  structurally 
complex forests (Chart 4-6) over 100 years than 
Alternative A.
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Figure 4-2. Number of Harvest Entries in Watersheds with ≥ 20 Percent DNR-Management Over a  
100-Year Period 
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As mentioned in Chapter 3 (p. 53), DNR strives 
to achieve and maintain 10 to 15 percent of  its 
forested state trust lands in older-forest conditions, 
defined as the Niche Diversification and Fully 
Functional stand development stages (Chart 4-6). 
DNR is projected to achieve this goal between 
decades four and five. By 2109, these alternatives 
will have reached the following proportions of  
forested state trust lands in older-forest conditions: 
Alternative A (26%), Alternative B (33%), and 
Alternative C (37%). Most of  these older-forest 
conditions are found in upland and riparian areas 
and occur as a result of  meeting all of  DNR’s stated 
objectives. 

Watershed Trends
Differences between the alternatives in the 
watershed-level distribution of  stand development 
stages can be observed over the 100-year 
planning period as a result of  different watershed 
management objectives. 

Table 4-5 shows the percent of  change in each 
stand development stage from 2009 to 2109 for 
each alternative. The Mashel, North Fork Green, 
North Fork Mineral, and Reese Creek watersheds 
are expected to have the highest numbers of  acres 
in the Niche Diversification and Fully Functional 
stand development stages because of  the harvest 
types used in these areas to meet specific objectives 
under the 1997 Habitat Conservation Plan related 

to northern spotted 
owls (p. 178). Positive 
numbers in Table 4-5 
represent increases 
in acreage for those 
stand development 
stages shown. Negative 
values represent losses 
of  acres in a particular 
stand development 
stage which could 
either mean a harvest 
occurred or that the 
stand complexity 
increased and the acres 
were transferred to a 
more complex stand 
development stage.  

The Catt and Kennedy 
Creek watersheds do not have objectives requiring 
structurally complex forests because they are 
managed primarily for trust revenue production, 
which results in smaller increases of  acreage in the 
Niche Diversification and Fully Functional stand 
development stages. 

Biomass 
Forest biomass, as measured in total standing 
volume, is expected to increase over time so long as 
tree growth exceeds mortality and harvest removal. 
Biomass is an indicator for air quality (p. 199) and 
carbon sequestration (p. 201). Total standing volume 
can be used as a surrogate (substitute) for biomass 
(Smith and others 2003). Chart 4-7 demonstrates 

Chart 4-6. Acres of Structurally Complex Forests (Niche Diversification and Fully 
Functional Stand Development Stages) for all Land Classes, by Alternative and 
Decade
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Table 4-5. Acres and Percent (%) Change in Forest 
Conditions for Watersheds ≥ 20 Percent DNR 
Ownership (2009-2109) 

Alternatives

N. Fork Green

A B C

Ecosystem Initiation
-900

(-13%)
-88

(-1%)
-277
(-4%)

Competitive Exclusion
-475
(-7%)

-1,226
(-19%)

-1,178
(-18%)

Understory Development
-1,622
(-24%)

-1,972
(-30%)

-2015
(-30%)

Biomass Accumulation
1,199
(18%)

1,595
(24%)

1,211
(18%)

Niche Diversification
422
(7%)

585
(9%)

535
(8%)

Fully Functional
538
(8%)

1,216
(18%)

1,835
(28%)
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Table 4-5. Acres and Percent (%) Change in Forest Conditions for Watersheds ≥ 20 Percent DNR 
Ownership (2009-2109) 

  North Fork Mineral Reese Ck. Catt

Alternatives A B C A B C A B C

Ecosystem Initiation
1,650
(12%)

2,228
(16%)

3,029
(22%)

-1,681
(-14%)

1,285
(-11%)

-2,163
(-18%)

427
(3%)

692
(5%)

841
(11%)

Competitive Exclusion
-3,915
(-28%)

-3,477
(-25%)

-4,189
(-30%)

174
(1%)

76
(1%)

-56
(-1%)

-2,538
(-18%)

-2,205
(-15%)

-2,779
(-20%)

Understory Development
-3,681
(-26%)

-5,116
(-37%)

-5,794
(-42%)

-1,375
(-12%)

-2,472
(-21%)

-1,927
(-16%)

-1,283
(-10%)

-1,303
(-10%)

-1,360
(-10%)

Biomass Accumulation
712
(5%)

1,525
(11%)

1,525
(6%)

-87
(-1%)

750
(6%)

354
(3%)

589
(4%)

1,056
(7%)

682
(5%)

Niche Diversification
1,784
(13%)

2,692
(20%)

2,692
(8%)

396
(3%)

721
(6%)

390
(3%)

536
(4%)

765
(6%)

502
(4%)

Fully Functional
1,682
(12%)

2,162
(15%)

2,162
(35%)

1,662
(14%)

3,084
(26%)

4,279
(36%)

711
(5%)

990
(7%)

2,114
(15%)

  Howard Hansen Lynch Cove Great Bend

Alternatives A B C A B C A B C

Ecosystem Initiation
-645
(-3%)

-492
(-3%)

-710
(-4%)

-144
(-2%)

264
(-2%)

867
(7%)

-1063
(-7%)

-60
(2%)

321
(-1%)

Competitive Exclusion
-4,200
(-26%)

-4,588
(-28%)

-4,388
(-27%)

-1,343
(-13%)

-402
(-4%)

-760
(-8%)

-614
 (-3%)

-256
(-6%)

-1,012
(-1%)

Understory Development
-433
(3%)

-2,410
(-15%)

-1,639
(-10%)

-2,675
(-24%)

-2,968
(-27%)

-3,398
(-31%)

-4,912
(-30%)

-5,200
(-28%)

-4,657
(-32%)

Biomass Accumulation
1,143
(6%)

2,474
(15%)

1,762
(10%)

533
(5%)

482
(4%)

505
(5%)

839
(5%)

741
(6%)

1,101
(4%)

Niche Diversification
1,364
(9%)

1,940
(12%)

1,548
(10%)

2,060
(19%)

2,134
(19%)

1,044
(10%)

2,538
(16%)

1,358
(17%)

2,754
(8%)

Fully Functional
1,646
(15%)

3,127
(24%)

3,497
(26%)

530
(5%)

487
(4%)

1,692
(15%)

1,563
(10%)

3,445
(9%)

1,522
(21%)

Mineral Ck. W. Kitsap East Ck.

Alternatives A B C A B C A B C

Ecosystem Initiation
-1,268
(-17%)

-1,123
(-24%)

-1,428
(-30%)

-581
(-8%)

-733
(-10%)

-484
(-7%)

-44
(-1%)

-116
(3%)

-249
(-6%)

Competitive Exclusion
-613

(-12%)
-362
(-7%)

-476
(-10%)

-378
(-5%)

-505
(-6%)

-416
(-5%)

-156
(-3%)

-337
(-8%)

-294
(-7%)

Understory Development
183
(4%)

-863
(-18%)

-214
(-4%)

-2,843
(-39%)

-2,176
(-30%)

-2,615
(-36%)

-846
(-21%)

-1,112
(-28%)

-926
(-23%)

Biomass Accumulation
684

(14%)
1,319
(30%)

689
(14%)

1,117
(16%)

1,109
(15%)

1,122
(14%)

259
(7%)

639
(16%)

598
(15%)

Niche Diversification
323
(7%)

478
(10%)

291
(6%)

1,154
(16%)

1,261
(18%)

812
(12%)

214
(6%)

481
(12%)

476
(12%)

Fully Functional
329
(7%)

568
(12%)

1,155
(24%)

1,095
(15%)

1,057
(15%)

1,514
(21%)

595
(15%)

871
(21%)

817
(20%)

Tiger Kennedy Ck. Mashel

 Alternatives A B C A B C A B C

Ecosystem Initiation
-33

(0%)
117

(1%)
39

(0%)
138
(1%)

-505
(6%)

1,441
(15%)

-1512
(5%)

-1310
(-8%)

-2289
(-15%)

Competitive Exclusion
-1,270
(-13%)

-1,201
(-12%)

-1,310
(-13%)

2,180
(24%)

1,462
(16%)

1,058
(12%)

-220
(-8%)

-500
(-4%)

26
(0%)

Understory Development
-4,415
(-44%)

-4,308
(-43%)

-4,014
(-40%)

-1,860
(-20%)

-210
(-2%)

-1,798
(-19%)

1,288
(-21%)

-3,312
(-21%)

-2,245
(-14%)

Biomass Accumulation
436
(4%)

810
(8%)

315
(3%)

-1,154
(-12%)

-1,181
(-12%)

-1,055
(-11%)

-1,664
(-17%)

-509
(-4%)

-1,369
(-9%)

Niche Diversification
964

(10%)
1,030
(10%)

1,272
(13%)

178
(2%)

213
(3%)

81
(1%)

468
(7%)

792
(6%)

448
(3%)

Fully Functional
3,585
(36%)

3,622
(36%)

3,769
(38%)

784
(10%)

761
(10%)

813
(11%)

3,128
(11%)

5,344
(35%)

6,034
(40%)
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Chart 4-7. Change in Total Standing Volume Over Time
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that the projected total volume on forested state 
trust lands increases for all alternatives, with the 
greatest increase in biomass shown in Alternative B, 
although not significantly different from the other 
alternatives. 

Stand Density
Forest stand density is an indicator of  forest 
conditions because it influences stress and 
competition between individual trees (p. 49). As a 
coarse indicator, stands with Curtis’ RD of  75 or 
greater are likely to be at increased risk of  forest 
health problems (p. 87) and to be able to provide 
reduced habitat for wildlife—specifically for 
northern spotted owls (p. 107). 

Stand density is a useful measure in even-aged 
monocultures but it is difficult to apply in uneven-
aged forest stands, and RD therefore is not used 
as an indicator in the sections of  this EIS that deal 
with wildlife and northern spotted owl habitat. 
When these sections refer to overstocked stands 
they generally refer to forest stands with stem 
densities above 280 trees per acre. Often, stands 
with tree stocking levels over 280 trees per acre 
have relative densities above 75, although this is 
not always true, especially when multiple canopies 
are present with large diameter trees. 

All three alternatives follow a similar trend for 
densely stocked stands (Figure 4-3). However, 
Alternative C has lower levels for the entire 
planning horizon (Table 4-6), most likely a result 

Table 4-6. Average Acres in Densely Stocked 
Conditions (RD ≥ 75) Over 10 Decades

of  increased levels of  
thinning (Table 4-4).

For GEMs, Uplands, and 
Riparian areas refer to 
Chapter 3 (p. 44). There 
are slight differences 
between the management 
alternatives related to 
stand density, as shown in 
Figure 4-3.

For GEMs, the acres 
of  overstocked stands 
(higher relative densities) 
remain fairly constant 
with little change between 
the alternatives. For 

Uplands, overstocked acreage peaks around the 
sixth decade. These spikes can best be explained 
by an examination of  forest types (Chart 4-8) and 
age classes (Charts 4-9(a) and (b)). There is a steady 
increase in acreage of  Douglas-fir/western redcedar 
forest stands until the sixth decade, with a slight rise 
again in the eighth decade. These peaks likely result 
from past harvest practices in which many forest 
units were clear-cut and replanted. These young 
plantation forests, mainly Douglas-fir and western 
redcedar, continue to increase in density (Text Box 
3-2) and age (Charts 4-9(a) and (b)), which will 
require another round of  harvest activities either by 
thinning or variable retention harvest methods. The 
increase in Douglas-fir and western redcedar during 
the last decades is most likely due to the retention 
of  older-forest stands in the Uplands (54% of  land 
base) and Riparian areas (30% of  land base), which 
currently do not receive any harvest treatments.

Alternative Acre Average over 
10 Decades

Percent of Total DNR 
Managed Acres

A 29,425 20%

B 29,867 20%

C 25,398 17%
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Figure 4-3. Acres of Densely Stocked Forest Stand Conditions (Curtis’ RD>75) for the Planning Unit, by 
Alternative, Decade, and Land Class
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Chart 4-8. Forest Types with Relative Density** (RD) ≥ 75 (Alternative A)

Chart 4-9 (a). Age Distribution for Douglas-fir/Western Red Cedar Series 
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Chart 4-9 (b). Age Distribution for All Other Forest Types

*Refer to Appendix C for forest type descriptions; ** RD described in Text Box 3-2, p. ##
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DENSITY AT THE WATERSHED LEVEL
DNR examined stand density at the watershed scale 
over time. Figure 4-5 summarizes the projected 
data over 10 decades into a format that provides a 
distribution of  watershed area with an RD of  75 
or greater. DNR considered watersheds that had 
30 percent or more of  trust lands in overstocked 
conditions at risk from impacts related to forest 
health. For all alternatives in the early part of  
the planning period, the Catt, Howard Hansen, 
North Fork Green, North Fork Mineral, and Tiger 
watersheds have more than 30 percent of  their land 
bases with an RD of  75 or greater.

Direct, Indirect, and Cumulative 
Effects to Forest Conditions 
PLANNING UNIT SCALE
A review of  the level, distribution, and number of  
harvest entries over the 100-year planning period 
shows Alternative B as having the lowest average 
harvest area. Alternative A has the highest level of  
variable retention harvest and Alternative C has the 
highest level of  thinning activities. 

By land class (Figure 4-1), the majority of  timber 
harvests occur in Uplands, as expected because 
Uplands represent the largest proportion (54%) of  
DNR-managed trust lands in the planning unit.

 

Figure 4-4. Box Plot Interpretation (modified from Few 2004)
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Under all alternatives, the quantity of  
forests in structurally complex forest 
conditions (Niche Diversification 
and Fully Functional) is projected 
to increase. The greatest increase in 
structurally complex forests occurs 
under Alternatives B and C. The early 
stand development stages (Ecosystem 
Initiation, Competitive Exclusion, 
and Understory Development) 
continue to decline at a similar rate 
for all alternatives (Appendix D). 
This increase in structurally complex 
forests will shift the ecological 
conditions of  forested state trust 
lands in this planning unit towards 
a mix of  forest stand conditions 
more similar to those found before 
the logging of  the last century (Agee 
1993; Franklin and Dyrness 1973).  

Increasing forest stand complexity should provide 
increased resilience after natural disturbances, 
whether the disturbance is fire, wind, or a forest 
health epidemic (Carey 2007). The increase in 
structurally complex forests (Chart 4-6) should 
benefit wildlife species that depend on complex 
forest structure (refer to Wildlife, Table 3-20), and 
should enhance riparian and water quality conditions 
(Figure 4-6) because larger trees provide more 
shade, which results in cooler stream temperatures, 
more leaf  and needle litter, and a wider variety of  
microclimates (p. 165).  

WATERSHED SCALE
At the watershed scale (Table 4-4), Howard Hansen, 
Great Bend, Mashel, and Reese Creek watersheds 
(WAUs) have the highest acreages of  harvest activity. 
The harvest activities applied in Howard Hansen, 
Mashel, and Reese Creek WAUs also result in the 
highest levels of  fully functional forests (Table 4-5). 
The Great Bend WAU followed by Lynch Cove and 
Kennedy Creek WAUs have the highest percentage 
of  variable retention harvest activities.

SOIL
Logging equipment used during harvest activities 
has the potential to increase soil compaction 
and sedimentation with adverse impacts to water 
quality and quantity, fish, and riparian systems. The 
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Figure 4-5. Forest Stand Density in Watersheds under All Alternatives
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amount of  sediment that reaches a stream depends 
on two processes: the availability of  sediment and 
the ability of  sediment to travel from its source 
to a stream. DNR is incorporating by reference 
the 2004 Sustainable Harvest Final EIS (p. 4-106 to 
4-109) which discusses the impacts on soils from 
harvesting activities. For an analysis of  impacts in 
this planning unit from these alternatives, refer to 
soils (p. 155).

FOREST HEALTH
The level of  thinning activity is highest under 
Alternative C and it may have the greatest potential 
for significant adverse environmental impacts relating 
to several forest pathogens entering through wounds 
made by logging equipment (Otrosina and Ferrell 
1995), including Armillaria root disease, Annosum 
root and butt rot, and hemlock dwarf  mistletoe. 
Although thinning activities increase the risk of  
introducing some pathogens, more frequent harvest 
entries also can provide more opportunities for 
managers to treat established disease pockets.

VISUAL MANAGEMENT
Potential adverse environmental impacts to visually 
sensitive areas could be reduced by favoring thinning 
over variable retention harvests. The choice one 
silvicultural system rather than another is site-
specific. The alternatives presented in Chapter 2 for 
visual management (p. 37) give flexibility to. forest 
managers, with Alternative B providing the most 
specific direction. Refer to visual management (p. 
170) for additional analysis.

ROADS
Potential adverse environmental impacts resulting from 
forest roads include increased sedimentation affecting 
both water quality and fish habitat. DNR incorporates 
by reference the 2001 Forest Practices Rules Final EIS, 
which (beginning on p. 3-7) presents an analysis of  the 
effects of  sediment, peak flows, and roads in riparian 
areas and wetlands on water quality and fish. Roads 
can increase wildlife habitat fragmentation and impact 
air quality while creating more opportunities for public 
access and dispersed recreation activities. Refer to 
roads for additional analysis (p. 161). Higher levels of  
thinning activities under Alternative C would likely 
result in the maintenance of  a higher number of  forest 
roads, which could result in higher impacts than under 
Alternatives A and B.

Mitigation from Forest Activities
Following DNR’s Forest Practices Rules, agency 
policy, and procedures, and the conditions set 
forth in the 1997 Habitat Conservation Plan provides 
mitigation. In 1997, DNR began implementing its 
multi-species habitat conservation plan, ensuring 
habitat for a multitude of  species and special 
ecosystems. In terms of  forest conditions, while the 
potential exists for significant adverse environmental 
impacts from harvesting activities, on-site mitigation 
conducted prior to and during any harvest activities 
lessens the possibility of  unwanted results. 

Riparian

Criteria and Indicators for Riparian
Chapter 3 (p. 58) describes the general 
characteristics of  riparian areas, their importance, 
and the criteria used to evaluate the environmental 
impacts to them. The criteria are related to the 
maintenance and restoration of  salmonid freshwater 
habitat which contributes to the conservation of  
other aquatic and riparian obligate species. 

Riparian function is measured by the following set 
of  indicators: large woody debris, leaf  and needle 
litter recruitment, stream shade, microclimates, 
sediment control, and streambank stability (Gomi 
and others 2002; Bilby and Bisson 1991; Liquori 
and others 2008). Chapter 3 contains a general 
discussion of  how these indicators influence 
riparian functions. To assess and compare the 
differences between the management alternatives, 
DNR used two surrogates. The first surrogate is 
stand development stages and it is a good measure 
for the amount of  large woody debris, leaf  and 
needle litter recruitment, and stream shade. The 
second surrogate is riparian buffers (specifically 
their size), which can be used to draw inferences 
about microclimates, sediment control, and 
streambank stability.

Measuring Riparian Function
STAND DEVELOPMENT STAGES
Forest stand development stages are commonly 
used to measure forest structural conditions, 
including those in riparian areas. There is a close 
tie between stand development stages and the 
indicators of  ecosystem function (Carey 1998; 
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Jules and others 2008; Franklin and others 2002; 
Spies and others 1994). Structural features that 
can be described and predicted into the future 
(such as stand diameter distribution, canopy layers, 
decadence, and thus stand development stages) 
are the best surrogates for ecological functions 
(such as large woody debris, shade to maintain 
cool stream temperature, and microclimates). 
Forest stands in the Biomass Accumulation, Niche 
Diversification, and Fully Functional stages contain 
large trees (more than 30 inches diameter at breast 
height) which in turn provide benefits to riparian 
systems such as large woody debris input and 
stream shading. Large trees in the riparian areas 
also provide leaf  and needle litter (an important 
food and nutrient source), influence stream 
temperatures, and affect riparian microclimates. 
These riparian functions were discussed and 
analyzed in the 2004 Sustainable Harvest Final EIS 
(p. 4-35 to 4-52) and are incorporated here by 
reference. 

RIPARIAN BUFFERS
As described in Chapter 3, riparian buffers reduce 
sediment by filtering surface water runoff, protect 
unstable slopes by retaining root structures, 
moderate peak flows, provide shade which helps 
regulate stream temperatures, and contribute 
large woody debris which is important for aquatic 
systems and wildlife habitats (DNR 1996, 2004; 
Liquori and others 2008). Riparian buffers also 
provide varied microclimates which are affected by 
solar radiation, soil temperature, soil moisture, air 
temperature, wind velocity, and humidity (Moore 
and others 2005; Jackson and others 2001; Spence 
and others 1996; Forest Ecosystem Management 
Assessment Team 1993). Leaf  and needle litter 
contributed by trees within riparian buffers provide 
up to 60 percent of  the total energy input into 
stream communities for benthic invertebrates 
(DNR 2004; Brosofske and others 1997; Wipfli 
and Gregovich 2002). 

Under Washington’s Forest Practices Rules, 
riparian buffers are required on the equivalent of  
Type 1 through 3 waters, discontinuous buffers 
on equivalent of  Type 4 streams, but none on 
the equivalent of  Type 5 waters (DNR 2001). 
On forested state trust lands, however, all Type 
4 waters have 100-foot buffers on both sides 

of  the stream (DNR 1996, 1997). DNR is also 
developing a Headwaters Conservation Strategy 
designed to increase protection for Type 5 waters 
on sensitive sites to maintain ecological functions 
both on site and in connection to downstream 
systems. In general, the following buffer widths are 
applied to both sides of  a stream (Table 4-7); these 
stream buffers are enlarged if  an area is prone to 
windthrow (Bigley and Deisenhofer 2006). 

Carefully designed thinnings, tailored to the 
specifics of  each riparian stand condition, can be 
used to accelerate the development of  structural 
complexity and thus the ecological functioning of  
riparian forests (Bigley and Deisenhofer 2006). 
Currently, about one percent of  riparian areas are 
estimated to be in the Niche Diversification and 
Fully Functional forest stand development stages 
(refer to Table 3-8). Riparian restoration activities 
are generally carried out only in conjunction with 
upland harvest activities, since road building and 
yarding corridors need to be considered in concert 
with restoration activities. Permitted harvests and 
other restoration activities are required to maintain 
existing habitat structures such as down wood and 
snags to accelerate the development of  structurally 
complex forests.

Expected Changes in Riparian Areas
STAND DEVELOPMENT STAGES 
Stand development stages are used to evaluate changes 
in forest conditions across the landscape (Franklin and 
others 2002). All of  the management alternatives result 
in similar forest stand development trajectories because 
they are trying to achieve the same objectives created 
by incorporating DNR policy into the modeling 
process. As riparian forests move towards the Biomass 
Accumulation stage and beyond, they rapidly increase 
in structural complexity and in riparian function 
(Naiman and others 2000; Spies 1997; Bilby and 
Ward 1991). Figure 4-6 illustrates the relative change 
between the alternatives. Alternatives diverge in the 

Table 4-7. Buffer Widths by Stream Type (applied 
to both sides of a stream)

Type 1 & 2 *Si100: average 145 ft. (min. 100 ft. max. 215 ft.)
Type 3 *Si100: average 145 ft. (min. 100 ft. max. 215 ft.)
Type 4 100 ft.
Type 5 **As necessary when guidelines are finalized

*Site potential height of mature conifer is defined as the height of the tallest 40 
trees per acre at 100 years (SI100)
** DNR is conducting research to investigate adequate protection of Type 5 Waters.
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fifth decade, where the benefit 
of  more active restoration 
is reflected in a greater 
percentage of  structurally 
complex forest stands. Areas 
not actively restored undergo 
a slow natural progression of  
stand development that can 
be stalled in the Competitive 
Exclusion stage for decades by 
high stand density (Bailey and 
Tappeiner 1998).

Under all of  the alternatives, 
riparian areas will continue 
to increase in complexity 
at a steady rate (refer to 
Chart 4-10). While each 
alternative develops over 
time, more acres in the 
Biomass Accumulation, 
Niche Diversification, and 
Fully Functional forest stand 
development stages the 
level of  activities required 
to achieve these conditions 
varies by alternative. Biomass 
Accumulation does not, by 
definition, include a lot of  
large down woody debris or 
large snags but it is a stage 
that indicates the potential 
for future delivery of  large 
woody debris to streams. 
However, the best indicators 
of  riparian function are 
related to the structural 
characteristics of  Fully 
Functional forests as shown 
in Chart 4-10.

Chart 4-11 illustrates the 
forecasted harvested acres 
in riparian areas under the 
three alternatives to achieve 
the conditions forecast in 
Chart 4-10. The level of  
activities required to achieve 
these conditions varies by 
alternative.

Figure 4-6. Comparison of Stand Development Stages by Alternative 
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The modeling of  riparian restoration activities in all of  the alternatives 
assumes that once stands reach 70-years of  age, there would be no 
subsequent restoration thinning (harvest activities) regardless of  the 
functional stage of  the forest. Operationally, thinning activities may occur 
in stands greater than 70-years of  age with written approval from the HCP 
Implementation Manager and in consultation with the Federal Services 
(Bigley and Deisenhofer 2006). The impact of  this assumption is seen as 
a sharp decline in activities across all alternatives with time. While there 
are more than 43,800 acres in the Riparian land class (Table 3-5), the total 
acreages in riparian areas being affected per decade are comparatively low. 
Chart 4-11 shows the same information as Figure 4-1  but on a different 
scale; Figure 4-1 also provides a comparison to the other land classes.

Chart 4-10. Riparian Areas in the Fully Functional Stand Development Stage

Chart 4-11. Harvested Acres in Riparian Areas by Decade and Alternative
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are only predicted 
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Table 4-8. Harvested Acres in Riparian Areas in Decade One by Alternative

Alt Catt East 
Ck.

Great 
Bend

Howard 
Hansen

Kennedy 
Ck.

Lynch 
Cove Mashel Mineral 

Ck.

North 
Fork 

Green

North 
Fork 

Mineral

Reese 
Ck. Tiger West 

Kitsap Tot.

A 501 68 532 26 224 167 583 149 76 841 598 446 106 4,316
B 266 60 279 64 191 57 354 87 68 366 332 293 40 2,457
C 328 76 1,275 80 527 378 758 152 92 768 714 543 200 5,891

Table 4-9. Difference from Alternative A (No Action) for Harvested Riparian Acres in Decade One

Alt Catt East 
Ck.

Great 
Bend

Howard 
Hansen

Kennedy 
Ck.

Lynch 
Cove Mashel Mineral 

Ck.

North 
Fork 

Green

North 
Fork 

Mineral

Reese 
Ck. Tiger West 

Kitsap

B -21% -4% -12% +23% -4% -18% -13% -16% -3% -24% -16% -12% -19%

C -16% +4% +36% +32% +31% +35% +11% +1% +7% -4% +7% +8% +27%

Direct and Indirect Impacts for Riparian 
DNR used the measure of  stand development 
stages in riparian areas to identify possible effects 
of  management activities over time. The current 
distribution of  stand development stages suggests 
(Table 3-8) that many streams presently may have 
reduced levels of  riparian function, particularly 
large wood input, because of  the relative low 
proportion of  stands in the Biomass Accumulation, 
Niche Diversification, and Fully Functional stand 
development stages (Figure 4-6).

Alternatives A and B are forecast to have 
approximately the same acreage of  forest stands 
in the Fully Functional stand development stage in 
riparian areas (Chart 4-10). The modeling results 
suggest that in Alternative C, for every additional 
acre thinned over Alternative B, there is the potential 
of  creating one-third of  an acre more of  Fully 
Functional forest in riparian areas. The net result is 
that Alternative C is projected to develop 5,000 more 
acres of  Fully Functional forests than Alternatives 
A or B because of  an additional 16,000 acres being 
thinned over eight decades.

DNR used the measure of  how many acres were 
harvested to show how restoration activity levels 
could result in both short-term (Table 4-8; 4-9) 
negative effects and long-term benefits (Chart 
4-10) aimed at promoting more Fully Functional 
forests that would produce higher levels of  riparian 
functions. The differences between the alternatives 
can be distinguished by the level of  harvest activities 
within the Riparian Management Zone (Chart 4-11). 
Harvesting activities are highest in the first decades, 
specifically under Alternative C (as shown in Chart 
4-11), which maintains the growth of  leave trees and 

re-establishes understory vegetation, thus placing 
riparian areas on a path to achieve desired future 
riparian conditions. Disturbance associated with the 
harvest levels is projected to be higher in Alternative 
C and is more likely to result in short-term impacts 
to riparian indicators (Chart 4-11)—such as shade, 
microclimate, and sedimentation. The long-term 
benefits from these restoration activity levels are 
greatest under Alternative C, with Alternatives A and 
B performing very similarly (Chart 4-10). 

Relative to current conditions, large woody debris 
recruitment, leaf  and needle litter production, and 
shade conditions are expected to improve under all 
alternatives. Short-term impacts include reductions 
in leaf  and needle litter production; long-term 
reductions in shade and large woody debris may 
occur from the removal of  riparian trees (Bailey and 
Tappeiner 1998). The extent and duration of  the 
reduction depends on where and how many trees are 
removed, site-specific conditions, and the particular 
function being considered during design of  the 
restoration activity (Deal and Tappeiner 2002; DNR 
2001; Tappeiner and others 1997). 

Differences to microclimates are linked to the level 
and type of  riparian disturbance. Forest management 
activities including road-building, stream crossings, 
and yarding corridors are expected to change the 
forest structure in riparian areas resulting in localized 
adverse impacts at the microclimate scale. The slight 
changes that can occur with forest openings related 
to road building and stream crossings can in turn 
influence thermal and moisture environments under 
forest canopies and affect microclimates (Moore and 
others 2005); however these changes are expected to 
be localized and not widespread. 
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Riparian buffers can decrease the magnitude of  
increases in stream temperature and changes 
to riparian microclimate, but warming has 
been observed in streams with and without 
adjacent timber harvest activities. Various studies 
demonstrate that streams may or may not cool after 
flowing from clearings into shaded environments, 
and further research is required in relation to the 
factors controlling downstream cooling (Moore and 
others 2005; Liquori and others 2008). 

Cumulative Impacts to Riparian 
Resources
The distribution of  forest stand development stages 
and corresponding levels of  restoration activities 
over time and space provide a basis for assessing the 
potential cumulative effects of  the alternatives in 
the forested environment for any given watershed. 
However, the amount and nature of  forests in 
any landscape are highly variable (soil properties, 
weather events), and contain a wide range of  forest 
types (conifer mixed with deciduous) and stand 
structures (stands that fall into a variety of  stand 
development stages), which can only be assessed on 
a site by site basis to determine proper silvicultural 
treatments. All alternatives are expected to use 
ground-based or cable yarding methods which 
can result in soil compaction, rutting, and surface 
erosion (refer to Soils, p. 155). In analyzing riparian 
areas at the watershed scale, DNR did not find any 
watersheds under any of  the alternatives that would 
result in significant adverse environmental impacts.

ROADS AND RECREATION 
Besides harvesting activities, roads (p. 150) and 
recreational activities (p. 165) also affect riparian 
indicators. DNR is incorporating by reference the 
2004 Sustainable Harvest Final EIS (p. 4-44 to  
4-52). DNR is also incorporating by reference the 
2001 Final EIS on Alternatives for Forest Practices Rules 
(Appendix F), which discusses long-term impacts 
caused by permanent roads in riparian areas. Road 
management is implemented uniformly across all 
alternatives. 

The adverse impacts to riparian areas from 
recreational activities are expected to be reduced 
under Alternatives B and C by the removal or 
relocation of  those activities from certain areas. 
However, more managed recreation options 

provided by contracting or leasing services under 
Alternative C have the potential to increase 
recreational use in certain areas, resulting in 
probable increases in the impacts to riparian areas 
from road and trail use (Table 4-25). However, some 
environmental impacts are expected to be mitigated 
by a continued recreation management presence 
(such as contractors) when contrasted with free, 
unmanaged use (Bates 1999).

Riparian Mitigation
RIPARIAN FOREST RESTORATION STRATEGY
The modeling projections demonstrate that older-
forest stand conditions within riparian areas can 
be achieved. These older forests provide many of  
the measurable benefits described under riparian 
indicators (p. 58). Riparian areas are managed 
under the 2006 Riparian Forest Restoration Strategy to 
protect and improve instream and riparian habitat 
conditions. The riparian strategy was developed 
as part of  the 1997 Habitat Conservation Plan. 
Management of  riparian areas is accomplished 
through thinning harvests to accelerate tree growth 
in the remaining trees, increase wind firmness, and 
aid in the development of  a desired tree species 
(Bigley and Deisenhofer 2006).

FOREST PRACTICES RULES 
In 2001, the Forest Practices Rules were modified to 
more fully address the impacts of  forest practices 
on water quality, salmon habitat, and other aquatic 
and riparian resources (DNR 2001). These rules 
are applied to all harvest activities on non-federal 
forestlands in the planning unit. 

The 2001 Forest Practices Rules provide specific 
mitigation strategies to protect riparian areas. 
Harvest prescriptions and mitigation measures 
include avoidance, short-term deferral from 
harvest, specific harvest and yarding methods, 
restoration, active downed wood accumulation, 
and large woody debris management. Site-specific 
harvest planning determines the combination and 
configuration of  restoration activities to best meet 
stand-level objectives and minimize effects to 
riparian areas. The modeling and analysis results 
show that implementation of  the policies and rules 
do not indicate probable, significant, or adverse 
environmental impacts that are not already mitigated 
through the existing policies and rules.
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The environmental impacts caused by restoration 
activities in riparian areas are mitigated on-site 
during the implementation phase following Forest 
Practices Rules.

Wetlands
Chapter 3 (p. 62) describes the general 
characteristics of  wetlands, why they are important, 
and the criteria DNR uses in managing them on 
state trust lands. 

Criteria and Indicators for Wetlands
The criteria for wetlands follow DNR policy, which 
states that there will be no net loss of  naturally 
occurring wetland acreage and function (DNR 
2006b). However, as mentioned in Chapter 3, the 
accuracy of  the available data on wetland acreage 
for both state and federal lands statewide varies 
from wetland to wetland because the methods 
used for identifying these areas (aerial photography 
interpretation) often underestimate actual wetland 
acres. 

The indicators of  wetland function are water flow, 
biogeochemical factors, and vegetative cover. 
Acres of  wetlands in a watershed may suggest the 
predisposition of  an area to higher risk of  losing 
wetland function than areas with fewer acres. 
Changes in DNR-managed wetland acreages are 
not well tracked. The Riparian land class includes 
streams, stream buffers, wetlands, and wetland 
buffers. While this classification includes lands that 

Table 4-10. Wetland Acres within Watersheds 
with ≥20 Percent DNR-Managed Acres*

Watersheds (WAUs) Wetland 
Acres

Percent of Total 
DNR-Managed Acres

Great Bend 306 3.03%
Lynch Cove 254 1.54%
Mashel 196 2.85%
West Kitsap 46 0.39%
Reese Ck. 35 0.25%
North Fork Mineral Ck. 21 0.53%
Kennedy Ck. 16 0.11%
Tiger 14 0.16%
Catt 12 0.07%
Howard Hansen 11 0.14%
East Ck. 4 0.04%

* Rounded to the nearest integer. North Fork Green and Mineral Ck. are not 
included because they have no identified wetland acres.

are not true wetlands, it allows for a comparison of  
activities in areas that are likely to contain wetlands. 
Harvest levels in riparian buffers will be used as 
a measurable surrogate for determining potential 
net acreage losses and/or losses of  functions tied 
to vegetative cover. Road density will be used to 
compare impacts to watersheds containing wetlands.

Wetland Results
WETLAND ACRES
The number of  wetland acres may indicate 
watersheds that are at higher relative risk for loss 
of  wetland acres or wetland function from timber 
harvesting and associated activities (like road 
building). Watersheds in this planning unit have 
very few acres that have been identified as wetlands. 
Refer to Table 4-10 for total wetland acres in these 
watersheds and the percent of  wetlands in each. 

HARVESTING IN RIPARIAN AREAS
Under the proposed management alternatives, the 
differences in environmental impacts to wetlands 
are a function of  the acreage harvested and the 
amounts of  related harvest activities that occur 
adjacent to the wetland buffers or in the buffers to 
achieve goals of  the Riparian Forest Restoration Strategy. 
The first comparison is the percentage of  riparian 
and wetland area disturbed under each alternative. 
Because wetlands and wetland buffers were not 
separated from the stream data in the model, the 
Riparian land class was used to compare alternatives. 
It is important to note that wetlands found within 
riparian areas receive protective buffers and are not 
subject to thinning, and forested wetlands outside of  
riparian areas are subject to thinning but not variable 
retention harvests.

The differences between the management alternatives 
can be distinguished by the level of  harvest activities 
within the riparian management zone (Chart 4-11). 
The riparian section of  this document contains the 
analysis for riparian areas highlighting the first decade 
(Table 4-8), because it has the highest harvest levels 
over the planning horizon. Of  all the watersheds 
with at least 20 percent in DNR-management, acres 
receiving the highest harvest levels include North 
Fork Mineral, Great Bend, Mashel, and Reese 
Creek—generally varying between Alternatives A 
and C. Over the planning horizon, levels of  riparian 
restoration activities will decrease (p. 139). 
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ROADS
The roads section (p. 161) reported that North 
Fork Green, Howard Hansen, Tiger, and West 
Kitsap have the highest number of  inoperable 
acres in areas where roads most likely will not be 
constructed. Refer to Table 4-17 for the watersheds 
with harvestable acreage 800 feet from the existing 
road network. 

Assessed Risk of Impacts to Wetland 
Functions
Great Bend, Lynch Cove, and Mashel watersheds 
may be at a higher risk of  losing wetland function 
than other watersheds in the planning unit. This 
risk, however, is only assessed relative to other 
watersheds with at least 20 percent DNR-managed 
acres, and none of  these watersheds has more than 
three percent of  its acreage identified as a wetland. 
There is no existing system for tracking wetland 
losses or impacts; therefore, DNR can only 
identify areas with potential impacts. 

Higher harvest levels increase the likelihood that 
some environmental impacts will occur in specific 
watersheds over others. North Fork Mineral 
and Reese Creek have the highest percentage of  
DNR-managed acres; however Great Bend and 
Mashel have the greatest amounts of  forested 
acres available for DNR management activities 
(with the exception of  Howard Hansen) (Table 
4-1), so the actual percent of  total acres in these 
watersheds being negatively impacted could be 
equal to or lower than those areas receiving lower 
harvest levels. Harvest levels under Alternative 
C potentially will have the greatest impact on 
wetland acres because it proposes the highest 
level of  harvest, followed by Alternative A, then 
Alternative B. 

Construction of  roads can have direct impacts on 
wetlands because roads may permanently eliminate 
or severely change the biological functions of  the 
wetland areas they cross. Road building can result 
in hydrologic changes caused by compaction, 
siltation, and vegetation removal, which in turn 
result in altered floodwater behavior, decreased 
infiltration, and increased runoff. Additionally, 
road crossings in wetlands without adequate 
cross-drainage provisions can lead to flooding on 
the upslope side and subtle drainage changes on 

the downslope side of  crossings (Stoeckeler 1967; 
Boelter and Close 1974). Under all alternatives, 
roads are built to access harvesting units. Road 
building designs avoid wetlands and their adjacent 
buffers when possible, but sometimes such areas 
cannot be avoided and mitigation takes place on a 
site-specific scale.

The impacts to forested and non-forested wetlands 
were analyzed in the 1996 Draft EIS for the Habitat 
Conservation Plan (p. 4-488 to 4-490) which DNR is 
incorporating by reference as well as the 2004 Final 
EIS for Sustainable Harvest (p. 4-131 to 4-137). No 
significant risk of  adverse environmental impacts 
is expected because of  on-site mitigation and 
environmental review during each timber sale and 
road building activity. 

Direct, Indirect, and Cumulative 
Impacts to Wetlands
Wetland risk varies from site to site throughout 
the planning unit. Based purely on the number of  
wetland acres in them, some areas may experience 
more impacts. Great Bend, Lynch Cove, and 
Mashel watersheds have the greatest number of  
wetland acres. Great Bend and Mashel watersheds 
also were identified as areas with the most acreage 
to receive restoration activities in riparian areas. 
In addition, these areas have a high probability for 
comparatively greater amounts of  road building 
than other watersheds. Therefore, one could 
deduce that wetland acres in Mashel and Great 
Bend have the highest likelihood for impacts. 
Conversely, there are watersheds with little or no 
identified wetland acres that may be affected very 
little or not at all. 

Wetland risk is variable throughout the planning 
unit due to their amount and location; however 
these impacts are greatly reduced on site as a 
result of  the mitigation provided by current 
policy and procedures of  no net loss of  wetland 
acres or function. At this time DNR does not 
fully understand the severity of  impacts that can 
be expected from either timber harvests or road 
building due to the difficulty in mapping wetlands, 
specifically forested wetlands. However, previous 
assessments (2001 Forest Practices Rules and 1997 
Habitat Conservation Plan) have shown the severity 
of  impacts from road building to be much greater 
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than those related to harvest activities alone. 
Therefore, areas containing wetlands with greater 
amounts of  roads and harvesting activities are 
expected to have a higher likelihood of  impacts to 
wetlands than those with less wetland acres. 

Wetland Mitigation	
While the water quality of  wetland sites can be 
affected by harvest activities, depending on their 
type and intensity, their effects can be transient 
(Shepard 1994). Harvests and associated activities 
can disrupt surface and sub-surface flows, deliver 
sediment to wetlands, diminish water quality, 
disrupt nutrient pathways, and lead to the draining 
of  wetland sites. To mitigate these impacts, 
buffers are placed on all forested and non-forested 
wetlands one-quarter acre and larger. Wetlands less 
than one-quarter acre often are protected from 
harvest equipment entering them by strategically 
placed legacy trees. Region field staff  are trained 
on wetland identification and all harvest and 
associated activities are reviewed on the ground to 
identify wetlands as part of  the planning process1. 

Avoiding wetlands during road planning and 
construction is a primary method to prevent 
probable, significant, adverse environmental 
impacts. Where wetlands cannot be avoided, 
the 2006 Policy for Sustainable Forests and 1997 
Habitat Conservation Plan require on-site and in-
kind equal acreage mitigation for wetland losses. 
Such mitigation should result in no significant 
net effect to the acreage or to the hydrologic and 
biogeochemical function of  the wetland. 

Water Quantity 

Criteria and Indicators of Water 
Quantity
This section analyzes the effects of timber 
harvesting on water quantity conditions in the 
planning unit. Water quantity is an important 
factor to consider, as DNR manages forests in 
rain-on-snow zones which can be affected by 
reductions in the forest canopy.

Hydrologic maturity is the measurable criterion 
which DNR uses to assess the potential effects of 
forest management on water quantity. A forest is 
considered in a hydrologically mature condition 
when its cohort (defined in Text Box 3-3) is over 
25-years in age and has a relative density (RD) 
(Text Box 3-2) greater than 25. 

The three indicators of water quantity discussed 
in Chapter 3 are precipitation type and amount, 
vegetative cover, and soil type. The variability 
of precipitation and the likelihood of extreme 
precipitation events are difficult to plan for. 
Therefore, this analysis does not take into account 
actual precipitation rates, types, or quantities. 
Rather, as in the soils section, DNR identified 
areas prone to damage from extreme events (such 
as rain-on-snow) as a surrogate, shown in Text 
Box 3-4.

Vegetative cover is reported and discussed in 
the context of RD (surrogate) for this analysis. 
Forests with an RD less than 25 are considered 
to be hydrologically immature. DNR policy does 
not allow more than 34 percent of forests located 
in rain-on-snow zones to be in a hydrologically 
immature state2. 

Soils are an important component in the 
understanding of water quantity. Various soil 
conditions affect the manner and rate of water 
movement through a watershed. General soil 
conditions are discussed in the soils section 
(Chapter 3, p. 76), but the site-by-site analysis 
necessary to understand the complexity of a water/
soil relationship cannot be performed at this level 
of analysis. In fact, future actions resulting from 
this plan (such as timber sales or road building) 
will consider additional site-specific environmental 
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review. As part of that review, local conditions 
in relation to both soil and water quantity will be 
taken into account when considering the harvest 
level and specialists will be consulted if concerns 
arise. 

Water Quantity Results
None of  the sub-basins in the rain-on-snow zone 
are projected to exceed the threshold of  34 percent 
in a hydrologically immature condition under any 
of  the alternatives. None of  the 100-year averages 
for the watersheds with at least 20 percent DNR-
managed acres has greater than 30 percent of  their 
acres in hydrologically immature conditions and 
100-year averages for watersheds that contain acres 
in rain-on-snow zones are less than 20 percent 
(Table 4-11). 

Table 4-11. 100-Year Average Percent of 
Watersheds in Hydrologically Immature 
Conditions

Watersheds (WAUs) A B C
Howard Hansen 12% 9% 11%
Great Bend* 23% 27% 27%
Mashel 15% 14% 15%
North Fork  Mineral 13% 15% 16%
Reese Ck. 15% 17% 16%
Lynch Cove* 25% 30% 30%
Tiger 5% 7% 6%
Kennedy Ck.* 29% 29% 30%
West Kitsap* 16% 18% 19%
Catt 12% 16% 16%
North Fork Green 15% 14% 13%
Mineral Ck.* 17% 15% 17%
East Ck. 13% 11% 12%

* Represents WAUs that do not contain rain-on-snow zones.

Some watersheds have greater than 34 percent 
of  their acreage (which are highlighted in red) in 
a hydrologically immature state in a few decades 
(Table 4-12) but these are all areas that do not 
contain sub-basins in rain-on-snow zones including 
Great Bend, Lynch Cove, Kennedy Creek, West 
Kitsap, and Mineral Creek. There are no general 
trends across watersheds or alternatives; however, 
over time the averages for alternatives in the 
watersheds are similar.

Impacts from Forest Activities on 
Water Quantity 
All watersheds containing sub-basins with acres 
in rain-on-snow zones are forecast to stay above 
70 percent in hydrologically mature conditions 
through the 100-year modeled planning period. 
Consequently, significant changes in peak flows due 
to harvest activities are likely to be avoided under 
each alternative, therefore causing no significant 
impacts to hydrologic maturity on forested state 
trust lands. The likelihood and severity of  damaging 
flood events and possible landslides caused by soil 
saturation or undercutting is reduced by maintaining 
higher levels of  forest stands with an RD greater 
than 25 in the rain-on-snow zones.

At the larger geographic scale, watersheds with 
greater amounts of  hydrologically immature forests 
(RD ≤ 25) such as Kennedy Creek, Great Bend, 
Lynch Cove, and Mineral Creek are primarily in 
rain-dominated zones. Soils in these areas were 
assessed in the soils discussion section (p. 155) 
and they contain the lowest risk areas of  the 13 
watersheds with more than 20 percent DNR-
managed acres. Furthermore, 90 percent of  the 
land base within the Great Bend, Lynch Cove, and 
West Kitsap watersheds consists of  areas with less 
than 30 percent slope, which reduces its erosion 
capability. Rain-dominated areas are at a much 
lower risk for flash flooding than rain-on-snow 
zones (Grant and others 2008). The likelihood of  
extreme flooding in these watersheds is lower than 
watersheds in rain-on-snow zones; however, because 
of  the lower level of  hydrologic maturity, the effects 
from flooding may be of  higher severity.

Precipitation intensity and magnitude cannot be 
predicted, although simulations suggest large events 
happen at intervals of  roughly 20, 50, and 100 years 
(van Heeswijk and others 1996). These events can 
cause extreme flooding, mass soil movement (Text 
Box 3-5), and slope failures leading to low water 
quality, degraded or lost fish habitat, damage to the 
built environment (trails, roads, and bridges), and 
loss of  timber resources. Planning for the protection 
of  natural resources under these scenarios is not 
often possible and mitigation techniques cannot 
prevent all damage in these severe events; however, 
reasonable mitigation measures are taken where 
possible. 
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Table 4-12. Percent of Total DNR-Managed Acres in Each Watershed (WAU) with a Relative Density Less 
Than 25 (hydrologically immature) by Alternative

  Decade
Watershed Alt 1 2 3 4 5 6 7 8 9 10

Howard Hansen
16,499 acres
 

A 15% 7% 1% 9% 14% 19% 14% 14% 14% 13%
B 15% 10% 6% 8% 9% 8% 7% 6% 10% 13%
C 15% 8% 2% 9% 8% 17% 14% 19% 11% 12%

Great Bend*
16,318 acres
 

A 24% 29% 30% 24% 22% 21% 21% 18% 21% 20%
B 24% 36% 37% 30% 22% 21% 19% 26% 26% 29%
C 24% 37% 37% 28% 19% 20% 24% 29% 30% 26%

Mashel
15,139 acres
 

A 22% 19% 4% 7% 12% 18% 22% 17% 13% 12%
B 22% 22% 7% 13% 18% 9% 8% 15% 13% 14%
C 22% 20% 6% 6% 6% 22% 27% 21% 10% 7%

North Fork Mineral
13,883 acres
 

A 6% 9% 7% 15% 15% 22% 15% 13% 15% 18%
B 6% 10% 15% 19% 13% 11% 14% 18% 20% 22%
C 6% 8% 11% 17% 22% 23% 18% 14% 14% 28%

Reese Ck.
11,971 acres
 

A 26% 18% 4% 2% 12% 22% 18% 22% 18% 12%
B 26% 24% 11% 13% 14% 11% 15% 19% 17% 15%
C 26% 20% 6% 4% 7% 24% 29% 21% 10% 8%

Lynch Cove*
11,063 acres
 

A 24% 26% 31% 28% 29% 28% 21% 17% 18% 27%
B 24% 33% 39% 33% 28% 22% 25% 28% 33% 31%
C 24% 32% 38% 32% 28% 27% 27% 28% 29% 36%

Tiger
10,092 acres
 

A 8% 5% 4% 7% 6% 4% 3% 2% 4% 7%
B 8% 11% 9% 10% 8% 6% 3% 3% 5% 8%
C 8% 7% 6% 7% 8% 7% 4% 3% 4% 7%

Kennedy Ck.*
9,227 acres
 

A 25% 25% 32% 36% 29% 18% 23% 34% 44% 26%
B 25% 30% 35% 28% 29% 33% 34% 31% 28% 19%
C 25% 35% 24% 18% 34% 40% 34% 33% 22% 40%

West Kitsap*
7,261 acres
 

A 22% 19% 17% 18% 17% 13% 11% 12% 16% 18%
B 22% 23% 20% 19% 19% 18% 15% 15% 16% 16%
C 22% 22% 21% 18% 15% 15% 17% 21% 20% 19%

Catt
6,893 acres
 

A 9% 10% 7% 15% 10% 15% 10% 10% 15% 16%
B 9% 11% 16% 20% 14% 14% 18% 17% 19% 19%
C 9% 10% 14% 17% 14% 21% 19% 22% 16% 22%

North Fork Green
6,602 acres
 

A 24% 17% 1% 2% 6% 16% 26% 26% 18% 11%
B 24% 20% 7% 9% 6% 9% 9% 12% 21% 23%
C 24% 18% 4% 6% 5% 9% 10% 16% 22% 20%

Mineral Ck.*
4,761 acres
 

A 37% 12% 1% 4% 15% 30% 30% 25% 11% 10%
B 37% 16% 8% 7% 7% 5% 15% 17% 22% 13%
C 37% 12% 3% 5% 6% 23% 31% 29% 12% 7%

East Ck.
4,052 acres
 

A 15% 12% 4% 12% 14% 14% 11% 20% 20% 14%
B 15% 13% 6% 13% 15% 8% 12% 11% 8% 12%
C 15% 14% 3% 3% 8% 19% 27% 18% 7% 9%

* Represents WAUs that do not contain rain-on-snow zones.
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It is difficult to separate the effects of  roads from 
harvests because almost all harvested areas have 
roads. Permanent and temporary roads, as well as 
skid trails can decrease percolation and infiltration 
and increase overland flow and even change flow 
routing (Grant and others 2008). Soil compaction 
caused by ground-based harvesting equipment 
such as skidders or tractors can reduce the ability 
of  water to flow downslope at and below the 
ground surface (Moore and Wondzell 2005). All 
of  the alternatives will manage around the same 
amount of  roads over the planning period, and 
skid trails were not analyzed; therefore, DNR 
expects similar impacts to water quantity for each 
of  the alternatives. This damage could reduce the 
amount of  water flowing downhill by puddling and 
potentially decreasing subsurface storm flow. Refer 
to roads (p. 150) and soils discussion (p. 155) for 
more information.

Water Quantity Mitigation
Prior to planning harvest activities, each timber sale 
is reviewed by following the procedure Assessing for 
Hydrologic Maturity2, to ensure it meets the criteria 
established for hydrological maturity. The Riparian 
Forest Restoration Strategy (Bigley and Deisenhofer 
2006) provides specific riparian buffer targets for 
forested state trust lands. These buffers often 
protect streams during flood events by capturing 
sediment and debris and controlling peak flow 
volumes. Riparian and wetland buffers account for 
between 18 and 39 percent of  watershed area in 
the 13 watersheds with at least 20 percent in DNR-
managed acreage. Refer to the riparian (p. 139) and 
wetland (p. 145) discussions for more information.  

There is wide variability in peak flow and storm flow 
volume increases described in the reviewed literature 
from harvested watersheds (Ziemer and Lisle 1998; 
McDonnell 2003). The degree of  forest removal 
and type of  harvest applied can help explain some 
of  the variation (Moore and Wondzell 2005). 
Increases in summer flows also may result from 
reduced transpiration in an entire watershed and 
may be detected from thinning, but generally decline 
to an insignificant level within several years (Moore 
and Wondzell 2005; Ziemer and Lisle 1998). DNR’s 
policy of  maintaining significant canopy cover 
and structure within riparian buffers is a means of  
ameliorating harvest effects on the watershed level.

It is difficult to forecast the intensity of  events on 
the landscape in areas where DNR does not manage 
large amounts of  acres within a watershed (Table 4-
1); activities in upstream areas that are not managed 
by DNR may have critical impacts on the lower 
reaches of  a watershed. According to Grant and 
others (2008), “the impact of  forest harvest in the 
Pacific Northwest on peak flows is substantially less 
than that of  dams, urbanization, and other direct 
modification of  channels.”

Water Quality

Water Quality Criteria and Indicators
As described in Chapter 3, it is DNR’s mandate to 
protect beneficial uses of  water by protecting areas 
where groundwater enters surface water as well as 
key riparian plant species. These goals, outlined 
in the Forest Practices Rules and the 1997 Habitat 
Conservation Plan, are designed to restrict harvest 
activities within stream buffers, reduce erosion, 
and ensure adherence to the rules for applying 
pesticides, herbicides, and fertilizers. 

To measure the effects of  land use on water quality, 
DNR identified as indicators: water temperature, 
sediment levels, turbidity, and water chemistry. 
Turbidity and water chemistry were assessed by 
Ecology (p. 70) and are not further investigated in 
this EIS. Although several of  these factors can be 
measured directly, DNR is assessing their impacts 
by using the riparian acres harvested and stand 
development stages as measureable surrogates for 
assessing the alternatives’ protection of  the shade 
components of  riparian buffers and their limitation 
of  the transport of  sediment into water. 

Water Quality Results
As discussed in Chapter 3 (p. 70), DNR used an 
Ecology assessment from 2008 to identify stream 
locations with potential issues. This report found 
that within the planning unit few stream segments 
had water temperature impairments, and no 
watersheds in which more than five percent DNR-
managed lands were listed as having problems with 
dissolved oxygen, or fine sediment (measured by 
turbidity). Pesticide use (water chemistry) was also 
discussed in Chapter 3. 
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RIPARIAN ACRES HARVESTED
If  there were any difference in water quality when 
the alternatives were compared, the level and type 
(acres thinned vs. variable retention harvest) of  
riparian disturbance would be the best relative 
indicators. Refer to Discussion of  Riparian Results 
(p. 139) for a description of  harvesting activities 
associated with riparian management zones. 

Increases in water temperature often can be caused 
by increases in direct solar radiation as a result of  
near-stream forest canopy removal (Moore and 
others 2008). The potential impacts to water quality 
from forest thinning harvests are anticipated to 
be avoided by the use of  unmanaged inner zones 
adjacent to the streams and the maintenance of  
existing near-contiguous canopy cover over the 
entire stream reach. By tracking differences between 
alternatives in the amount of  riparian acreage 
harvested, DNR is able to identify potential water 
quality issues. Chart 4-11 shows potential harvesting 
trends for riparian areas. The activity levels are 
highest in the first decade and decrease until the 
seventh decade—following the current guidance 
that only one harvest entry is allowed for riparian 
restoration purposes in forest stands less than 70-
years of  age. Alternative C has the highest harvest 
levels followed by Alternative A, then Alternative B. 

STAND DEVELOPMENT STAGES
Forest stands within the Fully Functional, Niche 
Diversification, and Biomass Accumulation stand 
development stages (p. 58) contain large trees 
that provide shade adequate to decrease water 
temperatures. These stand development stages were 
compared, by alternative, in the riparian section 
(p. 139). Figure 4-6 compares the acres of  more 
structurally complex stand development stages 
(Biomass Accumulation, Niche Diversification, Fully 
Functional) to those in less structurally complex 
stages (Ecosystem Initiation, Competitive Exclusion, 
Understory Development). The trend projections of  
the management alternatives are similar with stand 
complexity increasing over time.

Over the short term, all three alternatives are 
expected to produce a near-complete shading of  
the stream environment (Chan and others 2004). 
Sources of  shade will vary; in stands remaining in 
the Competitive Exclusion stage, shade is provided 

by dense, primarily conifer canopies. In riparian 
forests that have reached the Biomass Accumulation 
stage and beyond, shade is from a combination 
of  conifer canopies and shrub vegetation. Stream 
shading on forested state trust lands is projected to 
increase steadily over time under all alternatives. The 
diversity of  vegetation in the later developmental 
stages brings about an increased level of  leaf  
litter and other features of  the desired ecosystem 
functions for these forests (Anderson and others 
2007; Franklin and others 2002). As trees grow 
in size and riparian stands mature into more 
complex stand development stages (Chart 4-10), the 
probability of  significant, adverse, environmental 
impacts is reduced. 

Direct, Indirect, and Cumulative 
Impacts to Water Quality
As discussed in Chapter 3, no DNR-managed 
watersheds in the planning unit contain streams 
listed for sediment concerns (Ecology 2008b). 
However, as discussed in the soils section, some 
watersheds may be predisposed to erosion which, 
if  not properly mitigated at the site, could move 
sediment toward streams and other water bodies.  

RIPARIAN ACRES HARVESTED
Information about the frequency and occurrence 
of  stream-associated wetlands, sensitive soils, 
and unique habitats is not available in GIS data 
as inputs to the forest estate model. Trends for 
riparian harvest treatments (restoration activities) 
are consistently projected to decline over time in 
all alternatives, and none would increase the risk to 
water quality in the long term. The greatest possible 
impacts to water quality are expected in the first 
four decades when the levels of  harvest removal are 
highest (Table 4-13), with harvests being highest in 
Alternative C. Removing trees from riparian areas 
is unlikely to cause a temporary increase in water 
temperature. Stream shade is unlikely to be reduced 
as a result of  restoration activities because of  the 
unmanaged buffer areas adjacent to the streams and 
the almost-continuous canopy in the remainder of  
the Riparian Management Zone, but these activities 
could cause an increase in sediment entering water 
bodies because of  ground disturbance and changes 
in the microclimate near the ground. 
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Table 4-13. Average Percent of Total Acres Harvested in Riparian Areas per Decade

Decades
1 2 3 4 5 6 7 8 9 10

Alternative A 11 5 5 3 2 3 1 0 0 0
Alternative B 6 3 3 6 4 1 0 0 0 0
Alternative C 16 15 12 8 4 3 0 0 0 0

Riparian buffers can reduce the magnitude of  
stream temperature increases and changes to 
riparian microclimate, but substantial warming has 
been observed for streams within both unthinned 
and partial retention buffers (Moore and others 
2008). Immediately following harvest, short-term, 
localized sedimentation may increase in some areas, 
but the vegetation in the inner and no-harvest 
portion of  the Riparian Management Zones would 
prevent most sediment from entering streams.

STAND DEVELOPMENT STAGES
Figure 4-6 shows the movement from less complex 
stand development stages to Fully Functional, 
Niche Diversification, and Biomass Accumulation 
stages. (The riparian section has a more detailed 
discussion of  the differences between alternatives.) 
As the riparian areas become more complex, 
multiple canopies develop and trees become taller 
with larger crowns. The presence of  very large 
trees (≥21 inches dbh) is important for maintaining 
stream shade and cool water temperatures (Bigley 
and Deisenhofer 2006). These changes in forest 
structure improve stream shade, decrease water-
level temperature fluctuations, and when a buffer 
is maintained, help avoid extremely high stream 
temperatures. Over the long term, improved riparian 
function (brought on by more complex stand 
development stages and larger trees) would likely 
lead to improved water quality on forested state 
trust lands; DNR is incorporating by reference the 
2004 Sustainable Harvest Final EIS (p. 4-123) which 
also analyzed these findings.

Water Quality Mitigation
Restoration activities in stream buffers were 
discussed in the riparian section (p. 139) and 
Table 4-7 shows the buffer widths. Wetland buffer 
functions also are described in the wetlands 
results section (p. 145). Although restoration 
harvest activities are allowable throughout the 

riparian buffer areas 
under the Riparian 
Forest Restoration 
Strategy (Bigley 
and Deisenhofer 
2006), none of  the 
alternatives includes 
activities within 

the 25-foot wide inner-zone, except for yarding 
corridors and roads. Increased shade levels over 
time would result in lower stream temperatures, 
which would benefit most aquatic biota. In addition, 
no harvest activities will be conducted on identified 
mass-wasting units within Riparian Management 
Zones. Some research has shown (Rashin and 
others 2006; Gomi and others 2005) that so long as 
appropriate mitigation measures are implemented 
regarding roads and culverts, adverse impacts are 
less likely to occur. Consequently, none of  the 
alternatives are likely to have a significant adverse 
impact on streambank stability or sediment filtering 
capacity. All of  these mitigation strategies are 
described in the 1997 Habitat Conservation Plan, with 
additional measures in the 2004 Sustainable Harvest 
Final EIS, and the 2006 Riparian Forest Restoration 
Strategy.

Fish
Chapter 3 (p. 73) describes the general 
characteristics of  fish, their importance and 
distribution, the species of  concern, and the general 
effects of  DNR management activities related to 
harvesting, roads, and recreation. 

Criteria and Indicators for Fish
The criteria to assess fish are based on the 
assumption that improved forest conditions—
through DNR riparian area management—will 
positivity influence fish by maintaining and restoring 
salmonid freshwater habitat on DNR-managed 
lands. Increasing stand complexity also can 
contribute to the conservation of  other aquatic and 
riparian obligate species (DNR 1997) and minimize 
the adverse effects of  upland management activities 
on riparian areas (Bigley and Deisenhofer 2006). 

Fish habitat is measured by the following set of  
indicators: large woody debris, leaf  and needle litter 
recruitment, water temperature, coarse and fine 
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sediment, water quantity, water pollution and fish 
passage. Chapter 3 contains a general discussion of  
how these indicators can be used to measure the 
environmental conditions necessary for fish. 

To assess the alternatives and compare them, 
DNR is using measurable surrogates for indicators 
where no data or limited data is available. Stand 
development stages will be used as a surrogate 
for large woody debris, leaf  and needle litter 
recruitment, and water temperature. Riparian 
buffers are used to draw inferences about water 
temperature, coarse and fine sediment delivery, 
and fish passage. For water quantity, DNR uses 
the surrogate of  level of  hydrologic maturity of  
the forestlands at the watershed scale to assess 
environmental effects. Refer to the riparian section 
(p. 139) for an explanation of  why these surrogates 
were chosen.

Results for Fish
As riparian forest conditions improve, it is assumed 
that fish will benefit directly. Changes to the 
riparian area are evaluated in riparian (p. 139), water 
quality (p. 150), roads (p. 161), and soils (p. 155). 
Please refer to the charts, tables, and discussions 
mentioned in those sections.

STAND DEVELOPMENT STAGES
All of  the management alternatives are projected 
to increase the area of  complex forests in riparian 
areas over the next 100 years (Figure 4-6). Chart 
4-10 shows that each of  the alternatives increases 
the number of  acres of  riparian areas in the Fully 
Functional stand development stage. 

RIPARIAN BUFFERS

Harvest Acres in Riparian Areas—A comparison 
of  harvested acres in riparian areas by alternative 
presented in Chart 4-11, shows that Alternative 
C has the highest level of  harvest activities. Table 
4-8 shows the acres harvested in riparian areas by 
alternative during the first decade for WAUs within 
greater than or equal to 20 percent of  DNR-
managed lands. Table 4-13 (Water Quality, p. 150) 
compares the average percent of  total harvested 
acres in riparian areas per decade, showing that 
Alternative C has the highest harvest percentage of  
the management alternatives.

Roads in Riparian Areas—Chart 4-12 compares 
DNR’s forest roads to other roads (county and 
state) in the planning unit and shows that DNR has 
less road mileage in proximity to water bodies. Table 
4-18 shows the number of  stream crossings on 
DNR-managed lands by watershed.

WATER QUANTITY

Table 4-11 shows the 100-year average (by 
percent) of  watersheds in hydrologically immature 
conditions. Table 4-12 shows the percent of  total 
DNR-managed acres in each watershed (WAU) with 
an RD less than 25 (Text Box 3-2), considered by 
DNR to be hydrologically immature. Refer to the 
water quantity section of  this chapter for how this 
indicator is assessed (p. 147). 

WATER POLLUTION

Water pollution (water chemistry) is discussed 
in the water quality section of  Chapter 3 (p. 70). 
Ecology’s most recent water quality assessment 
(Ecology 2008b) found that none of  the herbicides 
or fertilizers that DNR uses were mentioned as 
contributors to water pollution in this planning unit. 

Direct, Indirect, and Cumulative 
Impacts to Fish
Many aspects of  fish habitat can affect the ability of  
fish to live and move in a watershed system. Chapter 
3 describes how fish are influenced by habitat 
conditions, characterized here by riparian forest 
condition. 

STAND DEVELOPMENT STAGES IN 
RIPARIAN AREAS

Stand development is a good surrogate for many 
of  the key structural elements of  fish habitat such 
as large woody debris (Franklin and others 2002), 
which can be directly linked to improvements in 
fish habitat (Beechie and Sibley 1997; p. 56). The 
current distribution of  stand development stages 
suggests (Chart 3-1) that many streams may have 
reduced riparian function stemming from relatively 
low levels of  large woody debris input, attributable 
to young forest conditions (Keller and others 1995; 
Rot and others 2000). Large woody debris sources 
and inputs increase as the forest progresses through 
the Biomass Accumulation, Niche Diversification, 
and Fully Functional forest stand development 
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stages (DNR 2004). A discussion of  harvested acres 
in riparian areas expected to achieve more complex 
forest structure is found in the riparian section  
(p. 139), and the water quality results section (p. 150) 
reports on thinnings in riparian areas and the effects 
on stream temperature and sedimentation.

WATER QUANTITY

For all of  the alternatives, all watersheds containing 
sub-basins with acres in rain-on-snow zones are 
forecast to stay above 70 percent in hydrologically 
mature conditions through the 100-year modeled 
period. Consequently, significant changes in peak 
flows due to harvest activities are likely to be avoided 
under each alternative; thereby causing no significant 
impacts to hydrologic maturity on forested state trust 
lands. Peak flow events (such as storms and rain-
on-snow occurrences) can destabilize and transport 
large woody debris, fill pools with sediment, and 
destroy salmon spawning habitat. They also can scour 
complex channels (streams with a diversity of  riffles, 
pools, and large woody debris) into uniform channels 
(streams devoid of  riffles, pools, and large woody 
debris) resulting in limited habitat value (DNR 1997). 
In watersheds containing rain-on-snow zoned acres, 
the likelihood and severity of  damaging flood events 
and possible landslides caused by soil saturation 
or undercutting is reduced by maintaining higher 
levels of  timber with an RD greater than 25. Refer 
to the water quantity results (p. 147) for additional 
discussion.

ROADS

Permanent road networks are perhaps the longest-
lived influence of  forest management on fish and 
related aquatic ecosystems (Trombulak and Frissell 
2000). The amount of  new road construction 
needed to access the forest land base is similar under 
all alternatives; however, the greater amount of  
thinning in Alternative C would likely result in the 
maintenance of  a higher number of  forest roads, 
which could result in higher impacts than Alternatives 
A and B. New roads and any stream crossings, 
whether for motorized or non-motorized transport, 
will be built to meet current road standards, requiring 
adequate fish passage. Habitat fragmentation from 
roads can have a major impact on fish (Trombulak 
and Frissell 2000). Any sub-standard stream crossings 
currently causing fish passage problems as discussed 
in DNR’s Road Maintenance and Abandonment Plan 

will be replaced. With these changes, fish passage 
at man-made structures (bridges and culverts) is 
expected to improve under all alternatives (refer to 
Appendix H for additional details related to road 
management).

Sediment production from roads is a function of  a 
multitude of  factors discussed in the roads section 
(p. 161). Road use (intensity) is expected to change 
based on the amount of  timber removed in certain 
watersheds, by alternative, which can be found 
in Appendix H. For additional discussion on the 
impacts of  sediment on water quality, refer to the 
water quality discussion (p. 150). 

RECREATION

Impacts to fish habitat from recreational activities are 
mainly related to trails built by users to no particular 
standard; they have the potential to cause water 
quality concerns. Refer to recreation (p. 165) for 
additional information. 

Mitigation for Fish
Overall, for all proposed management alternatives, 
the likelihood and severity of  adverse cumulative 
effects to watershed resources, including fish, from all 
the alternatives is low, both for individual watersheds 
and for the planning unit as a whole. The Riparian 
Forest Restoration Strategy (Bigley and Deisenhofer 
2006) was developed as part of  the implementation 
phase of  the 1997 Habitat Conservation Plan. Although 
restoration harvest activities are allowable throughout 
the riparian buffer areas under the Riparian Forest 
Restoration Strategy (Bigley and Deisenhofer 2006), 
none of  the alternatives include activities within 
the 25-foot wide inner zone, except for yarding 
corridors and roads. These previous analyses (DNR 
1996, 2001, 2004, 2006a) indicate that none of  the 
alternatives demonstrate the potential to result in 
substantial adverse effects, in either the short-term or 
the long-term. For additional discussion of  mitigation 
for fish indicators refer to Riparian Mitigation (p.139) 
and Water Quality Mitigation (p. 150)

The Forest Practices Rules were modified in 2001 to 
more fully address the impacts of  forest practices on 
water quality, salmon habitat, and other aquatic and 
riparian resources (DNR 2001). The environmental 
impacts caused by restoration activities in 
riparian areas are mitigated on-site during the 
implementation phase. 
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Soils 
This section analyzes the effects of  timber harvesting and associated road building 
and use on soil conditions in the planning unit. In addition, there is a discussion of  
mitigation techniques designed to protect this essential ecosystem element.

Criteria for Managing Soil Productivity
The criteria for assessing soils include limiting soil compaction, displacement, and 
disturbance; minimizing surface erosion; and preventing management-related mass 
wasting events. Most of  the criteria were described in the Forest Practices Rules (DNR 
2001) and the Habitat Conservation Plan (DNR 1997).

Indicators for Assessing Soil Conditions
The indicators described in Chapter 3 include soil productivity, compaction, 
erosion, and displacement but not all of  them are easily measured. For this analysis, 
percent of  watershed harvested, number of  harvest entries, and harvest types will 
be used as surrogates for the original indicators. Many general effects to soils were 
discussed in Chapter 3, including erosion, compaction, and displacement potentials 
in watersheds with at least 20 percent in DNR-managed acres (Table 3-12).

Risk Assessment
RISK OF EROSION, COMPACTION, AND DISPLACEMENT

Using the information presented in Chapter 3, each watershed was assigned a 
ranking based on the combined value of  the medium and high risk potential for 
three of  the indicators described above (erosion, compaction, and displacement). 
A medium risk means that there is a possibility for impacts from ground-based 
harvest systems. A high risk means impacts cannot be avoided during ground-based 
harvesting when soil moistures are high. When examining erosion, compaction, and 
displacement potentials, DNR considers the physical characteristics of  a soil, slope 
gradient, soil drainage, and seasonal wetness. Table 4-14 presents these rankings 
and the total for the three indicators used to identify which watersheds are prone 
to the highest combined risk level. Most areas are not prone to all three risks at the 
same level.

SLOPE GRADIENT

Within the 13 
watersheds with more 
than 20 percent in 
DNR-managed lands, 
57 percent of  the total 
area has slopes less 
than or equal to 30 
percent slope gradient 
(Appendix M). More 
than half  of  the 
total DNR-managed 
lands in these 13 
watersheds likely 
will be at a higher 
risk of  soil impacts 
because ground-
based harvesting 
methods likely will be 
employed. Soils on 
slopes greater than 
30 percent can be at 
equal or greater risk 
when areas are cable-
yarded without proper 
log suspension. While 
more than half  of  the 
DNR-managed lands 
have slopes less than 
or equal to 30 percent, 
there are three 
watersheds where 
nearly 90 percent of  
the area falls into this 
category: Great Bend, 
Lynch Cove, and 
West Kitsap.   

PERCENT OF 
WATERSHED 
HARVESTED

In Chart 4-3, the 
combined thinning 
and variable retention 
harvest values of  
Alternative A were 
higher than either 
Alternatives B or 
Alternative C in eight 

Table 4-14. Watershed (WAUs) Ranking for Soils Risk (1=highest risk, 13=lowest)

Watersheds Erosion Compaction Displacement Totals
Howard Hansen 1 3 3 7
North Fork Green 3 2 4 9
East Ck. 2 1 7 10
Mashel 4 4 8 16
North Fork Mineral Ck. 5 12 1 18
Catt 7 13 2 22
Reese Ck. 8 10 5 23
Tiger 9 5 9 23
Mineral Ck. 6 11 6 23
Kennedy Ck. 10 6 10 26
W. Kitsap 11 9 11 31
Great Bend 12 8 12 32
Lynch Cove 13 7 13 33
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of  the 13 watersheds represented; the other five 
were highest in Alternative C. The central range of  
values was near five percent of  the total watershed, 
although there were outliers that extended up to 25 
percent. 

The highest average percents of  DNR-managed 
lands forecast to be harvested per watershed are in 
Mineral, Kennedy Creek, Reese Creek, and North 
Fork Mineral while the highest average acreages 
harvested are in Mashel, Great Bend, Howard 
Hansen, and Reese Creek watersheds(Table 4-4). 

HARVEST TYPE

Table 4-3 presents the total acres of  DNR-
managed lands harvested compared to the total 
acres of  DNR-managed lands harvested in 
watersheds where DNR manages 20 percent or 
more over the planning horizon. On average, of  
the 13 watersheds with more than 20 percent 
DNR-managed lands, Alternative B is projected 
to have the lowest area harvested with either 
thinning and/or variable retention harvests over 
the planning horizon at 136,768 acres,  Alternative 
A  is projected to have the largest area harvested 
at 152,835 acres, with Alternative C projected 
to have 151,365 acres harvested. In general, 
Alternative C will have the highest thinning levels 
and Alternative A will have the highest variable 
retention harvest levels. 

Appendix D presents the acreages and percent of  
total acres harvested by watershed and harvest type 
(thinning/variable retention). The analysis in this 
section presents a sampling of  that information. 
Table 4-15 has harvesting values for Mineral Creek 
in the third decade for all alternatives—the highest 

harvest levels of  all watersheds with over 20 
percent DNR-managed lands in all decades. 

The highest percentages of  DNR-managed 
lands thinned in each watershed are projected 
to be in Mashel, Reese Creek, Catt, and Mineral 
Creek. Mineral Creek, as stated, has the highest 
percentage of  total watershed harvested (33%) 
for all alternatives in one decade; where, in 
Alternative A during the third decade, 88 percent 
is projected to be thinned and 12 percent to be 
harvested through the variable retention method 
(Table 4-15). Alternatives B and C have lower 
overall percentages of  harvest (25% and 30%, 
respectively) but slightly higher percentages of  
thinnings to variable retention harvests (97/3 
and 94/6, respectively). However, when looking 
at the harvest levels for all alternatives in these 
watersheds (Appendix D), the range of  harvest in 
the total watershed per decade is between five and 
eight percent; Alternatives A and B generally have 
close to a 50/50 balance of  thinning to variable 
retention harvest while with Alternative C, the 
ratio is closer to 40/60.     

The WAUs with the highest levels of  variable 
retention harvests include Great Bend, Lynch Cove, 
Kennedy Creek, and West Kitsap (only Alternative 
A). Kennedy Creek is projected to have 22 percent 
harvested in Alternative C, although the ratio of  
thinning to variable retention harvest is 61/39, 
which would result in about 1,900 acres of  variable 
retention harvest in Kennedy Creek during the 
first decade. The high value of  22 percent to be 
harvested in Kennedy Creek is an extreme outlier 
compared to the projections for the 100-year 
planning horizon, which has a mean of  only four 
percent for all 10 decades. For these watersheds, 

during the 100-year planning horizon, 
Alternative C consistently has the 
highest number of  harvested acres 
in any given year above Alternatives 
A and B. The average number of  
acres harvested in Alternative C will 
be two to three percent greater than 
Alternatives A and B. However, when 
comparing the ratios of  thinning to 
variable retention harvests, Alternative 
C has less variable retention harvest 
(near 25/75) while Alternatives A and 
B generally have ratios closer to 10/90.

Table 4-15. Mineral Creek Harvest Percentages for Decade Three 

Alternative Total Harvested 
(Decade 3) Total Thinned Total Variable 

Retention Harvest
A 33% 88% 12%

B 25% 97% 3%

C 30% 94% 6%

Table 4-16. Number of Forest Entries by Percent of Acres 

Number of Entries
Alternative 0 1 2 3 4

A 39 20 29 10 1
B 44 22 23 11 0
C 32 35 24 9 1
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Figure 4-7. Harvest Entries by Acres for All Alternatives
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NUMBER OF 
HARVEST ENTRIES

The percent of  acres 
receiving a certain 
number of  harvest 
entries is presented 
in Table 4-16, by 
alternative. Alternative 
B has the greatest 
percentage of  acres with 
zero entries (no harvest) 
but also has the most 
acres with three entries 
(although the values for 
Alternatives A and C are 
very similar). 

For all watersheds 
with at least 20 percent 
DNR-managed lands, 
and for the three 
alternatives, the number 
of  harvest entries 
presented as percent 
of  the total area with 0 
to 4 harvest entries are 
shown in Figure 4-7. 
Alternative C has the 
highest variability in 
values for zero and one 
entry, and has a higher 
median and mid-range 
of  values for one entry 
than both Alternatives 
A and B. Trends for 
Alternatives A and B are 
fairly similar; however,  
although the value 
ranges are comparable 
for two and three entries, 
their medians show that 
values in Alternative 
A tend to be a little 
higher than Alternative 
B. Alternative C has 
a greater percent of  
acreage receiving only 
one harvest entry than 
either Alternative A or B.

H
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In general, for all three alternatives, 35 percent 
or more of  each watershed with over 20 percent 
in DNR-managed acres is projected to remain 
unharvested during the next 100 years. In the 
Howard Hanson, Tiger, and West Kitsap watersheds 
more than 50 percent of  the acreage is forecast to 
remain unharvested during the planning period. For 
additional information related to harvest entries, 
refer to forest conditions (p. 129).

Soils Discussion
CURRENT CONDITIONS DETERMINE THE 
POTENTIAL FOR SOIL DAMAGE
Slope gradient, topography, soil type, and parent 
material determine the potential for soil damage 
such as erosion, compaction, and displacement 
(Table 3-12, refer to Appendix M for definitions). 
On average, of  the 13 watersheds with more than 
20 percent DNR-managed lands, the potential 
for erosion is significant because more than 50 
percent of  the land base is at least a medium risk 
for erosion (Table 3-12) based on the physical 
characteristics of  the soils but only seven percent 
is at high risk—widespread erosion can be avoided 
only if  surface disturbances caused by management 
activities (such as certain harvesting practices) are 
limited. For the same watersheds, nearly 75 percent 
of  the total lands are at medium risk of  compaction 
and 30 percent are at high risk, especially when soil 
moistures are high. Displacement has the highest 
percentage of  acres in the high risk category (43%), 
although it may be the least severe of  the three 
indicators. The impacts of  displacement are often 
indirect. When soil is displaced, the surface layer or 
“duff ” is often removed, increasing the potential 
for erosion at the site (DNR 1980, unpublished 
metadata). 

The slope of  an area is a very important factor for 
several reasons. Primarily, if  a slope is greater than 
30 percent, then alternative harvesting methods 
(such as cable yarding) may be used to reduce the 
risk of  erosion on a site, although under certain 
conditions, traditional harvesting methods may be 
used in areas with up to 40 percent slope gradient. 
Second, poor soil management (such as removal of  
upper soil layers and duff  or high compaction from 
road building) has the potential to reduce a soil’s 
natural productivity (DNR 1996). 

PERCENT OF A WATERSHED HARVESTED 
AFFECTS THE LIKELIHOOD OF SOIL IMPACTS
Generally, forest vegetation stabilizes soils, reduces 
soil erosion, and slows sediment transport to 
streams (DNR 2004); therefore, the higher the 
percentage of  an area harvested, the greater the 
potential for adverse soil impacts. Vegetation 
cover also protects soil from incoming solar 
radiation which can lower soil moisture, decrease 
decomposition rates, and possibly decrease soil 
productivity by changing ground level micro-
climates. The direct impacts of  timber harvesting 
such as compaction, erosion, and displacement 
are expected to be much higher for Alternative 
A in a majority of  the watersheds, followed by 
Alternative C. Watersheds with relatively high 
levels of  harvesting such as Kennedy Creek, Lynch 
Cove, and Mineral Creek are at much higher risk 
of  soil impacts when compared to Tiger and West 
Kitsap watersheds which will experience only 
approximately half  that harvest level. The impacts 
of  the different harvest methods will be analyzed in 
the next section. 

HARVEST TECHNIQUES 
DNR uses a variety of  harvest systems to achieve 
desired silvicultural objectives, with the choice of  
system depending on the slope and topography 
of  the area (DNR 2004). Ground-based systems 
generally have the greatest potential to impact soils 
adversely because the weight of  the machinery 
can lead to compaction or displacement. For both 
thinning and variable retention harvests, heavy 
machinery typically makes several passes over the 
ground surface, potentially damaging root systems 
and increasing soil bulk density. Soils are most 
susceptible to these effects during wet seasons and 
equipment use may cause little or no damage when 
the ground is frozen. Cable- and helicopter-yarding 
are generally used to yard logs on slopes over 30 
percent (although ground equipment may still be 
used on certain slopes of  more than 30%). These 
methods typically have minimal soil impacts so 
long as they are done correctly. The creation and 
use of  yarding corridors and skid trails also can 
pose threats to soils because they often lead to soil 
compaction and displacement. Steeper slopes are 
commonly at higher risk of  soil damage. More than 
40 percent of  the planning unit could be at elevated 
risk of  some form of  soil damage if  harvest 
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operations are poorly planned and/or executed. 
Harvest methods will be determined on a site by site 
basis, by slope gradient, topography, and soil type. 
Most often, areas identified as having a high risk of  
mass wasting are avoided. 

THINNING VERSUS VARIABLE RETENTION 
HARVEST
The percent of  area forecast to be thinned is similar 
for most watersheds in Alternatives A and B but 
Alternative C has much higher thinning levels for 
several watersheds including Kennedy Creek, Lynch 
Cove, Tiger, and West Kitsap. For all alternatives, 
the trends for variable retention harvests are very 
similar. Alternative A has the highest overall area of  
variable retention harvests followed by Alternative 
C and then Alternative B. All types of  harvesting 
can result in short-term surface erosion until the site 
is re-vegetated (within 5 years of  a harvest), which 
increases the probability for sediment transport to 
streams. Often, watersheds with higher levels of  
variable retention harvests have lower percentages 
of  acres with soils impacted than those watersheds 
with more thinnings.    

NUMBER OF HARVEST ENTRIES COULD 
IMPACT THE SEVERITY OF IMPACTS TO SOILS 
Adverse impacts to long-term soil productivity 
are directly related to the frequency and intensity 
of  forest management activities (DNR 1996). 
Compacted soils often require several decades to 
recover (Cafferata 1992); therefore, frequent entries 
can lead to persistent, long-term soil compaction. 
Following the methodology in the Sustainable Harvest 
Final EIS (2004, p. 4-97) each alternative was given 
a rank based on the percent of  acreage impacted 
per decade by harvest type (refer to Appendix M). 
Therefore, Alternative A has the highest rank for 
expected soil impacts, followed by Alternatives C 
and B. Although Alternative A is projected to have 
the greatest area with variable retention harvests, 
it also is projected to have the greatest percentage 
of  acres with more than two entries; thus, a greater 
number of  acres will be receiving more intense 
management under Alternative A as often or more 
often than Alternatives C and B. Compaction 
is more likely to occur as the number of  entries 
increases, and Alternative A therefore is more 
likely to lead to compacted soils than the other 
alternatives. Alternative B has the lowest probability 

of  reducing long-term soil productivity because it 
has the fewest acres affected overall.

Direct and Indirect Impacts to Soils
SOIL IMPACTS FROM ROAD USE AND 
MANAGEMENT
The most significant management-related impacts 
to soils result from the creation and use of  roads 
and landings because these areas are cleared of  
vegetation, their upper soil horizons are often 
removed, and their lower soil horizons are 
compacted. Multiple entries increase the number 
and aerial extent of  temporary roads, potentially 
contributing to higher levels of  surface erosion. 
Road mileage, density, and placement are not likely 
to change much between alternatives. The harvest 
type often determines whether a temporary or 
permanent road is built and the effects of  these 
roads vary. The general impacts of  road use and 
management are discussed in the roads section (p. 
160).

RECREATIONAL ACTIVITIES AND SOILS
Recreational access can cause additional compaction 
and erosion on forest roads, in campgrounds, and 
on trails. As addressed in the recreation section  
(p. 165), proximity to developed or urbanized areas 
can have a substantial effect on the amount of  
use and impacts that a recreational area receives. 
Recreational impacts are expected to vary across 
the landscape. Alternatives B and C propose using 
suitability assessments to identify any sensitive areas 
which will help managers decide where to place 
future recreation sites in order to have the lowest 
environmental impacts. Alternative A would not 
have this additional assessment tool.  

Potential Cumulative Effects to Soils
Compaction, erosion, and reduced productivity 
are the anticipated direct impacts to soil caused by 
timber harvesting, road construction, and recreation. 
The combined effects of  compaction and erosion 
can reduce a soil’s productivity, which in turn could 
have long-term effects on forest conditions (p. 124). 
Major soil displacement events (such as landslides 
and road/landing construction) can remove the 
upper soil layers, resulting in a long-term loss in site 
productivity. Vegetation removal can limit a soil’s 
capacity to hold moisture and lead to changes in 
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the surrounding microclimate, potentially reducing 
soil productivity. Erosion and soil displacement can 
increase sediment levels in water bodies, decrease 
water quality (p. 150), and reduce the quality of  
fish habitat (p. 152). Soil compaction also can 
affect water quantity via reduced infiltration and 
groundwater recharge, potentially resulting in 
increased overland flow and surface erosion. 

Considering that some soils are subject to a loss 
in productivity through compaction, erosion, and 
displacement, the Risk Assessment provides a 
ranking system (although only as one watershed 
relates to another) to determine potential 
productivity loss for each watershed. Examination 
of  this ranking in combination with estimates of  
percent of  watershed harvested shows that with 
the exception of  Mashel (ranked fourth of  13 
watersheds for risk related to erosion, compaction, 
and displacement; refer to Table 4-14), the acres 
forecasted to be harvested are at the lowest risk 
for compaction, erosion, and displacement when 
compared to the other watersheds with greater than 
20 percent of  their acreage in DNR management. 

Different harvest methods often produce varying 
degrees of  soil impacts. The degree of  soil impacts 
often coincides with the number of  entries in 
an area. Mashel, Reese Creek, Catt, and Mineral 
Creek watersheds are projected to have the greatest 
percentage of  thinning and are projected to have 
percentages above the average for all watersheds 
with two or more entries. On the other hand, 
the watersheds with high percentages of  variable 
retention harvest entries are forecast to have values 
well below the average for two or more entries (with 
the exception of  Alternative C in Kennedy Creek 
which has a high thinning level). Compared to the 
other WAUs, West Kitsap has the third highest level 
of  zero harvests. 

The additive effects of  the three indicators can 
heighten the risk of  soil damage. For example, the 
Howard Hansen watershed was rated at highest 
risk for erosion and third for both compaction 
and displacement. The combined ratings placed it 
at the top of  the list for areas predisposed to soil 
damage. However, 75 percent of  the watershed 
has slopes that exceed 30 percent and it therefore 
may receive alternate harvesting methods (cable 
and/or helicopter), which should help mitigate soil 

impacts. In addition, the same watershed, although 
containing the most DNR-managed acreage, was 
ranked between eighth and twelfth for percent of  
total acreage harvested. No more than 10 percent 
of  the watershed is projected to be harvested in any 
given decade, with the average harvest rate being 
less than five percent of  the watershed per decade. 
In the Howard Hansen watershed, the maximum 
decadal harvest level projected for each alternative 
(10, 7, and 6 percent for Alternatives A, B, and C, 
respectively) has high levels of  thinning compared to 
variable retention harvests (81/19, 70/30, and 88/12 
for Alternatives A, B, and C, respectively). Retaining 
more vegetation via thinning should protect soils 
from harvest-related impacts.

Howard Hanson watershed has one of  the lowest 
values for multiple entries compared to the other 
watersheds and has nearly 60 percent of  its land base 
with no harvest entries under all three management 
alternatives. These lower levels of  multiple entries 
should protect soils by limiting compaction and 
erosion. Therefore, although relative to the other 
watersheds the area may be particularly susceptible 
to erosion and compaction because of  its slope, 
projected timber harvest methods, and timing (spread 
among decades), the likelihood of  adverse soil 
impacts is fairly low. The percent of  acres affected 
varies between alternatives but Alternative B would 
have the lowest impact level because it has more 
unharvested acres and more acres of  thinning than 
variable retention harvest. Alternative C would have 
the next lowest impact level, followed by Alternative 
A. Refer to Appendix D to compare values in other 
watersheds.  

Without knowing the specific conditions of  a harvest 
unit—including the harvest method, timing, soil 
properties, time since last harvest, and weather—it is 
difficult to assess the level of  expected impacts at a 
specific site. Site conditions and their related impacts 
are assessed on a site-by-site basis.  

Soils Mitigation
There are several procedures in place at DNR that 
protect soil integrity during management activities. 
Normally, when procedures change they provide 
additional protections; therefore, any future changes 
are not expected to cause additional impacts.
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Assessing Slope Stability (PR 14-004-050) — In 
western Washington, the Shaw/Johnson model (and 
LIDAR, where available) is used as a screening tool 
for assessing slope stability. In areas where there is a 
heightened landslide potential, a licensed geologist 
commonly visits the site (or conducts an office 
review of  proposed timber sales using LIDAR and 
orthophotography) to analyze landslide risk and help 
develop appropriate mitigation measures.

Maximum Size for Even-Aged Final Harvest Units 
(PR 14-005-050) — This procedure is designed to 
limit the area of  regeneration harvest units to 100 acres 
unless a larger area is approved by a region manager.

Road Construction and Maintenance (WAC 
Chapter 222-24) — These regulations provide 
information related to the construction and 
maintenance of  forest roads. 

Public Access and Recreation (WAC Chapter 332-
52) — These recreation rules are designed to define 
acceptable recreational behaviors in balance with 
DNR’s obligations to the trusts it manages. 

There are a number of  resources that DNR uses when 
preparing timber sale contracts that help mitigate 
the impacts of  timber harvesting activities on soil. 
Mitigation measures are often based on the harvesting 
method or type, slope gradient, timing, and the site 
characteristics. On some special projects, geologists 
and hydrologists are consulted to help identify areas 
to avoid and locations for skid trails. Additional 
mitigation methods also are identified to protect soils 
from unnecessary compaction or erosion especially 
near streams, on steep slopes, or on roads (such as 
redirecting waterflow using waterbars). All harvesting 
contracts provide regulations for the width of  skid 
trails, allowable soil compaction levels, and acceptability 
of  tree rub; however, only some contracts prescribe 
where skid trails and log decks should be built. DNR 
uses rutting as a primary identification method 
of  negative on-site impacts. Contracts also may 
include seasonal timing restrictions, ground pressure 
regulations for ground-based equipment, suspension, 
or deflection requirements for cable yarding, and other 
harvesting regime-specific guidelines. Because of  
careful assessment of  lands while developing contracts 
and the consistent rules included within them, DNR 
does not anticipate differences in impacts between 
alternatives for contract logging.   

Roads
Chapter 3 (p. 82) describes the current road network 
and why roads are important for management and 
access. It also describes the criteria and indicators 
used in this analysis: road density, sediment delivery, 
site productivity, hydrology, invasive plants, and 
riparian habitat as well as water and air quality. 

Indicators for Assessing Forest Roads
To assess and compare the differences between 
the alternatives, DNR is using road density as a 
surrogate for measuring hydrology and invasive 
plants, since these elements are not directly 
measured by DNR. DNR uses the proximity of  the 
road network to water bodies and stream crossings 
as a surrogate to assess the impacts from the road 
network on sediment delivery, riparian habitat, and 
water quality. 

The number of  truck trips needed to remove 
the estimated harvest volume and the number 
of  recreational visitors per year will be used as a 
surrogate to measure impacts to air quality.

Forest Road Results
FOREST ROAD DENSITY
Road density is a useful measure for describing 
the extent of  the forest road network. In this 
planning unit, the average road density is 3.2 
miles per square mile (Table 3-13). Forest roads 
include those currently maintained and used, 
as opposed to abandoned roads, which do not 
require maintenance, and orphaned roads (includes 
railroad grades) which have not been used for 
forest practices activities since 1974. Cederholm 
and others (1981) found that sedimentation in 
streams increases with road density, but the greatest 
sediment increases were related to road construction 
rather than to vehicle traffic during timber 
extraction. However, the proportion of  a watershed 
occupied by roads has an influence on hydrology 
(p. 150), with corresponding effects on geomorphic 
processes and sediment loads in roaded areas (Luce 
and Wemple 2001). 

The decision to build more forest roads is based 
on the distance from an existing road to a harvest 
unit. For this analysis, DNR has chosen 800 feet as 
the maximum distance from a road that timber can 

R
o

ad
s



162	 	 	 	 	 	 	 	                  Washington Department of Natural Resources

be harvested without constructing additional forest 
roads (Appendix H), unless aerial harvesting is used. 
Currently, 32 percent of  the land base is beyond 800 
feet of  an existing road. The 32 percent includes 
riparian and wetland buffers, potentially unstable 
slopes, and special habitats in which DNR avoids 
constructing forest roads. The watersheds with the 
greatest acreage beyond 800 feet of  an existing road 
are North Fork Mineral, Mashel, and Tiger. North 
Fork Mineral and Mashel have a lower density of  
roads because historical logging in this area was 
done using railroad systems instead of  roads. The 
railroad grades still exist as orphaned roads, and are 
often reconstructed for use as forest roads, which 
then become part of  the active road network and 
subject to maintenance requirements.

Tiger watershed has fewer roads because one-third 
of  DNR-managed trust lands in the watershed are 
managed and protected as a state natural area under 
the West Tiger Natural Resources Conservation 
Area3. The natural area is not included in the 
harvestable land base.

Table 4-17 shows the amount of  the DNR–managed 
land base further than 800 feet from an existing road, 
along with the amount of  harvestable and inoperable 
lands. DNR assumes that, in order to gain access in 
the future, additional roads will be needed or different 
harvest methods will be used. North Fork Green, 
Howard Hansen, Tiger, and West Kitsap watersheds 
have the highest number of  inoperable acres where 
roads will most likely not be constructed.

ROAD 
PROXIMITY TO 
WATER BODIES 
AND STREAM 
CROSSINGS

Roads—specifically 
at road crossings—are 
a significant source 
of  sediment to water 
resources. Another 
measurement for 
assessing the impacts 
from roads is the 
proximity of  the 
road network to 
water (Chart 4-12). 
Sediment production 
from roads is a 

function of  a multitude of  factors that include road 
grade, road length, road age, surface material and 
condition, cut slopes, local climate, and soil. 

Chart 4-12 shows that a lower percentage of  DNR 
roads as compared to other roads (state highways, 
county roads) are near streams, lakes, or other water 
bodies. The delivery of  road runoff  and sediment to 
streams generally decreases as the distance between a 
road and a stream increases, as discussed in Chapter 
3 (p. 82). For additional information on the impacts 
of  sediment on water quality, refer to Water Quality 
Discussion (p. 150). It follows that road sediment 
delivery is highly dependent on stream density in a 
watershed, as this affects both the number of  road 
crossings (Table 4-18) and the proximity of  the 
roads to the stream channel network (Chart 4-12). 
The surface material of  the road is another factor 
since unpaved roads can increase surface erosion 
rates by two or more orders of  magnitude relative to 
undisturbed hillslopes (MacDonald and Coe 2007; 
Sugden and Woods 2007).

ROAD USE 
Road use can cause rutting and result in surface 
erosion. Surface erosion from road use is variable 
and depends on factors such as slope, precipitation 
intensity, soil type, soil rock content, and traffic 
(Sugden and Woods 2007). The mean annual 
precipitation appears to be the primary control on 
road-stream connectivity (p. 55). Vehicle exhaust 
affects air quality (p. 199) and traffic on gravel roads 

Table 4-17. Harvestable Acres 800 Feet from the Existing Road Network

Watersheds
DNR Acres > 800 

ft from existing 
forest road

Harvestable 
Acres > 800 ft.

Inoperable 
Acres > 800 ft.

Total DNR- 
Managed  Acres

North Fork Mineral 5,249 4,969 280 13,883
Reese Ck. 3,683 3,382 302 11,971
Catt 2,165 2,127 38 6,893
Kennedy Ck. 2,034 1,612 422 9,227
North Fork Green 2,328 839 1,488 6,602
Howard Hansen 4,723 1,797 2,925 16,499
Lynch Cove 2,805 2,377 428 11,063
Great Bend 3,673 3,358 314 16,318
Mashel 6,167 5,882 285 15,139
Tiger 6,200 2,573 3,626 10,092
Mineral Ck. 797 667 130 4,761
West Kitsap 2,125 836 1,288 7,261
East Ck. 986 907 79 4,052
Total Acres 42,935 31,326 11,605 133,761
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produces dust. Road impacts increase with road use, 
and include not only harvest-related traffic but also 
use by recreational visitors (Table 3-15). 

The actual miles of  forest roads are not expected 
to vary much between management alternatives; 
while some roads are built, others are abandoned 
in accordance with Forest Practices Rules: Road 
Maintenance and Abandonment Plans4. However, 
road use (intensity) is expected to change based 
on the amount of  timber removed in certain 
watersheds by alternative (refer to Appendix H). 
The average number of  truck trips by decade and 
alternative for the selected watersheds are shown in 
Table 4-19. 

ROAD DENSITY
When comparing the road density (Table 3-13) 
to the watersheds with the highest amount of  
truck trips per decade (Table 4-19), Alternative 
A has higher road usage compared to the 
other alternatives. Each truck is assumed to be 
hauling 4.5 thousand board feet (mbf) of  timber. 
However, the watersheds with the highest number 
of  truck trips (Table 4-19) change by alternative 
and watershed. For example, under Alternative 
A, Mashel has the highest number of  trips while 
North Fork Mineral is highest under Alternatives 
B and C.

Chart 4-12. Relative Comparison1: Percent of DNR Forest Roads to Other Roads2  
Proximity in to Water3 (in feet) 
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1. Only stream types 1, 2, and 3 are 
included. This was done to reduce the 
influence of stream mapping error dif-
ferences in DNR vs. non-DNR lands.
2. All road types (interstates, highways, 
dirt roads) are shown, as are all road 
activity status (maintained, abandoned, 
orphaned).
3. Wetlands are included. Non-road 
features are not shown (for example: 
trails, ferry routes and railroads).

Direct and Indirect Impacts from 
Forest Roads
WATER QUALITY
Road crossings have a direct impact on water quality. 
Stream crossings are the primary delivery route 
for road-generated sediment (Duncan and others 
1987). Best and others (1995) examined 111 stream 
crossings on unpaved logging roads and found that 
stream diversions at road crossings are the most 
important causes of  fluvial erosion in the watershed. 
Most road-generated sediment is produced by traffic 
or from surface erosion immediately preceding 
construction during the first couple of  storm events 
(Coe 2004). However, DNR implements measures 
to ensure that the original channel and gradient are 
maintained. 

GUIDANCE FOR ROAD USE 
Guidance on road use is provided in the Forest 
Practices Board Manual with specifics on how to 
reduce road damage and sediment yield from road 
surfaces. Most resource concerns can be avoided when 
good road construction techniques and adequate road 
maintenance practices are used (DNR 2001). Some 
of  the best methods are timing restrictions (closing 
or limiting access) and following road maintenance 
requirements. Most of  the recommendations found in 
the Forest Practices Board Manual are related to forest 
management activities, but forest roads are also used 
for recreational activities such as off-road vehicle  
use (p. 166). 
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Cumulative Effects from Forest  
Road Use
The primary difference between the three 
management alternatives can be summarized by 
examining the amount of  timber removed by 
watershed or the number of  truck trips per decade. 
Although harvest levels are partially related to 
overall traffic levels on forest roads, truck traffic 
or road length are unlikely to be the main causes 
of  sedimentation. For additional information 
on the impact of  truck traffic on elements of  

Table 4-18. Number of Stream Crossings on DNR-Managed Lands by 
Watershed and Water Type1

Watersheds
State Lands Water Type

1 2 3 4 5 9

Catt 3 2 2 49 64
East Ck. 1 1 10 20 37
Great Bend 1 18 6 30 42
Howard Hansen 1 3 22 108 47
Kennedy Ck. 8 9 26 22
Lynch Cover 4 5 2 14
Mashel 9 10 39 37
Mineral Ck. 3 7 37 64
North Fork Green 13 43 15
North Fork Mineral 1 14 22 102 100
Reese Creek 11 16 34 47
Tiger 6 7 35 18
West Kitsap 3 3 4 8
Grand Total 6 1 79 132 529 515

1. For Types 4, 5 and 9 the number of crossing is likely an underestimate, since these small streams are greatly under-
represented on DNRs current hydrography (stream network maps) Only DNR -managed lands within the South Puget HCP 
Planning Unit were used in this analysis. 

Source: Prepared by Chris Snyder, 20090619

Table 4-19. Decade Average of Truck Trips for 
Watersheds with ≥ 20 Percent DNR-managed 
Acres, by Alternative

Watersheds A B C
North Fork Mineral 8,518 8,154 8,672
Great Bend 8,129 6,427 7,445
Reese Ck. 8,160 5,879 6,097
Lynch Cove 6,174 6,163 6,453
Catt 3,997 7,580 2,416
Mashel 9,664 6,420 5,080
Kennedy Ck. 7,349 3,419 2,962
Howard Hansen 7,272 2,084 6,475
Tiger 2,058 4,906 2,298
North Fork Green 4,018 2,972 4,480
Mineral Ck. 3,104 2,179 2,580
East Ck. 1,999 2,174 2,097
West Kitsap 2,186 1,635 1,531
Total 72,628 59,992 58,586

the environment, DNR is 
incorporating by reference the 
2004 Sustainable Harvest Final 
EIS (p. 4-104 to 4-108).

Traffic on forest roads has 
the potential to increase 
sedimentation to water and 
produce dust and exhaust 
gases affecting air quality 
(p. 197). The ranking of  
watersheds with the highest 
amount of  truck trips varies 
by alternative, as shown in 
Table 4-19. The potential for 
impacts from forest roads on 
the environment is measured 
by increased use. Higher road 
usage from forest management 
activities combined with 
recreation could have additional 
impacts on air quality, water 

quality, and wildlife habitat (p. 145). It is worth 
noting that the amount of  traffic from recreational 
use is expected to increase based on population 
demographics (refer to recreation) (p. 165).

Another factor to consider is the distance of  a 
harvest unit from a maintained forest road. In 
attempting to determine where roads might be 
needed in the future, Table 4-17 shows the acres 
within the selected watersheds beyond 800 feet 
of  an existing road. Mashel (6,167 acres) and 
North Fork Mineral (5,249 acres) have the highest 
amounts of  acreage further than 800 feet from an 
existing forest road along with the greatest amount 
of  harvestable timber, so greater shares of  road 
construction (either temporary or permanent roads) 
would most likely be located in these watersheds.

Higher road densities provide increased access to 
the forest. Watersheds with greater than average 
(3.2 mi/mi2) road density are: Mineral Creek (5.0 
mi/mi2); Great Bend (4.2 mi/mi2), Howard Hansen 
(4.1 mi/mi2); and Kennedy Creek (3.7 mi/mi2). 
Higher road densities provide more vehicle access 
which can result in seed transport of  exotic plant 
species into new areas (Fuentes and others 2007). 
Road construction can decrease site productivity 
by altering soil properties, changing microclimates, 
and accelerating erosion (p. 155). Road density also 
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can be used as an indicator to assess impacts to 
wildlife populations through habitat fragmentation. 
However, the environmental impacts from the road 
network are reduced by the mitigation measures 
described below.

The Howard Hansen and North Fork Mineral 
watersheds have the highest numbers of  forest road 
stream crossings (Table 4-18) along with some of  
the highest harvest levels per decade (Appendix D). 
Much of  the North Fork Mineral watershed that 
is more than 800 feet from an existing road (Table 
4-17) is operable (available for harvest), meaning 
more roads and stream crossings could be needed in 
the future to access the timber, possibly resulting in 
higher impacts to this watershed than the others.

Forest Road Mitigation 
While the impacts to the environment from forest 
roads are important to understand, all three alternatives 
are expected to have a similar road network and thus, 
similar impacts. Roads are constructed and maintained 
according to Road Construction and Maintenance4. DNR 
roads are designed to protect water quality and riparian 
habitat by constructing and maintaining them to 
limit the delivery of  sediment to waters. New roads 
are constructed according to the Forest Practices Rules, 
including specifications to minimize sediment delivery 
to streams. Proper road design and maintenance, in 
addition to best management practices, are important 
steps toward reducing road-related sedimentation 
(Coe 2004). DNR’s road design, construction, and 
maintenance practices are conducted to Forest 
Practices and agency standards to reduce road-related 
sedimentation.

Road maintenance is an essential part of  management. 
Timing of  this construction and erosion control 
methods are two of  the most important ways to 
reduce sediment delivery from roads (Ecology 2008b). 
Roads that are no longer used or maintained are likely 
to continue to deliver sediment to streams (DNR 
2001). According to Arnaez and others (2004), the best 
means for reducing sediment yields are to adjust the 
design of  forest roads to fit the topography, apply well-
established best management practices, and minimize 
the mobilization of  sediment. These practices, which 
are outlined in the Forest Practices Board Manual, 
are currently used by DNR and will continue to be 
implemented in the planning unit.

Public Utilities and Services 
DNR is incorporating by reference the 2004 
Sustainable Harvest Final EIS which discusses 
the potential effects of  forest harvest on the 
transportation infrastructure, using the assumption 
that higher projected harvest volumes would result 
in increased logging truck traffic. Since forest land 
planning is designed to implement the sustainable 
harvest volume, set in 2004 and amended in 
2007, none of  the alternatives presented in this 
Final EIS is expected to result in any significant 
adverse impacts on transportation infrastructure 
(DNR 2004). Some trust revenues are available for 
maintenance and improvements to public utilities 
and services (DNR 2004). 

Recreation 
Chapter 3 (p. 85) gives a general description of  why 
recreation is important and the criteria DNR uses 
for the management of  recreation on forested state 
trust lands. The criteria include the Multiple Use Act5 
and the 2006 Policy for Sustainable Forests. 

Indicators Used to Measure 
Recreational Impacts
The indicators used in this analysis are population 
demographics, public access and road use, and 
recreational facilities. Chapter 3 provides a general 
discussion of  these indicators and how they 
influence recreation. Demographic trends are useful 
because they provide estimates of  potential uses by 
age and activity; these factors then provide a basis 
for analyzing environmental impacts.

DNR’s road network, along with paved state and 
county roads, are main access points for the general 
public to trust lands for recreational purposes, 
and by examining access areas and the types of  
recreational uses visitors seek, DNR can infer the 
types of  impacts recreation might have on elements 
of  the environment. Road miles (open vs. closed) 
are used as a measure of  availability and therefore 
some measure of  impact to resources.

Recreational opportunities are measured by the 
number of  facilities, trails, and yearly visitors. These 
opportunities may be affected by levels of  harvest 
activity across the three management alternatives.
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Recreation Results
POPULATION DEMOGRAPHICS
As Washington’s population continues to increase 
over time (Chart 4-13), it is assumed that probable 
impacts on the environment will increase as well. 

The age of  the population is useful in projecting 
future recreational needs and trends. A key 
consideration in estimating recreational participation 
is the distribution of  an activity by a particular age 
group (IAC 2003). In Washington, the majority of  
recreational users are in the age group 35 to 49 (IAC 
2003). Table 4-20 provides a population forecast for 
the three largest counties in the planning unit (OFM 
2007a, 2007b) and Table 4-21 shows the percentage 
of  the population (2008) by age groupings in the 
same counties (OFM 2008).

Table 4-22 provides a forecast of  recreational 
activities based on the age of  participants using the 
entire U.S. population (USDA 2004). Appendix I 
lists the recreational uses that DNR provides in this 
planning unit while Table 4-22 shows the top five 
activities (highlighted in blue) in this planning unit.

Participation in recreation using off-road vehicles is 
highest for 16- to 30-year-olds (Cordell and others 
2005). Chart 4-14 forecasts the expected rise in 
the state’s population of  individuals 16 to 30 years 
of  age (OFM 2008). On average, off-road vehicle 
users are significantly younger and more likely to 
be male with slightly 
higher incomes for their 
age group (Cordell and 
others 2005). However, 
according to OFM, all 
age groups are expected 
to grow considerably 
through 2020, but older 
age groups (over 30) are 
expected to demonstrate 
the most growth as 
shown in Chart 4-13.

Another trend to look 
at is the number of  
vehicle registrations 
over the last 26 years 
(Table 4-23), which 
show that off-road 
vehicle registrations 

have doubled each decade, which is fairly consistant 
with the state’s population trends and the increased 
popularity of  this activity.

PUBLIC ACCESS AND ROADS
While road maintenance issues, seasonal wildlife 
closures, and vandalism restrict or limit access to 
the majority of  DNR roads in the planning unit, 
there are 97 miles of  roads open year-round and 
42 miles open seasonally (closed in mid-late fall to 
mid-spring). They give access to the 450 miles of  
trails and many recreational sites in the planning 
unit (Table 3-14). Many recreational opportunities 
on state trust lands are located at low-elevation sites 
with year-round access from state or county roads, 
which may explain their high use. The majority of  
the state’s population lives within an hour’s trip of  
this planning unit, and the primary use of  DNR’s 
recreational facilities is trail-based day-use.

The majority of  the Grass Mountain and McDonald 
Ridge areas are closed to all public access (including 
non-motorized use) except by permit in order to 
protect the City of  Tacoma’s water reservoir. DNR-
managed lands west of  the watershed boundary 
at McDonald Ridge are open for non-motorized 
day-use recreation. The only access to these lands 
is through private land holdings. These access areas 
are expected to remain constant over time; however, 
temporary closures occur when management 
activities pose a threat to public safety.

Chart 4-13. Projected Age and Growth Rate of Washington’s Population 
(1970-2030) 
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RECREATION FACILITIES
The current recreational opportunities 
are shown in Table 3-14. State budget 
cuts enacted during the 2009 Legislative 
session reduced DNR’s recreation 
program budget. Funding provided by 
the Non-Highway Off-Road Vehicle 
Activities (NOVA) was granted by the 
Legislature to Washington State Parks 
for at least the next two-year budget 
cycle, and will result in reduced services 
at some DNR-managed recreation areas. 
While these cut-backs are considered 
temporary, there is no guarantee the 
funds will be restored to their previous 
level and that cuts will not occur again in 
the future.  

DNR’s Recreation Program is committed 
to providing the public with a safe, 
enjoyable, and sustainable recreational 
experience while helping ensure that 
allowed activities are low-impact, and 
mitigated where necessary. When DNR 
is unable to meet these commitments or 
its ability to maintain or manage facilities 
is impacted by budget constraints, DNR 
must reduce services (Table 4-24). These 
reductions are focused on recreation 
facilities that do not provide access to a 
trail system, have fewer than 2,000 visitors 
per year, and have a high maintenance 
cost-to-visitor ratio. Some unintended 
impacts to the environment could occur 
as other facilities absorb additional visitors 
or as one use replaces another as a result 
of  reductions in services.

Direct, Indirect, and 
Cumulative Impacts from 
Recreation
POPULATION DEMOGRAPHICS
Various types of  land management 
activities impact recreational use in 
different ways. While timber harvests 
on DNR’s forested state trust lands 
generally are considered to be 
compatible with pleasure driving on 
forest roads, motorized trail use, hunting 

Table 4-20. Population Forecasts for King, Pierce, and Kitsap 
Counties (2000-2030)

Population Estimate
20001 20302

County Baseline Low Intermediate High
King 1,737,034 2,016,312 2,262,977 2,548,112
Pierce 700,820 903,819 1,050,953 1,213,326
Kitsap 231,969 245,397 314,610 396,879

 1. 2000 population estimates based on Census 2000, U.S. Census Bureau.
 2. OFM provides Low, Intermediate, and High population forecasts through 2030 for planning purposes.      	
 The range in population forecasts is based on economic and other assumptions.
 Source: OFM 2007.

Table 4-21. Percent of Population by Age Group and County 
(2008)
Age King County Pierce County Kitsap County
15-34 30% 29% 27%
35-54 23% 22% 22%
55-69 19% 18% 20%

 Source: OFM 2008 Data

Table 4-22. Recreational Activity by Percent of Age Groups*

Activity Age 16-34 Age 35-54 Age 55+
Visit a wilderness or 
primitive area 62% 52% 33%

Day hiking 51% 50% 33%
Developed camping 49% 45% 26%
Visit a farm or agricultural 
setting 38% 40% 34%

Primitive camping 47% 38% 19%

Drive off-road 42% 32% 16%
Hunting (any type) 38% 30% 20%
Mountain biking 41% 31% 11%
Big game hunting 34% 30% 17%

Backpacking 30% 22% 8%

Small game hunting 24% 16% 10%

Horseback riding on trails 20% 16% 8%

Mountain climbing 13% 10% 6%

Migratory bird hunting 13% 7% 7%

Rock climbing 11% 5% 3%
 *Rounded to the nearest integer
 Source: 2000-2004 National Survey on Recreation and the Environment. USDA Forest Service
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and other activities, harvests discourage hiking and 
backpacking because they alter the landscape and 
are less attractive to those users (IAC 2003).

Research indicates that recreational activity drops 
significantly as a population ages (IAC 2003). For 
example, in the US, nearly 80 percent of  6- to 
12-year-olds participate in at least one outdoor 
recreational activity, while less than 35 percent of  
adults over age 65 participate in at least one outdoor 
activity. It should be noted that the population of  
70- to 90-year-olds tends to be healthier and more 
mobile than in the past, thus prolonging that group’s 
participation in certain recreational activities (Wood 
and others 1990). While participation may drop 
rapidly for some activities as a population ages, 
other activities will likely increase or, at a minimum, 
remain constant, especially as more focus is placed 
on healthy, active living.

Increases in the population ultimately will result in 
additional environmental impacts. Off-road vehicle 
use is a popular recreational activity in the planning 
unit, occurring primarily in the Tahuya State Forest, 
has an estimated 250,000 visitors per year (Table 
3-15). Off-road vehicle use results in environmental 
impacts to air, soils, and water; these impacts can 
be reduced when users stay on designated trails 
built to specific standards. Most environmental 
impacts occur on undesignated trails (built by users), 
which are not built to any specific standards. These 
undesignated trails currently surpass the mileage 
of  designated trails by a 
factor of  three to one. 
Tiger Mountain, a non-
motorized area used 
primarily for walking, 
picnicking, and bicycling 
on forest roads, has 
375,000 visitors per year. 
The type of  recreational 
activities occurring on 
Tiger Mountain generally 

will have less significant environmental impacts than 
in motorized areas; however, creating undesignated 
hiking or biking trails can produce similar impacts.

In general, the potential for recreational activities to 
result in environmental impacts depends on several 
factors, including the popularity of  the area, season 
of  use, group size, frequency and type of  use, visitor 
behavior, and mode of  travel. At most recreational 
sites, a combination of  factors ultimately influences 
the overall level and severity of  environmental 
impacts (Wilson and Seney 1994; Deluca and others 
1998).

All trail uses have the potential to create a 
substantial environmental impact, especially if  a trail 
is poorly placed, designed, or maintained (Marion 
2006; Schlichte 1998). For instance, a mountain 
bike trail that is poorly positioned and maintained 
could result in more environmental issues than a 
well-positioned and maintained horse trail (Marion 
2006). However, these impacts are lessened (but not 
eliminated) with some non-motorized recreational 
activities. The type of  recreational activity (hiking 
vs. horseback riding) and the amount of  use an area 
receives (seasonal vs. year-round) influence the types 
and severity of  environmental impacts. Additionally, 
impacts are influenced by the slope gradient, rainfall 
intensity, soil properties, and the poor location 
of  many undesignated trails. For example, a trail’s 
placement in riparian areas or on steep slopes 
(Wilson and Seney 1994; Marion 2006; Schlichte 
1998) contributes to the severity of  impacts.

PUBLIC ACCESS AND ROAD USE
Public access and a growing population will affect 
certain elements of  the environment through 
increased use of  roads, trails, and recreational 
facilities. Undesignated motorized or off-road 
vehicles are one of  the top threats to the health of  

Table 4-23. Registrations of Recreational Vehicles 
in Washington 

Decade Motorcycles Off-Road Vehicles
1980 135,777 13,058
1990 103,301 36,462
2000 114,624 61,308
2006 189,596 104,956

 Registered Recreational Vehicles DOL 

Table 4-24. Reduction in Recreational Services 

Facilities Removal

Sites will not have amenities such as outhouses, picnic tables, 
signs, and/or garbage cans. The public can still recreate in these 
areas, but they will need to pack out what they pack in. In many 
areas, gates to access roads will be locked, and the only way into a 
site will be on foot.

Day-Use No overnight camping.

Reduced Services Facilities are maintained at a reduced level from 2008.

User Supported
Recreation uses and groups pick up more responsibility for 
maintenance and costs to prevent service reductions.

 Source: DNR Press Release June 18, 2009
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national forests (Cordell and others 2004). The use 
of  these vehicles in unsuitable areas can increase 
the amount of  silt and turbidity in a stream by 
increasing erosion (Moyle and Leidy 1992). In 
addition to off-road vehicles affecting soils, air, 
water, and vegetation, motorized recreation is 
considered to be a threat to wildlife species (Kassar 
2009) (p. 175). The impacts from recreational use 
on forest roads on elements of  the environment are 
discussed in roads (p. 161).

FACILITIES AND TRAILS
Typical recreation-related impacts from motorized 
or non-motorized use affect soils though 
compaction and erosion (Recreation, p. 165; Soils, 
p. 155); however, erosion is often greater when soils 
are wet than when they are dry (DeLuca and others 
1998). Undesignated trail use from off-road vehicles 
often causes damage to streambanks, leading to 
increased erosion and sedimentation in streams and 
rivers. Additionally, when riparian areas are used 
by off-road vehicles, fuels may leak or spill (Kassar 
2009). 

Vegetation is primarily impacted by trampling, 
although some vegetation types can tolerate it 
better than others (Cole 1995). Wildlife also can be 
impacted by disturbances at certain times of  the 
year (birthing) or certain times of  the day (feeding) 
(Knight and Gutzwiller 1995). For additional 
information, refer to wildlife (p. 175). 

Other potential impacts include litter and illegal 
dumping, unmanaged human waste, and vandalism. 
Serious recreation-related environmental impacts 
tend to be those that affect large areas, are intense, 
sustained over an extended time, and/or affect rare 
or unique ecosystem attributes (Cole and Landres 
1996). When these impacts are identified, DNR 
relies on variety of  tools for mitigation, including 
closing, limiting, or redirecting public access when 
necessary (DNR 2006b).

A reduction in services at facilities and trails has the 
potential to increase environmental impacts because 
adequate maintenance and enforcement may be 
lacking, which also raises concerns for the safety of  
users. The effects of  current budget reductions on 
recreational opportunities are outlined in Table 4-25. 
Descriptions of  these reduced services are in Table 
4-24.

ALTERNATIVE COMPARISON OF 
RECREATIONAL OPTIONS
No single environmental setting is considered the most 
suitable for recreation; instead, each individual site or 
area has a set of  environmental characteristics that 
make it more or less susceptible to recreational impacts. 
Alternative A would continue managing recreation 
under the current system with the recreation afforded 
to the public based on state and federal grants, which 
can be reduced during budget shortfalls. However, 
potential recreation-related environmental impacts 
and their consequences should not be overlooked if  

recreation and public access are to 
be considered sustainable land uses.

The suitability assessment 
proposed under Alternatives B and 
C would enable DNR to evaluate 
multiple resource factors (such 
as soil types, vegetation, slopes, 
and presence of wetlands) to help 
determine where, what type, and 
how much recreational activity is 
appropriate, by area. Once changes 
that are based on the suitability 
assessment have been identified, 
many of the impacts currently 
occurring could be mitigated 
through specific strategies built 
into Alternatives B and C. 

Table 4-25. Recreational Opportunities Affected by Budget Reductions

Effective Date
Facilities Removals Kammenga Canyon Campground 7/1/2009

Lilliwaup Creek Campground 7/1/2009

Melbourne Lake Campground 7/1/2009

Spillman Campground 10/15/2009

Day Use Only Aldrich Lake Campground 7/1/2009

Howell Lake Campground 7/1/2009

Twin lakes Campground 7/1/2009

Reduced Services Mine Creek 7/1/2009

Paw Print Trailhead 7/1/2009

Tiger Summit Trailhead 7/1/2009

User Supported Only Green Mountain Horse Camp 7/1/2009

Green Mountain Vista Trailhead 7/1/2009

Poo Poo Point Trailhead 7/1/2009

Tahuya River Horse Camp 11/1/2009
 Recreation Program Reduced Services, June 2009
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Alternative C includes the option of  expanded 
contract services through leases or fees to enhance 
site-specific amenities and serve as another method 
to control vandalism, over-crowding (White 1993), 
litter, and crime (Grewell 2004) and possibly 
reducing environmental impacts in identified 
areas. Revenue from user fees can help reduce 
management costs, reduce congestion at certain 
times and sites by offering lower rates on weekdays 
and in less-popular seasons (Grewell 2004), and 
also create economic disincentives to visitors (Kline 
2001). Fees can have multiple purposes which could 
include encouraging or discouraging particular uses, 
promoting personal contact with visitors, nurturing 
public support, and generating revenue to support 
facilities maintenance (Martin 2000). A federal fee 
demonstration project conducted in a wilderness 
area found that campers and day-use recreationists 
favored fees if  they were used for restoration and 
maintenance of  damaged sites, litter removal, and 
trails (Vogt and Williams 1999). Recreation fees 
shift the burden to those who spend more time 
recreating (Grewell 2004). 

Public misuse or abuse and user conflict can cause 
poor visitor experiences on forested state trust lands 
and adverse impacts to the environment. Misuse 
often stems from the public’s misinformation and 
expectations of  unrealistic levels of  recreation, 
facility development, and permitted uses. Often 
the recreating public is not aware of  DNR’s trust 
responsibilities or the forest management activities 
that occur on forested state trust lands. In addition, 
although not subject to modification by this process, 
Natural Resource Conservation Areas are managed 
with conservation objectives that allow low impact 
public use that may conflict with some visitors’ 
expectations about recreational uses and potentially 
displace recreation visitors to other areas. 

TIMBER HARVESTING AND RECREATION
Average harvest levels projected under the 
alternatives by harvest method, Table 4-2 could 
temporarily have negative effects on existing 
recreational activities in and around recreation 
areas. Trails are the most affected areas since trails 
in active timber harvest areas would be closed, 
moved, or decommissioned as a result of  harvest 
activities—generally if  closed, it would be only 

Table 4-26. Recreation Impacts by Alternative

Alternative
A B C

Facilities/
Trails

•	 Reservation system for select sites
•	 User focus meetings
•	 One enforcement officer and two trail 

stewards
•	 Uses restricted to some areas

•	 Reservation system for 
select sites

•	 Increase user focus 
meetings

•	 One enforcement officer 
and two trail stewards

•	 Implement inventory by 
adopting, relocating, or 
removing incompatible 
facilities and trails

•	 Reservation system for select 
sites

•	 Increase user focus meetings
•	 One enforcement officer and 

two trail stewards
•	 Implement inventory by 

adopting, relocating, or 
removing incompatible 
facilities and trails.

•	 Contracted Services, leases 
and fees to enhance sites.

Likelihood of 
impacts to 
soil, water, 
plants, and 
roads 

High 
Management based on an assessment tool to 
define areas where recreation is appropriate.

Tahuya  and Tiger Trail Steward Duties: works 
weekends and high use times to enforce 
recreation rules, provide emergency response 
and promote safe recreational use of DNR-
managed lands 
- coordinates volunteer events 
- provides oversight of schedules recreation 
events

High/Moderate
Identified areas are adopted 
and improved, relocated, or 
removed.

Moderate/ Low 
Areas are identified for adoption, 
improvements, or relocation 
removal. Some areas are 
considered for fee management, 
leases, or contract services.

Low impact 
areas

Tiger, Grass Mountain, McDonald Ridge, 
Tahoma. 

Tiger, Grass Mountain, 
McDonald Ridge, Tahoma

Tiger, Grass Mountain, McDonald 
Ridge, Tahoma

Moderate 
impact areas Green Mountain, Elbe Green Mountain, Elbe Green Mountain, Elbe, Tahuya

High impact 
areas Tahuya Tahuya

Low impact areas: elimination of off-road vehicles, no access, highly organized user groups. Moderate impact areas: combination of motorized and horse trails/campgrounds. 
High impact areas: motorized uses with many unknown user-built trails systems.
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for the duration of  the harvest related activities. 
Higher harvest levels would likely increase these 
potential effects, and Alternative C would have the 
greatest impacts followed by Alternatives A and B, 
respectively.  

In reviewing the current recreational opportunities 
(Table 3-14), impacts from harvesting activities 
could affect campgrounds, picnic areas, and day-use 
areas negatively with noise, dust, and traffic. Higher 
harvest volumes could likely increase these potential 
effects; however, since the harvest levels are similar 
over the long term, the difference in impacts by 
alternative and watershed is expected to shift over 
time.

Higher harvest volumes, in certain decades, will 
result in more truck traffic on DNR-managed roads 
also used by the public for recreation purposes; 
this potentially could affect a proportion of  the 
recreation visitors. Estimates of  truck traffic that 
would be generated are presented in the roads 
section, by alternative (Table 4-19). For additional 
information on the impact of  truck traffic on 
recreation, DNR is incorporating by reference the 
2004 Sustainable Harvest Final EIS (p. 4-180).

Mitigation for Recreation
Managing recreation resources with input from 
established user groups can help eliminate some 
of  the problems that have been identified. In the 
Tahuya State Forest, DNR instituted a voluntary 
forest watch system. Volunteers from the off-
road vehicle community provide a presence 
that encourages users to follow DNR rules and 
regulations, and minimizes impacts from activities 
on some trail systems. However, the reduction of  
services at specific facilities and sites, while still 
allowing use, may result in additional environmental 
impacts which are not mitigated in all three 
alternatives. Table 4-26 provides an overview of  
recreational alternatives and the likelihood of  their 
impacts on elements of  the environment.

Visual Management

Criteria and Indicators for Visual 
Management
Chapter 3 (p. 89) gives an overview of  visual 
resource management, its purpose, and the criteria 
DNR uses for addressing visual concerns. The 
criteria provide guidance for managing local and 
regional visual impacts and are contained in the 
2006 Policy for Sustainable Forests (DNR 2006b) and 
the Visual Management procedure6. The state Forest 
Practices Rules governing timber harvesting7 provide 
additional guidance for even-aged harvest methods 
related to the size and timing of  harvest units as a 
way to reduce large open areas; however, this rule 
does not apply to salvaged timber which has been 
damaged by wind, disease, insects, fire, or other 
natural causes.

DNR uses harvest type (variable retention vs. 
thinning) as an indicator of  visual impacts. As a 
preliminary screening tool, regional staff  assesses 
proposed harvest activities on a site-by-site basis, 
scoring each based on the number of  places a 
harvest unit is visible from surrounding roads. Rock 
pits and communication sites also can have visual 
impacts that are evaluated site by site. While natural 
disturbances may have associated visual impacts, 
they are inherently unpredictable, spatially variable 
events and are not part of  this discussion.

Results for Visual Management
HARVESTING LEVELS AND TYPES
A summary of  the average acres harvested by 
decade and alternative (Table 4-2) provides the 
range of  acres affected by variable retention and 
thinning harvests (p. 52). Charts 4-1 and 4-2 depict 
a visual depiction for each decade and alternative 
by harvest type. The ratio of  variable retention 
to thinning acres is a useful measure of  visual 
impacts (Table 4-27) although not all thinnings are 
performed because of  visual impact concerns.

In comparing the average harvest levels over 10 
decades (Table 4-2), some trends can be observed. 
Overall, there will be more variable retention 
harvesting activities than thinnings (Table 4-4), but 
this will depend on the specific objectives for a 
particular area. Overall, Alternative B has the lowest 
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level of  variable retention and thinning harvests 
followed by Alternatives A and C. However, in 
the first decade, Alternative B has higher levels 
of  variable retention harvests and lower levels of  
thinning (Table 4-27).

Watersheds with the highest average variable 
retention acres to be harvested during the 100-
year period are Great Bend, Lynch Cove, Kennedy 
Creek, and West Kitsap (Table 4-4). Under each 
alternative, as a percentage of  DNR-managed lands 
within each watershed, the area harvested (by either 
thinning or variable retention methods) is Great 
Bend (A-11%, B-10%, C-14%); Lynch Cove (A-
12%, B-11%, C-15%); Kennedy Creek (A-14%, 
B-6%, C-24%); and West Kitsap (A-7%, B-7%, 
C-8%). These averages indicate that Alternative B 
would have the lowest impact on visual sensitivities. 
However, Great Bend, Lynch Cove, and West 
Kitsap have some of  the flattest ground in the 
planning unit, so the ability of  anyone to view 
harvest activities in these watersheds would be 
reduced (Appendix M).

Direct, Indirect, and Cumulative 
Impacts to Visual Management 
Specific visual-management guidance (Appendix B) 
has been given on the amount and placement of  leave 
trees on forested state trust lands and this guidance is 
similar for all three alternatives. Generally speaking, 
harvest activities have higher potential for visual 
impacts than road building or gravel pits because of  
the amount of  acres affected over time; therefore, this 
indicator provides a firm measure of  the visual impacts 
anticipated under each alternative. The predominant 
concern from visual resources arises when timber 
is harvested on forested state trust lands adjacent to 
privately-owned lands or when harvesting activities 
on state and private lands are close to one another, 
potentially leading to local visual impacts.

Focus group research 
suggests that members 
of  the public cannot 
always differentiate 
between forestry 
activities on forested 
state trust lands and 
those on private lands 

(The Connections Group 2003). However, the study 
revealed that when asked, people seem to react 
more favorably to thinning activities than other 
harvest types. 

A study conducted by Picard and Sheppard (2001) 
found that thinning harvests are generally perceived 
as having a lesser visual impact than variable 
retention harvests when the harvested area is viewed 
from a distance. More positive assessments are 
given when the viewer is close to the thinned area 
(Sturtevant and others 2005).

Alternative B is expected to have lower 
environmental impacts than Alternative A. 
Alternative B provides specific strategies for lands 
identified as being visually sensitive where DNR has 
the ability to leave between eight and 16 trees per 
acre; the alternative includes specific strategies for 
Tiger Mountain (Chapter 2, p. 36).

Mitigation for Visual Management
Public outreach and education, identified as a 
potential mitigation strategy under Alternative 
B, may be effective and have widespread positive 
benefits for DNR. Public acceptance of  forestry 
activities is affected by value judgments as well as 
by the actual visual impacts of  those activities (Bliss 
2000). In a 2002 DNR focus group study, the extent 
of  visual impacts and the purpose of  harvesting 
(funding of  school construction) were key factors 
in whether participants supported forestry activities 
(Connections Group 2003). Although minimizing 
impacts on visual resources is important, educating 
the public about the role of  DNR timber-harvesting 
practices is also important so that the public 
can develop and voice informed opinions. This 
approach may become particularly important in 
the future, as sustainability-based forestry models 
become more popular while current concepts of  
visual quality persist (Gobster 1999; Sheppard 
2000). 

Table 4-27. Harvest Levels and Types by Alternative in Decade One (2009–2019)

Harvested Acres by Alternative Change from Alternative A
Harvest Type Alt. A Alt. B Alt. C Alt. B Alt. C

Thinning 12,495 7,775 16,652 -23% +20%

Variable Retention 8,634 10,401 9,545 +10% +5%

Total Harvest 21,129 18,176 26,197 -8% +8%
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Unpredictable natural disturbance events, such 
as insect outbreaks, may cause significant visual 
impacts which may be difficult to mitigate. 
Mitigation measures designed to lessen impacts 
to an acceptable level under all alternatives are 
described in the 2006 Policy for Sustainable Forests and 
the Visual Management procedure7. DNR identifies 
and mitigates visually sensitive areas, addressed 
on a sale-by-sale basis or through the forest land 
planning process, in which specific strategies are 
developed to help design timber sales that minimize 
visual impacts in identified areas (DNR 2006b). 
DNR also complies with state Forest Practices Rules7, 
which specify minimum age and tree sizes that must 
be met before any new harvests on adjacent lands 
may occur, regardless of  ownership. The rules were 
specifically designed to help reduce the cumulative 
visual effects of  multiple adjacent harvest areas 
across different ownerships in a short period of  
time.

Cultural Resources
This section analyzes the impacts to cultural 
resources from different management actions. The 
general effects of  harvesting, roads, extraction of  
sand, gravel, and minerals, recreation, and land 
transactions are described in Chapter 3 (p. 94).

Criteria and Indicators for Cultural 
Resources
DNR’s criteria for cultural resources are in place to 
identify, study, protect, and perpetuate significant 
cultural resources and maintain Tribal access.

Indicators of  management progress include the 
protection and minimization of  impacts, the percent 
of  land designated for cultural use, the acreage 
available for Tribal access, and improvement of  
data. DNR does not have the information available 
to provide a quantitative analysis of  the impacts to 
cultural resources but provides a qualitative analysis 
related to the level of  disturbance caused by harvest 
activities in the planning unit. 

DNR Cultural Resources Protection 
PROTECTION AND MINIMIZATION OF IMPACTS
This analysis has identified the number of  DNR 
staff  trained in cultural resource awareness in the 

planning unit as a measure of  protection to cultural 
resources. Although no particular value can be 
assigned to one informed person, DNR hopes that 
employees trained in cultural resource concerns will 
be able to identify and protect these items in the 
field. Therefore, the goal of  training 100 percent of  
field staff  should add a measure of  protection to 
cultural resources on future projects. 

TRIBAL ACCESS AND LANDS DESIGNATED 
FOR CULTURAL USE
As stated in Chapter 3, actual acreage of  cultural use 
and Tribal access cannot be adequately estimated 
because although acreage may not be specifically 
designated for these uses and changes over time, many 
acres are used annually by these groups. From a legal 
standpoint, DNR has no standing (or intent) to deny 
access to lands that were previously ceded. Because of  
DNR’s open communications with many Tribes, most 
uses are prearranged and access is granted to gated 
areas by request, so long as the use does not interfere 
with trust duties. DNR is committed to consulting 
with Native American Tribes in the area, including the 
Suquamish, Muckleshoot, Puyallup, Nisqually, Squaxin 
Island, and Skokomish, as well as other interested 
parties about areas of  cultural importance to them. 

DNR acquires and manages Natural Area Preserves 
(NAP) and Natural Resource Conservation Areas 
(NRCA) for the protection of  undeveloped landscapes 
and habitats for Washington’s flora and fauna (DNR 
1997). Although this process will not modify the 
existing Natural Area Preserves  and Natural Resource 
Conservation Areas; they can protect cultural resources 
by removing development pressure. Projects with the 
potential to affect cultural resources within these areas, 
such as the removal of  infrastructure and buildings, are 
reviewed by Cultural Resource Specialists, providing 
further protection. Table 4-28 shows each Natural 
Area Preserves and Natural Resource Conservation 
Areas and the acres associated with it, a total of  9,415 
acres in this planning unit.

Forest management can change species composition 
to favor resources utilized by the Tribes. For example, 
using timber harvesting to open the forest canopy can 
encourage the growth of  berry-producing species and 
can provide forage for game animals. Cedar growth 
also is promoted on many forested state trust lands by 
the removal of  competing tree species. 
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Minimization of Effects to Cultural 
Resources
Surveys are conducted on lands identified as 
having a high probability of  containing cultural 
resources. Cultural resource finds are confirmed 
and recorded with the Washington Department 
of  Archaeology and Historic Preservation. As 
appropriate, the affected Native American Tribe is 
notified. DNR, the Department of  Archaeology 
and Historic Preservation, and the affected Tribe or 
Tribes determine the potential impacts that the land 
management activity will have on a cultural resource; 
then DNR, the Department of  Archaeology and 
Historic Preservation, and the affected Tribes 
determine the appropriate mitigation measures.

DNR’s Forest Resources and Conservation 
Division’s approach to cultural resource 
management emphasizes communication among 
its own staff, as well as with Tribes, Department 
of  Archaeology and Historic Preservation, forest 
landowners, and other parties with an interest or 
expertise in the lands DNR manages (Stilson pers. 
comm. 2008). 

Under the procedure for identifying historic sites8, 
before an activity can take place on the ground, the 
following steps must be taken to minimize impacts 
to cultural resources.

1. Check the Department of  Archaeology and 
Historic Preservation or TRAX databases for 
known state recorded sites. 

2. Contact, as appropriate, Tribal personnel to 
identify any known Tribally recorded sites. 

3. Check the General Land Office maps for 
known not recorded sites (USGS and Army 
Mapping Service historic maps created between 
1898 and 1950).

4. Check the Cultural Resources layer in the 
State Uplands Viewing Tool (GIS data) or other 
sources for predictive models of  the project area.

5. For unknown unrecorded sites, check U.S. 
Geological Survey or DNR hydrological and 
topographical layers for high probability 
areas such as flat areas near permanent water, 
ridges, saddles, springs, and artificial landscape 
alterations (buildings, cemeteries, fields, roads). 

The planning process is likely to increase knowledge 
of  cultural resources on DNR-managed lands. 
DNR GIS data and tools (such as the State Uplands 
Viewing Tool) continue to be developed, making 
cultural resources information readily available to 
qualified DNR staff  and other qualified, interested 
parties. 

These processes greatly reduce the possibility that 
land management activities will affect cultural 
resources negatively. However, negative impacts are 
still possible, since even full-scale surveys sometimes 
fail to locate existing cultural resources. However, if  
fully implemented, DNR protection practices reduce 
the potential for impacts to cultural resources for all 
alternatives.

Comparison of Alternatives
Alternative C has the greatest potential for impacts 
to cultural resources because of  the number of  
acres to be harvested or thinned (Table 4-2). 
Alternatives A and B may impact cultural resources, 
but affect fewer acres than Alternative C. Despite 
these relative differences, the impacts to cultural 
resources are expected to be insignificant under all 
alternatives because of  concurrent and previous 
mitigation. 

Mitigation for Cultural Resources
DNR complies with all WACs and RCWs that 
provide rules and tactics for dealing with cultural 
resources, such as the Indian graves and records 
code9. DNR also is working with the Tribes at this 

Table 4-28. Acres of DNR-Managed lands in 
Natural Area Preserves (NAP) and Natural 
Resource Conservation Areas (NRCA)

Name Approximate Acres
Bald Hill NAP 307

Charley Creek NAP 1,172

Kennedy Creek NAP 194

Kitsap Forest NAP 571

Oak Patch NAP 18

Shumocher Creek NAP 492

Skookum Inlet NAP 146

Tahoma Forest NRCA 233

Stavis NRCA 1,559

West Tiger Mountain NRCA 3,885

Woodard Bay NRCA 838

Total 9,415
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time to create contract language to protect sensitive 
sites during contract harvesting. This section within 
a contract later will be known as an Inadvertent 
Discovery Plan, which will give step-by-step 
procedures to contractors who unexpectedly find 
cultural resources in the areas they are working.    

Wildlife Habitat
In this section, DNR analyzes the impacts to 
wildlife habitat from a variety of  management 
actions. Chapter 3 discusses the importance of  
wildlife habitat, defines wildlife guilds and their 
linkage to forest stand development stages, current 
wildlife conditions, and sensitive wildlife species. 
The general effects of  DNR’s management activities 
from harvesting, roads, and recreation are also 
described in Chapter 3 (p. 98).

Wildlife habitat is the combination of  resources in 
the environment that attract and support a species, 
population, and/or an assembly of  species. Wildlife 
habitat is important because of  the functions (such 
as providing food and shelter) it performs for a 
variety of  wildlife species (refer to Chapter 3, p. 98).

Criteria and Indicators for Wildlife 
Habitat 
The criteria for assessing wildlife habitat are the 
conservation of  biological diversity, the protection 
of  threatened and endangered species, and the 
avoidance of  future listings of  additional wildlife 
species (DNR 1997)10. 

In order to measure the effects of  management 
activities on wildlife habitat, DNR identified 
wildlife guilds, stand development stages, Natural 
Area Preserves, Natural Resource Conservation 
Areas, and forest fragmentation as indicators. Stand 
development stages are used directly as an indicator 
of  wildlife habitat (Table 3-20) as well as a surrogate 
indicator of  wildlife guilds (Table 3-19), which are 
associated with habitat conditions found within 
the different forest stand development stages. The 
surrogate indicators for forest fragmentation are the 
percent of  a watershed (WAU) in the Ecosystem 
Initiation stage over time and road density (p. 161). 
Currently, in the planning unit, a range of  habitats 
and ecosystems are protected within Natural Area 
Preserves and Natural Resource Conservation 

Areas. However, it is impossible to anticipate 
the amount and location of  future Natural Area 
Preserves and Natural Resource Conservation 
Areas because the funding and decisions are made 
externally to DNR; consequently, there are no 
appropriate surrogates identified at this time. For 
current conditions in Natural Area Preserves and 
Natural Resource Conservation Areas and the 
habitat types they protect, refer to Table 3-23. 

Results for Wildlife Habitat
STAND DEVELOPMENT STAGES
The trends shown in Chart 4-6 show that there is 
a general increase in structurally complex forest 
acres (Niche Diversification and Fully Functional 
stand development stages) across the planning 
unit, with Alternatives B and C having the greatest 
increases. Table 4-5 reports the projected acres 
and percent change in forest conditions over the 
planning horizon (2009–2109) by alternative, for 
watersheds in which DNR-managed trust ownership 
represents at least 20 percent of  the acreage in 
any given watershed. Appendix D contains charts 
reporting the projected trend in each forest stand 
development stage by alternative.

FOREST FRAGMENTATION
The number of  acres of  forests in the Ecosystem 
Initiation stage is a surrogate for the indicator 
of  forest fragmentation. Initially all alternatives 
show decreased acres of  forests in the Ecosystem 
Initiation stage but Alternatives B and C slightly 
increase while Alternative A maintains a somewhat 
steady level (Chart 4-15). 

At the watershed (WAU) level (refer to Table 4-5), 
North Fork Mineral WAU has the largest increase in 
forest acres of  the Ecosystem Initiation stage, while 
Reese Creek and Mineral Creek have the largest 
decrease of  acres in the same stage.

Direct and Indirect Cumulative 
Impacts Wildlife Habitat 
STAND DEVELOPMENT STAGES
Wildlife species and guilds respond in a similar 
fashion to shifts in stand development stages over 
time. Wildlife species and guilds associated with a 
particular forest stand development stage can be 
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found in Table 3-20 and needed structural elements 
are found in Table 3-21, Table 3-22, and Table 3-23.

Potential effects from the short- and mid-
term decreases in Ecosystem Initiation stand 
development stage forests are a reduction of  
foraging habitat for many species, including deer 
and elk, shrub-associated birds, and small mammals. 
The decrease in this stand development stage also 
reduces breeding habitat for reptiles, including 
garter snakes and western fence lizards. The 
short-term increase in forests in the Competitive 
Exclusion stand development stage is linked 
to a reduction of  Ecosystem Initiation stand 
development forests, and results in relatively lower 
wildlife values. A beneficial trend over the long 
term is the decrease in Competitive Exclusion 
stage forests (refer to charts in Appendix D) and 
the increased area and value of  wildlife habitat in 
structurally complex forest stand development 
stages. 

There is a mid-term shift from Understory 
Development to more structurally complex forests 
that increases habitat for seed- and needle-eating 
wildlife, such as blue grouse, Douglas’ squirrel, and 
red tree vole. The short- and mid-term benefit of  

Table 4-29. Summary of General Trends in Stand Development Stages between the Alternatives*

this necessary step is the growth of  large trees and 
the creation of  structurally complex forests (Niche 
Diversification and Fully Functional). Over the long 
term, the gradual increase in structurally complex 
forest stands (Chart 4-6) provides habitat for species 
that are currently absent or uncommon, including 
many species that have experienced regional 
population declines, such as northern goshawk, 
northern flying squirrel, Vaux’s swift, Townsend’s 
warbler, and several species of  bats. Refer to Table 
4-5, to identify changes in stand development stages.

FOREST FRAGMENTATION
The planning unit is projected to decrease in 
the amount of  forested acres in the Ecosystem 
Initiation forest stand development stage for all 
of  the alternatives from current conditions (Chart 
4-15). Alternative C decreases during the first half  
of  the planning period and then returns to current 
levels. It is not known if  such a fluctuation would 
have any potential impacts to wildlife. While acres in 
the Ecosystem Initiation stage are a crude measure 
of  forest fragmentation, an inference can be made 
that as the percent of  Ecosystem Initiation stage 
decreases, forest patches would be closer together 
and contain less edge. 

General Trend Alternative A Alternative B Alternative C
Ecosystem Initiation stand 
development stage forests 
decrease in the short- and 
mid-term 

Results in greatest foraging 
habitat reduction among all 
alternatives in the first five 
decades, then the trend is similar 
to Alternative B.

Generally more consistent 
levels, with a projected 
low point in decade 
seven.

Fluctuates the most by 
decreasing in the first five 
decades and then generally 
increasing throughout the 
remainder of the planning 
horizon.

Competitive Exclusion stand 
development stage forests  
increase in short-term  

Increases in the first two decades. Similar to Alternative A. Similar to Alternative A.

Long-term decrease in 
Competitive Exclusion stand 
development stage forests 

Decreases after the second 
decade until the fifth decade 
where it remains with minor 
fluctuations.

Similar to Alternative A. Similar to Alternative A.

Understory Development 
shift mid-term to Biomass 
Accumulation stand 
development stage forests 

Rapid shift begins in fourth 
decade, reaching highest level of 
Biomass Accumulation in seventh 
decade. Understory Development 
continues decline over the long 
term.

Similar to A, but 
greater shift in seventh 
decade (more Biomass 
Accumulation, less 
Understory Development).

Similar to A for increased 
Biomass Accumulation but 
greater decline in Understory 
Development in the seventh 
decade.

Structurally complex 
(Biomass Accumulation, 
Niche Diversification and 
Fully Functional) stands 
gradually increase over the 
long term (Chart 4-6, p. ##)

Lowest levels of all the 
alternatives, but still generally 
increase.

Similar trend as 
Alternative C, but slightly 
lower levels.

In the fifth decade, Alternative C 
begins to result in slightly higher 
levels of Fully Functional stand 
development stage through the 
end of the modeling period. 

 *Refer to Appendix D
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Chart 4-15. Comparison of Alternatives in the Ecosystem Initiation Stand 
Development Stage 

Habitat configuration is not evaluated in this 
analysis, as it was for northern spotted owls. In the 
northern spotted owl dispersal management areas, 
habitat connectivity is projected to increase under 
all the alternatives specifically under Alternatives B 
and C (p. 180). It is assumed that species requiring 
habitat conditions similar to those of  northern 
spotted owls (Table 3-19, Table 3-20) would also 
benefit from the increased habitat connectivity.

Forest roads also can increase habitat fragmentation 
to core forest areas and produce a greater amount 
of  edge habitat (Miller and others 1996; Reed and 
others 1996). Table 4-17 shows the watersheds 
(WAUs) acres with and without access for timber 
harvesting, unless aerial harvest methods are used. 
The Chapter 3 wildlife section contains a discussion 
of  the general effects of  roads on wildlife habitat. 

MANAGEMENT ACTIVITIES IMPACT ON 
WILDLIFE HABITAT
Timber harvest activities change forest stand 
conditions and may alter the associated wildlife 
species composition. The projected average harvest 
levels by decade for the two harvest types (variable 
retention and thinning) are shown in Chart 4-1 and 
Chart 4-2. The projected average harvest levels by 
land class and by decade are shown in Figure 4-1. 
Table 3-24 provides a list of  the adverse impacts 
and benefits of  the different harvest techniques on 
wildlife. Chapter 3 contains a general discussion of  
the effects of  timber harvesting on wildlife habitat. 

As discussed in Chapter 3, 
roads can have a negative 
effect on wildlife species 
and their habitat. Under 
all three alternatives, 
DNR’s permanent road 
network resembles 
existing conditions for 
all future periods. Road 
maintenance may be 
greatest under Alternative 
C because thinning 
activities are expected 
to occur on more acres 
(Table 4-2). However, 
these impacts are expected 
to be insignificant because 
of  the mitigation methods 
provided in the 2001 Final 

EIS on Alternatives for Forest Practices Rules (p. 3-175 to 
3-186 and Appendix F), which DNR is incorporating 
by reference.

RECREATION IMPACTS ON WILDLIFE HABITAT
All management alternatives address increasing 
recreational pressure three ways: through the 
education of  recreational users, enforcement efforts 
to deter inappropriate uses, and engineering to 
address resource damage (p. 165). For example, in the 
Elbe State Forest, DNR maintains gates on several 
roads to protect deer and elk from disturbance during 
winter and calving seasons. In addition, DNR’s 
recreation program develops site-specific plans to 
manage recreational uses that are believed to be 
affecting resources or creating land-use conflicts. 

The alternatives include differences that may 
increase the effectiveness of  identifying and 
addressing impacts of  recreation on wildlife. Under 
Alternative A, DNR assesses recreational impacts 
on a project-by-project basis. Under Alternative B, 
DNR would conduct a more systematic evaluation 
of  recreational use, using a recreation assessment 
model to determine the appropriate level and type 
of  recreational uses on DNR-managed lands. This 
approach would increase the likelihood that DNR 
could identify and alleviate potential conflicts 
between people and wildlife on forested state trust 
lands. 
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Under Alternative C, DNR explores expanded 
contract services not currently provided. No specific 
increased services are being considered at this time, 
but services could include those intended to manage 
access, such as gatekeepers, which could reduce 
impacts of  increasing recreational pressures on 
wildlife habitat. However, other services, including 
leases for privately operated campgrounds, could 
attract more people, possibly resulting in additional 
impacts to wildlife habitat. 

Cumulative Effects to Wildlife Habitat
Every year, DNR’s timber harvest activities will 
impact nearly two percent of  DNR’s land base 
every year within the planning unit. The percent 
of  harvest entry types shown in Chart 4-4 and the 
number of  harvest entries shown in Figure 4-2 may 
have a cumulative effect on wildlife species and 
habitat, especially those sensitive to disturbance. 
Collectively, these activities could result in short-
term wildlife impacts across the landscape, including 
disturbance and habitat loss, as previously described 
(Table 3-24). 

The reduced amount of  forest stands projected 
to be in the Ecosystem Initiation stage under all 
alternatives could contribute cumulatively to the 
effects of  similar reductions projected to occur on 
adjacent USFS lands. Deer and elk populations have 
been declining in the West Cascades ecoregion since 
the 1990s because of  a decline in foraging habitat 
(Spencer 2002). Declines in Ecosystem Initiation 
acres on forested state trust lands could further 
reduce foraging habitat for these species, while areas 
serving solely as winter habitat on DNR-managed 
trust lands are expected to remain suitable. 

Silvicultural activities under all three alternatives 
are expected to benefit habitat for many types of  
wildlife, specifically for wildlife species associated 
with structurally complex forest stands that have 
experienced population declines in the Puget 
Trough and West Cascades ecoregions (refer to 
Table 3-19).

The benefits of  increased structurally complex 
forests on forested state trust lands also affect 
federal lands that contain most of  the remaining 
structurally complex forests. Two of  the three 
conservation objectives of  the 1997 HCP multi-
species strategy are aimed at directly developing 

more diverse forest habitats that support habitat 
protection and restoration on federal lands:

To contribute to the demographic support 
of  populations of  unlisted species with 
large home ranges within federal forest 
reserves.

To facilitate the dispersal of  these wide-
ranging species among federal forest 
reserves (DNR 1997, p. IV. 147).

Increasing structurally complex forests in the 
planning unit along with similar efforts taking place 
on federal lands—specifically, the Northwest Forest 
Plan—will benefit many types of  wildlife, including 
marbled murrelets and northern spotted owls. The 
cumulative effects that DNR management activities 
have on wildlife are not expected to be significant 
or beyond those analyzed in the 1997 Habitat 
Conservation Plan.

Wildlife Habitat Mitigation
DNR complies with state Forest Practices Rules while 
implementing existing policy and procedures. 
Mitigation is provided by following Forest Practices 
Rules, agency policy and procedures, and conditions 
set forth in the 1997 Habitat Conservation Plan (a 
multi-species habitat conservation plan, ensuring 
habitat for a multitude of  species and special 
ecosystems). 

On-site mitigation conducted prior to and during 
any harvest activities lessens the probability of  
certain events occurring. Some examples of  on-site 
mitigation are avoidance of  unique habitats, legacy 
tree distribution, timing restrictions, and buffers for 
some species habitat.
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Marbled Murrelet Habitat
This section analyzes the impacts to marbled 
murrelet habitat from a variety of  management 
actions. The general effects of  harvesting and roads 
are described in Chapter 3 (p. 106).

Criteria and Indicators for Marbled 
Murrelet
Chapter 3 described marbled murrelet biology, the 
importance of  the species, and the criteria DNR 
uses for evaluating impacts to it on forested state 
trust lands.

The criteria for assessing marbled murrelet habitat 
is DNR’s provision that habitat supports a marbled 
murrelet population that is 1) stable or increasing, 
2) well-distributed, and 3) resilient (Raphael and 
others 2008). The four indicators DNR uses for 
assessing whether the criteria have been met will 
be determined as part of  the marbled murrelet 
long-term conservation strategy and are outside 
the scope of  this planning effort (Raphael and 
others 2008). Until a marbled murrelet long-term 
strategy is developed, the Interim Marbled Murrelet 
Conservation Strategy for the South Puget Planning Unit 
will be followed. This strategy can be found in 
Appendix N. 

Effects of Timber Harvest Activities on 
Marbled Murrelet Habitat
There are no proposed changes for how marbled 
murrelet habitat is managed as part of  this planning 
process; however, the alternatives include differing 
amounts of  area and harvest types varies between 
alternatives (Chart 4-1 and Chart 4-2). These 
differences could potentially result in differing 
degrees of  forest fragmentation across the planning 
unit (p. 191). Forest fragmentation is thought to 
increase predation and decrease nesting success 
for marbled murrelets (Manley and Nelson 1999; 
Raphael and others 2008). 

Mitigation for Timber Harvest 
Activities for Marbled Murrelet 
Habitat
All occupied sites  are protected by the South Puget 
Planning Unit Interim Marbled Murrelet Conservation 
Strategy until the long-term conservation strategy 

is finalized. All suitable 
nesting habitat identified as 
part of  the Interim Marbled 
Murrelet Conservation Strategy 
is deferred from harvest 
until surveys can be 
completed or a long-term 
conservation strategy is 
in place (Appendix N). 

All identified potential marbled murrelet habitat 
is treated as if  occupied until the adoption of  
the long-term conservation strategy or a field 
assessment and habitat determination is made. Any 
additional habitat identified during the period of  
the Interim Marbled Murrelet Conservation Strategy will 
be reported to the Services annually and managed 
as suitable habitat. Occupied sites, suitable nesting 
habitat, and identified potential habitat are protected 
by a 300-foot managed buffer (as per WAC 222-16-
080(1)(j)(v)), or a 165-foot no-touch buffer. Smaller 
buffers may be sufficient in certain topographic 
situations (for example, managed buffers on ridge 
tops may not need to extend onto the opposite 
slope). Timing restrictions for timber harvest 
activities within a quarter-mile of  an occupied site 
are also applied (Appendix N).  

Summary of Risk and Cumulative 
Impacts 
The likelihood is low that harvest activities will 
occur within or directly adjacent to marbled 
murrelet habitat before the adoption of  the long-
term strategy. 

A forest connectivity assessment was conducted 
as part of  the northern spotted owl analysis in 
the Elbe Hills, Tahoma, and Black Diamond 
northern spotted owl management areas. Forest 
connectivity for northern spotted owls in these 
areas is expected to increase under all three 
management alternatives, with Alternatives B and 
C seeing a more dramatic increase (p. 180). The 
majority of  marbled murrelet habitat identified 
in the Interim Marbled Murrelet Conservation 
Strategy is located within these areas and it can 
be inferred that forest connectivity for marbled 
murrelets also would increase. Though the 
habitat needs of  these two species are different, 
many of  the forest conditions assessed for 
northern spotted owls—such as canopy closure 

An occupied site is where 
marbled murrelets have been 
observed flying at or below the 
forest canopy level and strongly 
indicates that the site has some 
importance for breeding. Oc-
cupied sites include known nest 
sites (Evans Mack and others 
2003).
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and patch size—also are associated with marbled 
murrelet habitat. 

In addition, with low rates of  detection of  marbled 
murrelet on adjacent lands and the offshore 
population of  marbled murrelets being low in the 
southern Puget Sound waters (Raphael and others 
2008), among the alternatives DNR expects little 
difference for marbled murrelet habitat and the 
effects from these alternatives are not likely to result 
in significant, adverse, environmental impacts.

Northern Spotted Owl 
Habitat
This section analyzes the impacts to northern 
spotted owl habitat from different management 
actions. Chapter 3 (p. 107) describes northern 
spotted owl biology, status, and species 
importance.

Scale and Time Frame of the 
Alternatives 
Northern spotted owl habitat is assessed on 
multiple spatial scales: forest stands, spotted 
owl management units (SOMUs), dispersal 
management areas, and northern spotted owl 
landscapes (DNR 1997). Within dispersal 
management areas, SOMUs are defined and used 
to track the current amount of  northern spotted 
owl habitat. SOMUs are modified 1997 Watershed 
Administrative Units (WAUs) that are now kept 
static because WAUs regularly are updated based 
on improved hydrological information. Under 
the three management alternatives, ecological 
indicators were chosen to evaluate projected 
values of  modeled habitat changes over the 100-
year planning period under the three management 
alternatives. An assessment was conducted at the 
stand level. The scores are reported at the SOMU, 
dispersal management area level, and for some 
indices at the landscape level. 

Criterion and Indicators for Northern 
Spotted Owl Habitat
The criterion for assessing northern spotted 
owl habitat is DNR’s provision of  habitat which 
makes a significant contribution to demographic 
support, maintenance of  species distribution, 

and facilitation of  dispersal (DNR 1997). There 
are four indicators DNR uses for assessing the 
criterion—the amount of  area that meets desired 
northern spotted owl habitat conditions, the area 
that supports northern spotted owl dispersal life 
history requirements, the area’s fragmentation 
and habitat connectivity, and the number of  acres 
harvested in existing northern spotted owl circles. 
Refer to What Are the Indicators DNR Used to 
Assess Dispersal Habitat? (p. 105) for a description 
of  each indicator. 

Northern Spotted Owl Habitat Results
This section presents analyses of  the habitat 
conditions that alternatives create for northern 
spotted owls over time. Four analysis methods 
were used: 

The first method assesses the amount 
of  habitat using DNR northern spotted 
owl habitat definitions of  South Puget 
Movement and Movement, Roosting, 
and Foraging (MoRF)(Text Box 2-2). 

The second method is a dispersal 
assessment tool specifically designed to 
evaluate the value of  forest stands in 
providing northern spotted owl dispersal 
habitat.  

The third method evaluates habitat 
configurations on areas managed for 
dispersing northern spotted owls.

The fourth method evaluates the number 
of  acres harvested in existing Status One 
northern spotted owl circles (p. 107).

AREA MEETING NORTHERN SPOTTED OWL 
HABITAT DEFINITIONS

The first assessment method uses DNR’s 1997 HCP 
northern spotted owl habitat definitions as well 
as definitions developed as part of  this planning 
process. These habitat definitions were built into 
yield tables representing the growth and yield of  
forest stands under different silvicultural treatments. 
The modeled habitat was produced using Remsoft’s 
Woodstock modeling software (Appendix C) for 
each alternative.
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Chart 4-16. South Puget Movement and Higher-Quality Habitat for All 
Dispersal Management Areas over 10 Decades
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Table 4-30. Decades to Reach 50 Percent South Puget Movement or 
Movement, Roosting, and Foraging (MoRF), by Spotted Owl Dispersal 
Management Area*

Landscape

Decades to reach 
50 percent 

movement habitat

Decades to reach 35 percent 
MoRF habitat

Alt A Alt B Alt C Alt A Alt B Alt C

Elbe 3 (46%) 2 1 0 (25%) 6 6
Tahoma 5 (41%) 4 3 7 (20%) 6 8
Black Diamond 5 (58%) 5 4 6 (20%) 7 9 (33%)

* Values in gray with gray background represent the decade that the highest value (in percent of area)

Table 4-31. Decades to Reach 50 Percent South Puget Movement or 
Movement, Roosting, and Foraging (MoRF) by SOMU*

SOMU
Decades to Reach 50 Percent 
South Puget Movement Habitat

Decades to Reach 50 Percent 
MoRF Habitat

Alt. A Alt. B Alt. C Alt. A Alt. B Alt. C
Ashford	 0 (41%) 5 4 0 (28%) 6 6
Big Catt 5 (39%) 5 3 9 (20%) 9 8
Busy Wild 3 (49%) 2 1 0 (24%) 6 7
Grass Mt. 5 (37%) 5 4 7 (23%) 7 7 (31%)
Mineral Ck. 4 (44%) 5 4 8 (16%) 6 9 (33%)
N. Fork Green Ck. 5 (43%) 5 4 6 (16%) 7 - *
N. Fork Mineral Ck. 5 (45%) 3 3 7 (24%) 6 8
Pleasant Valley 0 (35%) 4 3 2 ( 9%) 7 (28%) 9 (22%)
Reese Creek 3 (37%) 4 4 8 (20%) 7 (29%) 8

* Values in gray with gray background represent the decade that the highest value (in percent of area)

South Puget Movement 
Habitat or Higher-Quality 
Habitat Conditions—As 
described, the first method 
for comparison of  the 
alternatives is to examine 
the amounts of  South Puget 
Movement and higher-
quality habitat (high-quality 
nesting, Type A, Type B, 
Young Forest Marginal, and 
Movement, Roosting, and 
Foraging (MoRF)) that is 
projected over 10 decades 
(Chart 4-16).

Chart 4-16 shows projections 
for all dispersal management 
areas combined. The dashed 
red line shows the number 
of  acres it takes to meet the 
habitat goal of  fifty percent 
in the dispersal management 
areas and is included as a 
reference for comparing 
how the alternatives are 
achieving landscape level 
goals. Charts for individual 
SOMUs are presented in 
Appendix G. Alternatives B 
and C produce more acres 
of  South Puget Movement 
and higher-quality habitat 
compared to Alternative 
A. The targeted 50 percent 
habitat threshold is reached 
by the third or fourth 
decade with Alternative B 
and C (Tables 4-30, 4-31). 
Alternative A increases 
the acres of  South Puget 

Table 4-32. Acres of South Puget Movement and Higher-Quality Habitat for 10 Decades by Northern 
Spotted Owl Landscape* 

Landscapes Alternative A Alternative B Alternative C
Avg SD Max Min Avg SD Max Min Avg SD Max Min

Elbe Hills	 6,807 1,539 9,531 4,897 10,367 871 10,649 8,734 10,392 757 10,451 8,734
Tahoma 8,768 1,648 10,304 4,721 12,240 3,489 15,957 4,602 12,465 3,018 14,853 4,602
Black Diamond 6,981 1,281 8,524 4,412 9,581 2,786 12,068 4,304 9,607 2,492 11,701 4,304

*Averages (Avg), Standard Deviation (SD), Maximum acres (Max), and Minimum (Min)
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Movement and higher-quality habitat marginally, but never achieves the 50 percent habitat threshold. In the 
Ashford, Busy Wild, and Pleasant Valley SOMUs, South Puget Movement and higher-quality habitat decline 
during the planning period under Alternative A (Appendix G).

The average number of  acres in South Puget Movement and higher-quality habitat over 10 decades also is 
compared in a tabular format. Table 4-32 reports the averages for the northern spotted owl landscapes and 
Table 4-33 reports the averages by Spotted Owl Management Unit (SOMU). 

Each table in this section provides the standard deviation, as well as the maximum and minimum, to reflect 
the amount of  variation within each alternative across the 100-year planning period. Comparison charts for 
each Northern Spotted Owl Landscape and SOMU are provided in Appendix G.

Table 4-33. Acres of South Puget Movement and Higher-Quality Habitat for 10 Decades by SOMU*

SOMU Alternative A Alternative B Alternative C
Avg SD Max Min Avg SD Max Min Avg SD Max Min

Ashford	 1,849 537 2,853 1,250 3,186 237 3,419 2,673 3,206 224 3,432 2,673
Big Catt 1,818 447 2,348 1,014 2,684 801 3,675 976 2,903 806 3,572 976
Busy Wild 4,958 1,046 6,678 3,612 7,181 668 7,942 6,061 7,186 547 8,107 6,061
Grass Mt. 5,174 787 5,959 3,436 6,955 1,901 8,946 3,421 6,844 1,620 8,390 3,421
Mineral Ck. 1,140 419 1,864 574 1,741 814 2,702 574 1,452 470 2,279 574
N. Fork Green Ck. 1,807 585 2,646 860 2,626 913 3,599 883 2,763 916 3,978 883
N. Fork Mineral Ck. 4,557 863 5,197 2,207 5,973 1,577 7,440 2,126 6,007 1,446 7,145 2,126
Pleasant Valley 336 57 463 265 584 137 779 363 575 127 777 425
Reese Creek 1,253 212 1,621 926 1,842 430 2,233 926 2,104 435 2,436 926

   *Averages (Avg), Standard Deviation (SD), Maximum acres (Max), and Minimum (Min)
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Movement, Roosting, and Foraging (MoRF) 
and Higher-Quality Habitat Conditions—
Another way to compare the alternatives is to 
examine the amount of  Movement, Roosting, 
and Foraging (MoRF) and higher-quality habitat 
(high-quality nesting, Type A, and Type B) that 
is projected over the 10 decades (Chart 4-17), 
using the 1997 Habitat Conservation Plan habitat 
definitions (DNR 1997, p. IV. 11) and MoRF 
definitions (Text Box 2-2). Alternative B targets 35 
percent of  the dispersal management areas to be in 
MoRF or higher-quality habitat, represented by the 
dashed red line. 
Chart 4-17. Acres of Movement, Roosting, and Foraging (MoRF) and 
Higher-Quality Habitat for All Dispersal Management Areas, over 10 
Decades 
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Table 4-34. Acres of Movement, Roosting, and Foraging (MoRF) or Higher-Quality Habitat for 10 
Decades by Northern Spotted Owl Landscape* 

Landscapes Alternative A Alternative B Alternative C
Avg SD Max Min Avg SD Max Min Avg SD Max Min

Elbe Hills	 3,658 1,084 5,471 1,982 6,141 1,965 8,771 3,954 6,119 2,688 9,633 2,340
Tahoma 3,944 1,509 5,968 1,978 6,968 3,685 11,401 2,058 5,277 3,849 12,249 1,646
Black Diamond 3,783 889 5,076 2,385 5,818 2,825 9,331 2,487 5,007 2,013 7,787 2,487

*Averages (Avg), Standard Deviation (SD), Maximum acres (Max), and Minimum (Min)

Table 4-35. Acres of Movement, Roosting, and Foraging (MoRF) or Higher-Quality Habitat for 10 
Decades by SOMU

SOMU Alternative A Alternative B Alternative C
Avg SD Max Min Avg     SD    Max Min Avg SD Max Min

Ashford	 1,179 379 2,050 756 2,103 620 2,879 1,289 2,119 800 3,123 1,013
Big Catt 781 436 1,395 264 1,416 940 2,567 462 1,179 937 2,840 336
Busy Wild 2,479 771 3,421 1,225 4,039 1,354 5,924 2,666 4,000 1,900 6,510 1,327
Grass Mt. 3,031 555 3,944 2,003 4,448 1,892 6,777 2,003 3,729 1,279 5,421 2,003
Mineral Ck. 494 151 691 296 1,336 986 2,499 296 691 417 1,426 255
N. Fork Green Ck. 752 358 1,186 233 1,370 942 2,554 233 1,279 741 2,393 484
N. Fork Mineral Ck. 2,133 811 3,143 730 3,308 1,497 5,102 810 2,552 1,904 5,914 800
Pleasant Valley 84 31 122 37 192 142 376 58 178 63 301 104
Reese Creek 537 275 931 117 909 346 1,361 476 856 648 2,069 198

*Averages (Avg), Standard Deviation (SD), Maximum acres (Max), and Minimum (Min)

Chart 4-17 shows that the three alternatives are 
similar until decade four when Alternative B 
produces marginally more acres of  Movement, 
Roosting, and Foraging (MoRF) and higher-quality 
habitat than Alternative C and moderately more 
than Alternative A. Alternative B reaches the 35 
percent habitat threshold two decades before 
Alternative C, where the trend for Alternative A 
is relatively flat and never achieves the 35 percent 
habitat threshold.

As with South Puget Movement and higher-quality 
habitat, the average number of  acres in Movement, 

Roosting, and Foraging 
(MoRF) and higher-
quality habitat over the 10 
decades are compared in 
table format. Table 4-34 
reports the averages for 
the Northern Spotted Owl 
Landscapes and Table 4-35 
reports the averages by 
Spotted Owl Management 
Unit (SOMU).
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AREA THAT SUPPORTS NORTHERN SPOTTED 
OWL DISPERSAL LIFE HISTORY REQUIREMENTS
The Northern Spotted Owl Dispersal Assessment 
Tool (NSO-DAT) was built by DNR with assistance 
from the USFS and the WDFW. The NSO-DAT 
models for the Draft EIS (DNR 2008) were designed 
and prototyped using software produced by the USFS 
called the Ecosystem Management Decision Support 
(EMDS) system (Reynolds 1999). The NSO-DAT 
models for this Final EIS were conducted in ArcGIS 
(ESRI) software using Python language. The model’s 
design focuses on three biological requirements 
essential to dispersing juvenile owls: movement, 
roosting, and foraging. 

The NSO-DAT modeling project is described in 
detail in Appendix G, which contains five parts: 1) 
details of  the development of  the stand-level habitat 
evaluation model, 2) results from the model by area, 
3) forest stand scores with 75 and above (Table 4-36), 
4) landscape model development and results, and 5) a 
model sensitivity analysis. The landscape assessment 
model incorporates stand scores to examine habitat 
connectivity in both the Elbe-Tahoma and Black 
Diamond landscapes.

Northern Spotted Owl Dispersal Assessment 
Tool (NSO-DAT) Stand Level Models—These 
models use the EMDS modeling structure, a 
knowledge-based structure that combines the 
necessary spatial base data using fuzzy logic rules 
to determine the degree of  truth for an assertion 
(Reynolds 1999; Reynolds and others 2000). These 
evaluations generally are arranged in a hierarchical 
network which breaks down the overall goal of  the 
assessment into finer and finer sub-components 
until measurable indicators are reached (Reynolds 
1999; Reynolds and others 2000). Indicators are 
measurements or aspects of  the environment that 
serve as the most basic input into the model. Examples 
of  indicators for dispersal habitat suitability might 
include tree diameters, presence of  snags (standing 
dead trees), percent of  canopy cover, and forest 
composition (Table 4-36). Evaluation criteria are 
standards with which an indicator value is compared 

to decide the strength of  
evidence. The assessment 
tool scores the strength 
of  evidence (that is, the 
comparison between the 

evaluation criteria and the data) between 0 and 100 for 
all indicators. 

The 1997 Habitat Conservation Plan dispersal definition 
bases habitat evaluation on threshold criteria. An 
advantage of  NSO-DAT is that it allows a more flexible 
criterion to produce a finer gradation of  results than 
a strict threshold value. Evaluation criteria curves for 
a given indicator are constructed by determining the 
curve shape and value of  inflection points on that curve 
(Table 4-37). The evaluation criteria curves are derived 
from a variety of  sources, including literature, existing 
data sets, professional judgment, or a synthesis of  these 
sources (Tables 4-34, Table 4-37, and Appendix G).

The output of  the evaluation process is three stand-
level models, assessing the life history requirements 
of  dispersing northern spotted owls: 1) support for 
movement, 2) roosting, and 3) foraging (Figure 4-8).

Canopy cover is defined as 
the proportion of the forest 
floor covered by the downward 
vertical projection of the tree 
crowns (Jennings and others 
1999).

Table 4-36. Example of an NSO-DAT Indicator 
(Forest Composition)

Indicator Forest Composition

Rationale
A certain percentage of conifers in the forest 
is important for thermoregulation and cover 
from predators.

Literature

Thomas and others (1990) noted that 
northern spotted owls are virtually always 
found in conifer-dominated forests. Hansen 
and others (1993) found a definition of mixed 
conifer stands as 30-70% conifers. In contrast, 
Herter and others (2002) found 5-8% of roost 
sites on lands not classified as habitat by 
DNR, and these were primarily areas of high 
hardwood canopy cover (< 70% conifer).

Measure
Percent of stand basal area in conifers (trees > 
3.5 inches dbh)

Data Source
Calculated from Forest Visualization Simulator 
tree lists

Criteria

SAG (1993; Hansen and others 1993) and the 
HCP (DNR 1997) used a minimum of 30%. The 
Science Team judged this too low — especially 
in winter, when deciduous trees provide little 
cover — and set the lower limit at 50% and an 
upper limit at 90%.

Table 4-37. NSO-DAT Indicator Evaluation Criteria 
Curve Example

Indicator: Forest Composition

Shape of Curve Evaluation 
Score Thresholds Units

 1 90 % Conifer
-1 50 % Conifer
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Northern Spotted 
Owl Dispersal 
Assessment Tool 
(NSO-DAT) Scores 
—Each evaluated 
forest stand receives 
three scores, one for 
each of  the models: 
foraging, roosting, 
and movement. 
NSO-DAT scores 
are normalized into 
a common scale 
and range from no 
support (score of  0) 
to full support (score 
of  100), as shown 
in Table 4-36. These 
scores reflect the 
quality of  the habitat 
according the criteria 
set by northern 
spotted owl experts, 
listed in Appendix 
G. An NSO-DAT 
score is essentially 
a habitat suitability 
index reflecting the 
conditions assessed by 
the combination of  
indicators. The higher 
the score, the higher 
the likelihood the area 
meets all the habitat 
criteria selected by 
the experts (refer 
to Appendix G for 
additional details). 
Scores can be used 
to produce spatially 
explicit maps (refer to 
Map 4-1). This impact 
analysis uses scores of  
75 and above because 
they represent stands 
with strong or high 
support of  the habitat 
elements needed for 
dispersing northern 
spotted owls.

Figure 4-8. NSO-DAT Model for Foraging Habitat

Map 4-1.  Example Map of NSO-DAT Foraging Model Scores for Current Conditions (refer to 
Appendix G for other examples of NSO-DAT Model Maps)
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Table 4-38. NSO-DAT Scores

EMDS Scores Level of Support
0 No Support
1 to 25 Very Low Support
26 to 50 Low Support
51 to 74 Moderate Support
75 to 99 Strong/High Support
100 Full Support

Chart 4-18. NSO-DAT Foraging Score of 75 and Above for All Dispersal Management Areas 
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Table 4-39. NSO-DAT Foraging Scores 75 and Above for 10 Decades by Northern Spotted Owl 
Landscape* 

Landscapes Alternative A Alternative B Alternative C
Avg SD Max Min Avg SD Max Min Avg SD Max Min

Elbe Hills	 4,624 1,445 6,638 1,618 7,069 2,746 9,389 1,618 6,644 2,539 9,491 1,618
Tahoma 5,508 3,116 8,393 795 7,564 4,659 11,689 795 6,823 4,685 12,095 795
Black Diamond 5,524 2,307 7,923 2,024 7,515 4,115 11,967 2,024 7,074 3,658 10,742 2,039

*Averages (Avg), Standard Deviation (SD), Maximum acres (Max), and Minimum (Min)

Table 4-40. NSO-DAT Foraging Scores 75 and Above for 10 Decades by SOMU*

SOMU Alternative A Alternative B Alternative C
Avg SD Max Min Avg SD Max Min Avg SD Max Min

Ashford	 1,326 500 2,164 395 2,233 900 2,982 395 2,198 853 3,069 395
Big Catt 1,211 797 1,977 0 1,609 1,084 2,728 0 1,634 1,176 3,024 0
Busy Wild 3,299 981 4,475 1,223 4,837 1,853 6,408 1,223 4,447 1,721 6,422 1,223
Grass Mt. 4,271 1,562 6,056 1,877 5,764 2,953 9,377 1,877 5,143 2,449 7,884 1,844
Mineral Ck. 713 253 969 318 1,017 549 1,857 317 829 437 1,348 318
N. Fork Green Ck. 1,254 755 1,949 146 1,752 1,189 3,061 146 1,932 1,219 3,189 146
N. Fork Mineral Ck. 2,778 1,745 4,443 238 3,729 2,490 6,029 238 3,199 2,411 6,016 231
Pleasant Valley 191 102 289 29 265 192 507 29 259 171 442 29
Reese Ck. 807 341 1,085 240 1,210 583 1,693 240 1,162 715 2,046 240

*Averages (Avg), Standard Deviation (SD), Maximum acres (Max), and Minimum (Min)

Foraging Model NSO-DAT Scores — The 
average number of  acres with NSO-DAT foraging 
model scores of  75 and above over 10 decades 
provides a way to compare the alternatives. This 
is illustrated in Chart 4-18 for all dispersal areas; 
Table 4-39 reports the averages for the individual 
northern spotted owl landscapes, and Table 4-40 
reports the averages by SOMU. In Chart 4-18 the 
red dashed line shows the 35 percent threshold goal 
of  attaining Movement, Roosting, and Foraging 
(MoRF) and higher-quality habitat.
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Roosting Model NSO-DAT Scores — The average number of  acres with NSO-DAT roosting model 
scores of  75 and above in the 100-year planning period provides a way to compare the alternatives 
between one another. This is illustrated in Chart 4-19; averages are reported in Table 4-41 by Northern 
Spotted Owl Landscapes and in Table 4-42 by Spotted Owl Management Unit (SOMU). The red dashed 
line on Chart 4-19 shows the 35 percent threshold goal of  attaining Movement, Roosting, and Foraging 
(MoRF) and higher-quality habitat.

Chart 4-19. NSO-DAT Roosting Score 75 and Higher for All Dispersal Management Areas 
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Table 4-41. NSO-DAT Roosting Scores 75 and Above for 10 Decades by Northern Spotted Owl 
Landscape* 

Landscapes Alternative A Alternative B Alternative C
Avg SD Max Min Avg SD Max Min Avg SD Max Min

Elbe Hills	 6,888 1,920 9,576 4,781 10,091 518 10,853 9,400 10,204 500 10,998 9,576
Tahoma 9,255 1,100 11,071 7,467 12,562 2,458 15,473 7,467 12,246 1,920 13,556 7,467
Black Diamond 8,317 1,009 9,240 6,152 10,877 2,486 13,407 6,152 10,510 1,876 12,053 6,152

*Averages (Avg), Standard Deviation (SD), Maximum acres (Max), and Minimum (Min)

Table 4-42. NSO-DAT Roosting Scores 75 and Above for 10 Decades by SOMU*

SOMU Alternative A Alternative B Alternative C
Avg SD Max Min Avg SD Max Min Avg SD Max Min

Ashford	 1,990 750 3192 1,273 3,282 204 3,658 3,010 3,303 135 3,524 3,139
Big Catt 1,938 391 2,354 1,130 2,680 677 3,586 1,573 2,807 654 3,328 1,573
Busy Wild 4,898 1,198 6,384 3,508 6,809 330 7,236 6,384 6,901 378 7,576 6,384
Grass Mt. 6,134 687 6,948 4,495 7,956 1,748 10,033 4,495 7,433 1,229 8,636 4,495
Mineral Ck. 1,108 171 1,541 952 1,856 624 2,384 979 1,371 192 1,605 979
N. Fork Green Ck. 2,183 461 2,725 1,216 2,921 814 3,678 1,499 3,077 682 3,694 1,657
N. Fork Mineral Ck. 4,922 777 5,789 3,262 6,161 1,197 7,457 3,262 6,016 1,016 6,640 3,262
Pleasant Valley 316 60 399 225 576 143 841 321 539 153 772 321
Reese Ck. 1,288 275 1,652 998 1,865 185 2,229 1,652 2,053 156 2,224 1,652

*Averages (Avg), Standard Deviation (SD), Maximum acres (Max), and Minimum (Min)
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Movement Model NSO-DAT Scores — The average number of  acres with NSO-DAT movement model 
scores of  75 and above over 10 decades provides a way to compare the alternatives. The red dashed line on 
Chart 4-20 shows the 50 percent threshold goal of  South Puget Movement and higher-quality habitat. Table 
4-43 reports the averages for the Northern Spotted Owl Landscapes and Table 4-44 reports the averages by 
Spotted Owl Management Unit (SOMU).

Landscapes Alternative A Alternative B Alternative C
Avg SD Max Min Avg SD Max Min Avg SD Max Min

Elbe Hills	 6,960 2,082 9,884 4,818 9,969 653 10,739 8,800 10,477 885 11,672 9,580
Tahoma 9,311 1,540 12,001 6,314 12,272 2,517 15,634 6,314 12,070 2,699 14,200 6,314
Black Diamond 8,395 1,135 10,096 5,893 10,867 2,179 12,817 5,893 10,622 1,842 12,130 5,893

  *Averages (Avg), Standard Deviation (SD), Maximum acres (Max), and Minimum (Min)

SOMU Alternative A Alternative B Alternative C
Av SD Max Min Av SD Max Min Av SD Max Min

Ashford	 1,992 766 3,168 1,286 3,154 237 3,448 2,700 3,381 278 3,777 3,071
Big Catt 1,891 400 2,261 1,177 2,649 686 3,559 1,177 2,701 680 3,312 1,177
Busy Wild 4,968 1,325 6,717 3,533 6,815 423 7,362 6,100 7,096 611 7,895 6,509
Grass Mt. 6,182 806 7,435 4,489 7,977 1,592 9,912 4,489 7,556 1,201 8,764 4,489
Mineral Ck. 1,068 254 1,649 636 1,535 527 2,260 636 1,294 260 1,595 636
N. Fork Green Ck. 2,212 434 2,661 1,404 2,890 683 3,481 1,404 3,066 663 3,595 1,404
N. Fork Mineral Ck. 5,029 974 6,375 3,080 6,218 1,236 7,685 3,080 6,042 1,150 7,524 3,080
Pleasant Valley 301 78 428 193 536 142 699 193 503 167 772 193
Reese Ck. 1,322 270 1,765 1,069 1,870 249 2,199 1,422 2,086 257 2,345 1,422

  *Averages (Avg), Standard Deviation (SD), Maximum acres (Max), and Minimum (Min)

Table 4-43. NSO-DAT Movement Scores 75 and Above Acre for 10 Decades by Northern Spotted Owl 
Landscape* 

Table 4-44. NSO-DAT Movement Scores 75 and Above for 10 Decades by SOMU
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Chart 4-20. NSO-DAT Movement Score 75 and Higher for All Dispersal Management Areas 
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HABITAT FRAGMENTATION 
AND CONNECTIVITY 
The Northern Spotted Owl 
Dispersal Assessment Tool 
(NSO-DAT) provides a basis 
for evaluating stands as input 
into analyses which incorporates 
quality, quantity, and the 
configuration of  forest stands 
across landscapes. DNR chose the 
Integral Index of  Connectivity 
(IIC) because it integrates total 
habitat area, habitat quality, and 
connectivity between habitat 
patches (Pascual-Hortal and Saura 
2006). This part of  the analysis 
focuses on the differences between 
the management alternatives 
for dispersal management areas 
(Appendix G). The comparison 
of  alternatives presented below 
reflects modeled output data. Refer 
to Appendix C for a discussion of  
how Woodstock data was used, 
and Appendix G for how the 
NSO-DAT data was modeled. The 
three alternatives are compared 
at the planning unit level with 
all dispersal management areas 
combined.  

IIC scores calculated for 
the Elbe-Tahoma and Black 
Diamond landscapes include a 
one-mile buffer placed around 
the landscapes over the planning 
period. These IIC scores are scaled 
to values between zero and one; 
a score of  one would indicate the 
landscape and buffer is completely 
covered by habitat scoring 100 
on the NSO-DAT roosting and 
foraging models. The IIC scores 
were calculated separately for 
the two movement thresholds; 
400 meters (1,300 feet) for the 
colonization phase (Charts 4-21 
and 4-26) and 1,400 meters (4,600 
feet) for the transience phase 
(Chart 4-22 and 4-24). 

Chart 4-21. Integral Index of Connectivity (IIC) Scores for Elbe/
Tahoma NSO Landscape for Colonization Phase (400m)
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Chart 4-22. Integral Index of Connectivity (IIC) Scores for Elbe/
Tahoma NSO Landscape for Transience Phase (1400m)
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Chart 4-23. Integral Index of Connectivity (IIC) Scores for Black 
Diamond NSO Landscape for Colonization Phase (400m)
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Colonization phase dispersal 
is the overwintering period 
where northern spotted owls 
tend to remain in one place for 
a few months (Forsman and 
others 2002).

Transience phase dispersal 
is when northern spotted owls 
tend to move rapidly and ran-
domly without an established 
territory (Miller 1989).

Chart 4-24. Integral Index of Connectivity (IIC) Scores for Black Diamond 
NSO Landscape for Transience Phase (1400m)
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Table 4-45. Theoretical Potential Landscape Connectivity IIC Scores

400 m (Colonization Phase) 1400 m (Transience Phase)
Elbe/Tahoma 0.2507 0.2559
Black Diamond 0.1635 0.2094

Table 4-46. Harvest Activities (by Acres) in All Status One Owl Circles on 
Forested State Trust Lands Managed for Dispersal (2007-2017, Woodstock 
model)
Harvest Type Alternative A Alternative B Alternative C
Variable Retention Harvest 168 572 142 
Thinning 7 5 1,207 
Variable Density Thinning 1,184 470 385 
Total 1,359 1,047 1,734 

Theoretical Potential Landscape Connectivity IIC scores are calculated to 
assess the maximum IIC score that could be achieved assuming DNR dispersal 
management areas are completely covered by habitat scoring 100 on the NSO-
DAT roosting and foraging models (Table 4-45). 

ACRES HARVESTED IN THREE EXISTING NORTHERN SPOTTED 
OWL CIRCLES
In 2007, the harvesting restrictions in status one (reproductive) owl circles 
were lifted. Table 4-46 shows the amount of  harvest expected in these circles 
under each alternative until 2017.

Northern Spotted Owl Habitat Discussion
AREA MEETING NORTHERN SPOTTED OWL HABITAT DEFINITIONS 

South Puget Movement and Higher-Quality Habitat—Alternative A 
never reaches the 50 percent South Puget Movement habitat threshold because 
compared to Alternatives B and C, Alternative A targets a lower-quality habitat 
condition and maintains a portion of  overstocked stands in the landscape for a 
longer time (Chart 4-16). Alternatives B and C reach the 50 percent threshold 
by the fifth decade; while Alternative A never reaches more than 35 percent. 

Alternative C (Chart 4-16) 
is projected to produce 
marginally more acres of  
South Puget Movement 
and higher-quality habitat 
than Alternative B because 
of  the forests’ response to 
thinning activities done in 
the first few decades under 
Alternative C (Chart 4-1). 
Alternative B is projected 
to produce marginally 
fewer acres of  South Puget 
Movement and higher-
quality habitat, but it 
reduces risk by disturbing 
fewer forested acres in 
the first few decades and 
it results in similar habitat 
conditions in later decades 
(Chart 4-16).

Movement, Roosting, 
and Foraging (MoRF) and 
Higher-Quality Habitat—
Chart 4-17 shows little 
difference between the 
alternatives in the first four 
decades for Movement, 
Roosting, and Foraging 
(MoRF) and higher-
quality habitat due to the 
current conditions. All 
the alternatives take time 
to develop the structural 
complexity (such as snags, 
down wood, and multiple-
story canopies) that are key 
components of  Movement, 
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Roosting, and Foraging (MoRF) and higher-quality 
habitat. While Alternative C produced marginally 
more acres of  South Puget Movement and higher-
quality habitat, Alternative B produces more acres 
of  Movement, Roosting, and Foraging (MoRF) 
and higher-quality habitat, which is likely a more 
beneficial habitat condition for dispersing northern 
spotted owls. Alternative B also reaches the 35 
percent threshold a decade before Alternative C. In 
addition, Alternative B, when evaluating all dispersal 
areas, does not experience modeled dips in desired 
habitat conditions as Alternatives A and C do. While 
these dips for Alternatives A and C go slightly 
below current conditions, it is not known what 
specific effect they could have on northern spotted 
owls. However, it is probable that any habitat loss 
could be potentially adverse. 

AREA SUPPORTING NORTHERN SPOTTED OWL 
DISPERSAL LIFE HISTORY REQUIREMENTS

NSO-DAT Foraging Model — At the scale of  
dispersal management areas and SOMUs, the 
comparison of  spotted owl habitat created by the 
three alternatives is accomplished by looking at 
NSO-DAT foraging scores of  75 and greater. The 
foraging model was chosen because it is the most 
restrictive of  the three NSO-DAT models. The 
habitat conditions for foraging are the hardest to 
achieve because of  the requirements for snags and 
coarse woody debris. 

Under all three alternatives, the general trend is for 
foraging habitat to improve, with Alternatives B and 
C producing more acres of  northern spotted owl 
foraging habitat faster than Alternative A (Chart 
4-18). Alternative B produces marginally more 
acres of  northern spotted owl foraging habitat than 
Alternative C. In the second half  of  the planning 
period, all three alternatives start to achieve a similar 
trend of  maintaining and not increasing the amount 
of  habitat, most likely because of  the goal of  
creating northern spotted owl habitat in 50 percent 
of  the dispersal management areas. 

NSO-DAT Roosting and Movement Models 
— The roosting and movement models have trends 
similar to the foraging model (Charts 4-22 and 
4-23). Alternatives B and C show a steady upward 
trend for the first half  of  the 100-year planning 
period and then maintaining that general level for 
the second half. Alternative B is projected to create 

slightly more movement and roosting habitat than 
Alternative C. Alternative A shows little change 
from current conditions, likely because the 1997 
dispersal habitat target is easily met and maintained.

A major component of  the northern spotted owl 
movement model is adequate canopy cover. At the 
forest stand level, this attribute reduces the risk 
of  predation. Predation is the primary source of  
mortality for dispersing owls (Forsman and others 
2002; Miller and others 1997). The northern spotted 
owls’ major predator is the great horned owl, which 
prefers to hunt in open areas (Johnson 1993). 
The second major component of  the movement 
model is the upper threshold for the number of  
trees which provides adequate flying space for 
northern spotted owls. Alternatives B and C are 
projected to provide more movement habitat in 
all of  the planning decades, with a corresponding 
increase in protection from predators and improved 
flying space for the northern spotted owl. More 
movement habitat will increase the spotted owls’ 
dispersal ability to move through additional forest 
stands. 

The amount of  roosting habitat is projected to 
increase more rapidly under Alternatives B and 
C than under Alternative A. This increase in 
roosting habitat is likely to result in an increase 
in forest structures providing thermoregulation  
and protection from predators. The increased 
canopy depth and vertical diversity associated 
with roosting habitat provide more opportunities 
for owls to move vertically within a forest stand. 
Vertical movement helps regulate the owls’ body 
temperature. Thermoregulation is important during 
summer months reducing the chance that the 
spotted owls will overheat (Weathers and others 
2001). In addition, Buchanan (2004) suggests 
that because northern spotted owls often do not 

establish territories for a 
couple of  years, it would 
benefit dispersing northern 
spotted owls if  the 
landscape contained more 
structurally complex forest.

HABITAT FRAGMENTATION AND 
CONNECTIVITY 
The Integral Index of  Connectivity (IIC) values for 
Alternatives B and C show a marked increase over 

Thermoregulation is the 
ability of an organism to keep 
its body temperature within 
certain boundaries, even when 
surrounding temperature is 
very different. 
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time for both Elbe/Tahoma and Black Diamond 
northern spotted owl dispersal landscapes (Map 
4-2, Charts 4-21 to 4-24). Alternative B produces 
the best habitat scores over the entire planning 
period, with a more pronounced difference in the 
Elbe/Tahoma Landscape (Charts 4-21 and 4-22). 
However, Alternative C achieves a similar level in 
the final decade. Alternative A scores are below 
both Alternatives B and C and generally do not 
increase over time (Chart 4-21 and Chart 4-22).

While the index scores for both landscapes are low 
(less than 0.2), the comparison to the theoretically 
optimal scores for such landscapes shows that the 
maximum possible scores do not exceed 0.26 (Table 
4-45). The IIC heavily influenced by inclusion of  a 
one-mile buffer around each landscape, an area not 
managed by DNR which accounts for up to two-
thirds of  the area. Since the scores are dominated 
by the contributions from the quality of  the habitat 
area, the index numbers are small and differences 
between the distance thresholds are difficult to 
detect (Charts 4-21 to 4-24). On the Elbe/Tahoma 
landscapes in the first decade, the IIC score for 
the 1,400-meter (4,600-foot) threshold is more 
than double the 400-meter (1,300-foot) score. This 
difference declines over time as more habitat fills 
in, with scores in the tenth decade differing by 60 
percent for Alternative A (0.005 versus 0.008) to 
approximately 20 percent for Alternatives B and 
C. Trends are similar but more pronounced on the 
Black Diamond landscape because the lands are 
more fragmented. 

IIC scores for Theoretical Potential Landscape 
Connectivity (Table 4-45) are calculated to assess the 
maximum IIC score that could be achieved, assuming 
DNR dispersal management areas were completely 
covered by habitat that scored 100 on the NSO-DAT 
roosting and foraging models. This is a modeled 
measure of  the theoretical potential of  connectivity 
rather than an actual potential, not all DNR lands can 
achieve perfect habitat conditions. It is a reference 
point for IIC scores and helps the inference of  the 
influence of  dispersal management areas in buffered, 
modeled landscapes. Also, it is important to note 
that it is not known if  the difference between the 
maximum possible scores and the scores resulting 
from the alternatives is ecologically significant. The 
scores used in this analysis are for comparisons 
between the proposed alternatives.

ACRES HARVESTED IN EXISTING 
NORTHERN SPOTTED OWL CIRCLES
Alternative C has the greatest number of  acres 
harvested during the first decade within existing 
spotted owl circles, but the activities proposed are 
intended to increase structural diversity and improve 
habitat in the future (Table 4-46). Alternative A has 
the second highest number of  acres harvested in 
the first decade. While Alternative B has the lowest 
number of  acres harvested in the first decade, it also 
has the highest number of  variable retention harvest 
activities. Variable retention harvest is generally 
conducted in northern spotted owl management 
areas when a forest stand is in a condition that is not 
contributing toward habitat goals and less intensive 
management techniques (such as thinnings) are 
not likely to change the current habitat condition. 
In 1996, DNR analyzed these types of  impacts 
on northern spotted owl circles as part of  the 
development of  the 1996 EIS for the 1997 Habitat 
Conservation Plan (p. 4-50, Table 4.2.15). As part 
of  the HCP implementation, DNR moved from 
management by owl circles to conservation of  
habitat on a landscape scale. The current alternatives 
fulfill this landscape approach. 

EFFECTS ON INTERACTION BETWEEN BARRED 
OWLS AND NORTHERN SPOTTED OWLS 
Over the past 50 years, the barred owl has rapidly 
expanded its range in North America and may now 
be entirely sympatric with the northern spotted owl 
(Courtney and others 2004). However, very few 
studies have been designed specifically to evaluate 
these interactions (Courtney and others 2004), and 
no studies have been completed which analyze 
the effect of  habitat changes on them. Gutierrez 
and others (2006) found theoretical evidence for 
strong competition between barred and northern 
spotted owls. Hamer and others (1988, 2007) 
found that barred owls use the same habitats as 
northern spotted owls as well as habitats not used 
by northern spotted owls. Northern spotted owl 
surveys in 2005 and 2006 on DNR-managed lands 
in southwest Washington incidentally obtained 533 
barred owl detections, including 152 detections 
of  barred owl pairs (Minkova 2007). While these 
detections do not represent individual birds 
(some birds were detected more than once), when 
compared to barred owl detection rates in the same 
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area in the late 1980s, this information shows a 
dramatic increase in barred owl detections in the last 
two decades (Minkova 2007). For a similar period of  
time, the number of  occupied spotted owl sites on 
DNR-managed areas in the surveyed area decreased 
from 29 to six. While the study was not designed to 
prove causal relationship between the barred owl 
and northern spotted owl abundance, the increase 
in barred owl presence may be a negative influence 
on spotted owl occupancy. Until more scientific 
information is available defining differences in 
habitat use by the two species, it is not possible to 

*The SOMUs for this map were clipped to only include dispersal management areas.

Black Diamond Dispersal Landscape
1. North fork Green SOMU
2. Grass Mountain SOMU

Map 4-2.  Aggregation of Northern Spotted Owl Management Units*

Elbe Hills Dispersal Landscape
3. Busy Wild SOMU
4. Ashford SOMU

Tahoma Dispersal Landscape
5. Reese Creek SOMU
6. Big Catt Creek SOMU
7. Middle Fork Mineral Creek SOMU
8. Mineral Creek SOMU

Pleasant Valley Dispersal/NRF Landscapes
9. Pleasant Valley Nesting, Roosting, and 
Foraging (NRF- Not included in dispersal 
calculations)
10. Pleasant Valley SOMU

evaluate the impacts of  the alternatives on their 
potential competition.

EFFECTS OF CHANGING FROM SOMU(s) TO 
LANDSCAPES
Alternatives B and C propose changing the spatial 
unit used to account for habitat thresholds from 
SOMUs, which are modified 1997 WAUs, to a 
landscape scale (p. 29). The spotted owl landscapes 
are an aggregation of  SOMUs. Refer to Map 4-2.
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When evaluating the proposed change in 
management scale, the assessment methods of  
NSO-DAT and acres meeting desired habitat 
conditions (South Puget Movement and Movement, 
Roosting, and Foraging and higher-quality habitat) 
show there is no negative effect on the number 
of  acres of  habitat created. This is somewhat 
confounded since Alternatives B and C target 
habitat conditions in a distinctly different way 
than Alternative A. To account for the possibility 
that habitat conditions created under the three 
alternatives confound the results, another model 
run of  Alternative B was conducted which targeted 
habitat at the SOMU scale. A comparison of  these 
results showed that different management scales had 
little effect on increasing or decreasing the projected 
amounts and distributions of  habitat (Appendix G). 
Shifting the accounting of  habitat to a larger scale 
(from SOMU/WAU level to landscape level) does 
not appear to affect fragmentation or connectivity 
adversely as measured by IIC scores (Appendix G).

SENSITIVITY OF NSO-DAT MODELS TO 
UNCERTAINTY
Modeling and projecting northern spotted 
owl dispersal habitat is subject to a number of  
uncertainties, including knowledge of  the owls’ 
habitat needs. The NSO-DAT use of  evaluation 
criteria curves instead of  single thresholds is 
one way the model addresses the uncertainty 
of  the northern spotted owl’s habitat needs. 
Another way to address uncertainty is to vary the 
evaluation criteria and other model inputs and 
re-run the model. In consultation with a WDFW 
representative, DNR identified four principal areas 
of  uncertainty; three in stand characteristics (snags, 
coarse woody debris, and their combination) and 
one indicator at the landscape level (the costs of  
moving through unfavorable habitat types). These 
changes were applied to the base NSO-DAT model 
one at a time (for example the evaluation criteria 
for snags were changed) and the model was re-run. 
Comparisons of  the resulting landscape scores 
showed variation from the baseline model by -26 
percent to +41 percent in the initial period and -26 
percent to +15 percent in the final planning period. 
The largest increase in scores was under the scenario 
where the down wood requirement was dropped 
from 5,700 cubic feet per acre to 2,400 cubic feet 
per acre, and the largest decrease occurred in scores 

under the scenario where the cost of  moving 
through unfavorable habitat types was increased. 
Further details on the sensitivity analysis can be 
found in Appendix G.

Northern Spotted Owl Habitat 
Cumulative Effects
According to the indicators for areas meeting 
habitat definitions and NSO-DAT model scores, 
Alternatives B and C provided more northern 
spotted owl habitat faster than Alternative A (Chart 
4-16 to Chart 4-20, Tables 4-32 to 4-35, Tables 4-39 
to 4-44). 

The cumulative effects of  management actions 
upon spotted owls are defined by the ability of  
dispersing owls to move through the landscape. 
Dispersal management areas are located on forested 
state trust lands to help maintain the species’ 
distribution and facilitate its dispersal. The extent 
to which a landscape facilitates dispersal depends 
on not only the habitat quality of  forest stands and 
their size, but also on their spatial configuration. 
If  habitat is available on only one side of  a 
management area, owls may be unable to disperse 
successfully to other locations in that management 
area. 

This landscape-level modeling approach builds 
on the forest stand-level assessment models by 
considering the spatial arrangement of  the evaluated 
DNR-managed forest stands in relation to one 
another and on adjacent non-DNR lands. The DNR 
landscape model uses a graph-theoretic approach 
which involves identifying suitable patches of  
roosting and foraging habitat and calculating the 
distances between them and comparing them to 
the estimated dispersal capability of  the species 
to assess the landscape’s connectivity (Bunn and 
others 2000; Singleton and others 2002; Theobald 
2002). DNR incorporated the concept of  varying 
landscape permeability (Singleton and others 2002) 
into the landscape model; the concept evaluates the 
higher cost to an animal of  moving through areas 
of  poor habitat rather than areas of  better habitat. 
Other terms used in the literature that relate to 
landscape permeability include landscape resistance 
and cost pathways. Refer to Appendix G for a 
detailed explanation of  the methodology used.
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Figure 4-9. Colonization Phase Habitat Connectivity (400m) in the Elbe-Tahoma Landscape* 

*Connected Habitat Shares the Same Color; DNR-Managed Lands are Outlined in Black and a One-mile Buffer Zone is Outlined in Grey
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Elbe/Tahoma— Figure 4-9 demonstrates 
estimated connectivity between habitat patches in 
the Elbe/Tahoma landscape. The colored areas 
are habitat patches with NSO-DAT roosting and 
foraging scores that are greater than zero. The 
ability of  northern spotted owls to move between 
these habitat patches was estimated by using 
the average daily movement distances from the 
transience (1,400 meters) and colonization (400 
meters) dispersal phases (Forsman and others 
2002; Appendix G). Patches in the same color 
represent habitat clusters (groups of  patches) with 
links between them that are less than the respective 
(transience or colonization) movement distance. 
By the end of  the planning period, all alternatives 
show better habitat connectivity for dispersing 
spotted owls, although Alternative B has more 
connections than Alternative A. 

The IIC values for the Elbe/Tahoma (Charts 4-24 
and 4-25) show that Alternative B provides the 
highest values for the majority of  the planning 
horizon and Alternative C only achieves the same 
level at the end of  the planning horizon. 

Black Diamond— Figure 4-10 demonstrates 
estimated connectivity between habitat patches in 
the Black Diamond landscape. The Black Diamond 
landscape begins decade one with isolated clusters 
of  habitat but by the middle of  the planning period, 
the patches are large enough to be combined into 
larger clusters. Alternative C has a slightly more 
connected habitat clusters than Alternative B and 
Alternative A has the fewest.

The IIC values for Black Diamond (Charts 4-23 and 
4-24) show that Alternatives B and C are similar, 
with Alternative B having marginally higher IIC 
values than Alternative C. Alternative A, which does 
not see a substantial increase in habitat connectivity 
over time (Charts 4-23 and 4-24), would provide 
landscapes with only marginally better connectivity 
than current conditions. Alternatives B and C 
would have higher levels of  connectivity, potentially 
facilitating northern spotted owl dispersal and 
recovery. 

Similar to IIC values, the Landscape Coincidence 
Probability (LCP) index assesses habitat connectivity 
while integrating total habitat area and quality (refer 
to Appendix G for a detailed explanation of  the 

methodology used). Yet, rather than examining 
overall connectivity, LCP measures the probability 
that two randomly placed points in the landscape 
belong to the same patch or component (refer to 
Appendix G for a discussion of  Graph Theory). 
For this particular analysis, the index answers the 
following question:  What is the probability that two 
northern spotted owls randomly placed within our landscape 
(in either habitat or non-habitat) could find each other? 
Like IIC, LCP is also bounded between zero and 
one but unlike IIC, LCP sets a value to represent 
probabilities.  

In part because they are correlated, LCP values 
have trends similar to the IIC scores (Charts 4-21 
to 4-24). Compared to Alternative A, Alternatives 
B and C indicate an increasing probability over time 
that northern spotted owls are more likely to be in 
the same group of  habitat patches. The ecological 
significance of  these probabilities is not known, but 
it can be inferred that higher LCP values increase 
the probability of  a successful dispersal event, 
since greater LCP scores suggest larger and/or 
better-connected habitat through time. Landscapes 
generated under Alternative A are not as well 
connected and/or contain less habitat; therefore, 
under this alternative, there is less likelihood of  
owls finding each other or of  moving successfully 
through the landscape.

Northern Spotted Owl Habitat 
Mitigation
Alternatives B and C propose moving from the 
Spotted Owl Management Unit scale (SOMU) to 
a landscape scale to meet the goal of  developing 
50 percent DNR-managed forest lands in desired 
habitat conditions (each alternative has different 
desired habitat conditions; refer to Chapter 2, p. 29 
and Map 4-1). Currently, under Alternative A, there 
is no requirement for monitoring the configuration 
of  habitat. The 1997 Habitat Conservation Plan 
depends upon the SOMUs achieving 50 percent 
of  desired habitat conditions to provide the spatial 
distribution. These SOMUs are different sizes, 
with no limitations on where habitat is located in 
each SOMU. It is not known if  habitat is becoming 
more or less connected over time. As mitigation for 
changing from the SOMU scale to the landscape 
scale, it is proposed to monitor the distribution 
of  the habitat created by tracking IIC values. The 
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Figure 4-10. Colonization Phase Habitat Connectivity (400m) in the Black Diamond Landscape* 

*Connected Habitat Shares the Same Color; DNR-Managed Lands are Outlined in Black and a One-mile Buffer Zone is Outlined in Grey
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Area Colonization Phase (400m) Transience Phase (1400m)

All NSO 
Dispersal 
Landscapes

Black Diamond 
NSO Landscape

Elbe Hills/
Tahoma NSO 
Landscape
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Figure 4-11. Landscape Coincidence Probability (LCP) Values for Colonization and Transience Phases in 
Northern Spotted Owl Landscapes

monitoring would require that the distribution of  
habitat not go below current levels. (These index 
values were chosen as a threshold because there are 
no scientific recommendations for dispersal habitat 
configuration, although the assumption is that more 
connected landscapes of  higher-quality habitat 
would benefit dispersing northern spotted owls 
more than disconnected low-quality habitat.) The 
projections are that habitat connectivity will increase 
under Alternatives B and C and remain similar to 
current levels under Alternative A (refer to Charts 
4-21 to 4-24). 

The modeling and analysis results of  the new owl 
strategy (Appendix G) show that its implementation 
does not indicate probable, significant, or adverse 
environmental impacts that are not already mitigated 
by the strategies in the 1997 Habitat Conservation Plan.

Monitoring of  connectivity values for these areas 
will be documented in the Habitat Conservation 
Plan 10-Year Comprehensive Review Report. Refer to 
Appendix G for a description of  proposed IIC 
values, habitat configuration, and monitoring 
strategies.
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Air Quality
This section contains an analysis of  the impacts of  
DNR’s management activities on air quality and a 
discussion of  mitigation measures. Potential impacts 
caused by other forms of  air contamination and 
natural factors are discussed in Chapter 3 (p. 113).

Criteria and Indicators for Air Quality
DNR follows national air quality standards 
established by the Clean Air Act (1970) and the 
Environmental Protection Agency. DNR will 
continue to comply with new standards at both a 
state and national level as they change.

For the purposes of  this analysis, the estimate of  
carbon emissions of  diesel fuel used to haul timber 
removed from DNR-managed state trust lands to a 
processing site or a mill is a primary indicator of  air 
quality. 

Results for Air Quality
This section describes the methodology and 
analysis involved in calculating carbon emission 
estimates from merchantable timber volume for all 
alternatives over the 100-year planning period.

Chart 4-25 shows that the merchantable timber 
volume being removed under Alternative A is the 
highest of  the alternatives, followed by Alternative 
B, and then Alternative C. Since this measurement 
is the basis of  all other calculations in this 
section, it is important to point out that although 
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Chart 4-25. Merchantable Timber Volume in Million Board Feet (mmbf)

Alternative B has a higher overall removal level, it 
is more consistent than Alternative C, which peaks 
much higher (Decades 4-5) and dips much lower 
(Decades 6-8). 

It is assumed that each logging truckload consists of  
4.5 thousand board feet per trip and each trip has 
two parts: one way empty and one way with a full 
load. Using decadal estimates for the WAUs with 
more than 20 percent DNR–managed lands, DNR 
divided the average amount of  timber removed 
per decade by 4.5 thousand board feet, giving the 
number of  haul trips per decade. DNR then divided 
these values by 10 to get the average number of  
haul trips per year. 

A typical semi-truck achieves a fuel efficiency of  
approximately six miles per gallon for diesel fuel. 
In the planning unit, the average haul distance 
per truckload is 50 miles, or 100 miles round-
trip. Therefore, for every 4.5 thousand board feet 
hauled to a mill, nearly 17 gallons of  diesel fuel is 
used. Using the annual haul trip estimation, DNR 
multiplied the value by 17 (gallons used per 100 mile 
haul trip) to find the number of  gallons of  diesel 
consumed per year on average.

According to an Ecology estimate, each gallon of  
diesel burned releases 22.38 pounds of  carbon 
dioxide into the atmosphere. After creating an 
estimate of  average fuel consumption per year, the 
estimate was multiplied by 22.38 (pounds of  carbon 
dioxide emitted per gallon of  diesel), producing 
estimates of  overall carbon dioxide emissions per 

year from hauling timber 
from forested state trust 
lands in this planning unit. 
The information is shown 
in Chart 4-26, a box plot 
that shows many details 
of  the 10-year carbon 
emission data. Each box 
represents the middle 50 
percent of  values for the 10 
decades; the larger the box, 
the greater the deviation 
in values. Therefore, 
Alternative C has a greater 
variability of  values than 
Alternatives A and B. The 
values of  a box plot are 
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shown in Figure 4-4; the lines (whiskers) extend to 
the 10th and 90th percentiles. The dots represent 
the fifth and 95th percentiles. 

By showing estimates for decade one with the 
mean and standard deviation, the coefficient of  
variance (Cv)  can be determined, which shows 
the continuity in the data (or lack thereof, in the 
case of  Alternative C) for a specified length of  
time. Table 4-47 shows estimated values for the 
first decade’s carbon emissions, the 100-year mean, 
standard deviation, and coefficient of  variance. The 
coefficient of  variance places a comparable value 
on each alternative’s average deviation from the 
mean, where higher values show greater variation 
in the sample. As Chart 4-26 shows, Alternative 
C has a much higher coefficient of  variance than 
either Alternative A or 
Alternative B, although 
it has the lowest overall 
mean.
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Chart 4-26. Carbon Emissions in Millions of Pounds over 10 Decades for All 
Alternatives

Table 4-47. Estimated Pounds of CO2 Emitted per 
Year

Alternative Decade 1 Mean Std dev Cv
A 31,583,329 31,984,059 5,113,533 0.16
B 31,052,205 27,036,919 3,213,301 0.12
C 34,651,565 26,443,479 6,779,094 0.26

Coefficient of Variance is 
equal to the standard deviation 
divided by the mean for all ten 
decades in the planning period.

Direct, Indirect, and 
Cumulative Impacts 
for Air Quality
The coefficient of  variance 
values show little difference 
between Alternatives 
A and B for carbon 
emissions, as seen in Table 
4-46, representing little 
variation between decades. 
Alternative A has the 
highest emissions overall 
because more timber is 
harvested in the long term; 
Alternative B is consistently 
lower than either of  
the other alternatives. 
While Alternative C has 
the greatest variation in 
emissions over the planning 

period, because it removes the lowest timber 
volumes through a higher proportion of  thinning, 
it has the lowest mean under all three alternatives 
(Table 4-2). Although the standing timber volume 
is the same under Alternatives B and C, more 
harvestable volume is left standing because of  
the added requirements for northern spotted owl 
habitat (p. 105). Based on the mean values in Table 
4-46 (carbon emission), Alternative C has the lowest 
overall emissions, but spikes in certain decades 
(Chart 4-26) mean the alternative has the highest 
level of  emissions in those decades. These spikes 
could pose a threat to air quality, although they are 
infrequent, their effects could be marked in those 
decades.

None of  the proposed management alternatives 
creates new policies or procedures related to air 
quality. Impacts related to air quality would result 
from the projected forest management activities 
within each of  the alternatives (p. 124). The 
alternatives differ slightly in their effects on air 
quality, but none has a potential for significant 
environmental impacts relative to current 
conditions, beyond those anticipated and disclosed 
in the 1996 Draft Environmental Impact Statement for the 
Habitat Conservation Plan.

The Governor’s Climate Change Framework 
legislation11, 12 will require certain entities to report 

Im
p

ac
ts

 f
o

r 
A

ir
 Q

u
al

it
y



South Puget Planning Unit Final Environmental Impact Statement • January 2010	 	 	 	 	             201

carbon emissions from motor vehicle fleets that 
exceed a certain threshold (5,511,500 pounds of  
carbon per year) by 2010. From the calculations 
above, hauling timber from state trust lands 
falls well below this threshold although the total 
emissions do not include those of  the personal 
vehicles that belong to people who travel to and 
from work or recreation sites along forest roads. 

ROADS
The management alternatives presented in this 
analysis are likely to have similar amounts of  
roads. Road mileage and trip numbers increase 
and decrease with distance from a mill and the 
amount of  timber hauled. Therefore, more thinning 
activities likely will result in more temporary 
roads and greater traffic for short periods on 
them, increasing the amount of  airborne dust and 
particulates (p. 164).

RECREATION
The amount of  recreation in these areas has 
increased over the past decade and the trend is 
likely to continue as air quality diminishes in urban 
settings. Refer to Indicators Used to Measure Recreational 
Impacts (p. 165).

Through the multiple-use concept7, DNR 
allows the public to access most roads within the 
landscape. Public access increases overall road 
usage. DNR road quality meets or exceeds the 
standards set by the Washington Forest Practices 
Board, which recognizes maintenance as the best 
way to limit airborne contaminants from logging 
roads. Management of  public access and road 
maintenance will not differ between alternatives.

Off-road vehicles used for recreation are another 
concern for air quality. These vehicles are not 
held to the same emissions standards as vehicles 
registered for and operated on roads. They run on 
inefficient two- and four-stroke engines that emit 
carbon monoxide, hydrocarbons, nitrogen oxide, 
and particulate matter which are a concern for 
human health and contribute to greenhouse gases 
(US DOT 2001). 

MITIGATION
Dust abatement practices (such as spraying water 
or dust abatement materials on road surfaces or 

restricting use), especially in dry areas, can mitigate 
air quality impacts under all alternatives. 

Another way to mitigate impacts to air quality is to 
keep prescribed burning levels below the anticipated 
1997 HCP level (DNR may burn 500 to 1,000 acres 
per decade for site preparation, and 300 to 1,000 
for wildfire risk reduction). The total amount of  
prescribed burning is likely to remain below the 
level anticipated in the 1997 HCP.

Carbon Sequestration 
Estimating the effects of  the proposed alternatives 
on carbon sequestration is complex. Many factors 
affect sequestration and storage; some components 
of  an alternative may contribute to a net removal of  
carbon, while other components may offset those 
gains. 

Expected Natural Succession
Forest stands follow successional development 
pathways depending on their initial state and the 
disturbances that occur over time. The amount 
of  carbon sequestered in forests depends on the 
balance between wood biomass growth and carbon 
loss as a result of  tree mortality and decay. Some 
trees in the Ecosystem Initiation and Competitive 
Exclusion stand development stages (refer to Text 
Box 3-1) will die over the next two to four decades 
(representing natural mortality losses). However, 
the remaining trees will continue to grow and 
sequester additional carbon. Stands in Competitive 
Exclusion, Understory Development, and Biomass 
Accumulation stages are acquiring more carbon 
than they are losing to mortality. More structurally 
complex stands, such as Niche Diversification and 
Fully Functional forests, maintain a carbon balance 
(neither gaining nor losing carbon).

Harvesting timber for dimensional lumber is a 
method of  long-term storage of  carbon. Thinning 
may increase the total amount of  sequestered 
carbon in a forest if  the thinned material is used 
as dimensional lumber. In unthinned forest stands, 
some trees die when competing for light, water, 
and nutrients. The carbon from these trees is 
released back into the system and can, through 
decomposition, be released into the atmosphere 
(McPherson and Simpson 1999).
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Differences Based on Stand 
Development Stages
Alternatives B and C rely more heavily than 
Alternative A on thinning as a harvesting method. 
Thinning converts a portion of  the trees that would 
die into lumber, thereby increasing the net amount 
of  stored carbon. Carbon stored in structural 
lumber is likely to last much longer than in decaying 
trees. Alternatives that concentrate tree growth in 
crop trees—which are harvested and converted to 
wood products—may allow carbon to be stored for 
longer periods. 

Although total acres for variable retention harvests 
are less than for thinning under all alternatives, 
Alternative A uses variable retention harvesting 
as a primary means to achieve harvest volume 
targets. Variable retention harvesting generally 
leaves large, healthy trees on site and is followed by 
replanting. The modeled data trends (Appendix D) 
show that in all land classes, Alternative B has the 
most consistent acreages in Ecosystem Initiation 
throughout the 100-year planning period, while 
Alternatives A and C decrease initially and recover 
in about the fifth decade. Young, vigorously growing 
trees in the Ecosystem Initiation stage of  stand 
development are rapidly performing photosynthesis 
and storing carbon from the air. Other stand-
dynamic trends are similar between alternatives in 
upland areas.

There are more obvious differences in stand-
dynamic trends for GEMs than for Uplands 
and Riparian. These differences are most likely 
linked to the diversity of  thinning options for 
Alternative B and, especially, Alternative C. Over 
the 100-year planning horizon, the number of  
acres in Competitive Exclusion and Understory 
Development stages varies the most among the 
alternatives. Opening up these forest stands may 
remove some large trees used for building materials 
and allow other trees to increase their diameter and 
grow faster. 

Under Alternatives B and C, many stands have 
longer overall rotation lengths because of  
intermediate thinning strategies. These methods 
could increase above-ground carbon storage over 
Alternative A, which has shorter total rotation 
lengths and a lower amount of  thinning.

Table 4-48. Quadratic Mean Diameters (QMD) for 
All Alternatives

QMD A B C Total
0-15 140,230 142,898 136,529 419,657
15-30 157,618 174,346 168,726 500,690
30- 45 3,870 4,148 3,769 11,787
Total 331,128 322,372 309,972 963,472

Alternative A is the lowest producer of  mid-range-
diameter trees (Table 4-48) but produces large 
trees similar to Alternative C; the trends are also 
very similar to Alternative B. Alternative A also 
harvests more timber (Chart 4-24) than Alternatives 
B and C, but uses less thinning to reduce within-
stand competition and tree mortality. More trees 
potentially could die and decay under Alternative 
A, releasing carbon into the atmosphere. Although 
Alternative B has a higher overall removal level, its 
decadal removal levels are more consistent than 
Alternative C, with higher peaks in the fourth 
and fifth decades and much lower harvest levels 
in decades six to eight. The higher volumes of  
timber removed per decade, achieved through a 
combination of  variable retention harvests and 
thinning activities would most likely be processed 
into long-term building products that would 
sequester carbon well-beyond expectations during 
this planning period.

There are variable harvest differences and carbon 
sequestration levels for all three alternatives 
throughout the planning horizon. 

Differences Based on Carbon Model 
Estimates
Following methods described by Smith and others 
(2006), DNR created estimates for forest carbon in 
the planning unit. First, DNR used current forest 
conditions to model standing biomass by age and 
species for all alternatives. Then, a harvest activities 
database was used to determine the volume 
removed for all alternatives, by age and species. 
The removal was then broken down by the type 
(saw vs. chip), although the values of  end uses (no 
matter the method of  removal) were combined. 
Third, the rate of  variable retention harvests for 
each alternative was estimated. Finally, these volume 
rates were converted to carbon using values and 
equations described in Smith and others (2006) and 
followed through the 100-year planning period to 
establish whether the volume is maintained in the 
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forest, in structural lumber, in a landfill, or lost in 
some other way. These values can be found in Table 
4-49. Carbon maintained in forests does not include 
carbon in the soil. 

This method’s results are similar to those of  
stand development stage changes over time for 
the alternatives, but assign more specific values 
to volumes and areas. The overall average of  
carbon for the planning unit is currently estimated 
at 83 tons per acre. This average equates to the 
amount of  carbon in a 30- to 40-year-old stand. 
All three alternatives project higher levels per acre 
at the end of  the planning horizon. Alternative 
A (95 tons/acre) has the lowest projected value, 
followed by Alternative C (107 tons/acre), and a 
slightly higher Alternative B (109 tons/acre). Just 
as Alternative B produces more timber volume 
through its management regimes, it also sequesters 
more carbon than the other alternatives with a 
similar trend. Chart 4-27 shows general trends 
for carbon sequestration levels for all alternatives. 
Again, the management regimes used in Alternative 
B out-perform those used in both of  the other 
alternatives, especially Alternative A.  

Table 4-49. Modeled Carbon Estimates (in tons) for All Alternatives

Carbon in end uses1 Carbon in landfills Carbon maintained in forests
Alternative 2007 2047 2087 2007 2047 2087 2007 2047 2087

A 361,893 849,622 1,446,096 4,589 11,692 19,214 12,132,104 13,093,424 13,764,471
B 360,777 820,891 1,284,555 4,431 11,362 18,380 12,132,104 14,388,776 15,776,290
C 459,464 911,730 1,371,313 4,570 12,610 19,584 12,132,104 14,302,759 15,032,960

1. End uses are milled lumber often used in structures.

Although the benefits of  Alternative B in the 
initial decades are only slightly higher than those 
of  Alternative C, these similar levels of  carbon 
sequestration are achieved by quite different 
harvesting techniques and could result in different 
impacts. Refer to forest conditions (p. 124) to 
identify both positive and negative impacts of  these 
harvesting methods.
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