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Glossary of selected terms used in this report

We have defined the following terms used in the report as follows:

Collaborative Adaptive Management (CAM): The participatory process as implemented in
SNAMP. CAM is a science-driven, stakeholder-based process for decision-making
while dealing with the scientific unknowns inherent in many physical and biological
systems. In the SNAMP process, adaptive management incorporates stakeholder
participation to improve the amount and breadth of information for decision-making,
create meaningful engagement and build mutual understanding, learning, and trust.

Fire Severity: A ranking of fire effects on the landscape from low to high, as described below.

Low severity fires generally stay low to the ground, clearing out underbrush, thin
young trees, and forest floor biomass. Most leaves or needles remain on trees, even
though some may be brown and the lower branches may be scorched. Low-severity
fires are considered beneficial to maintaining a healthy forest by lessening the chance
of future high severity wildfires.

Moderate severity fires burn into the forest canopy and consume the needles and
leaves from many, but not all, trees. These fires also consume a portion of the forest
ground cover. Since moderate severity fires typically leave the biggest and most
vigorous trees alive, some forest canopy cover will remain.

High severity fires consume from half to all of the forest canopy and biomass on the
forest floor. The ash from high severity fires offers little protection from rainfall and
erosion, and under certain conditions, a water-repellent (or hydrophobic) layer is
formed in the soil that decreases water infiltration and increases runoff and soil
erosion, especially in the first rains following the fire.

“Neutral Third Party” role: University research and extension staff participated in SNAMP as
a “third party” with the goal of providing independent or “neutral” information to
the adaptive management process. This included scientific information and the
facilitation and gathering of stakeholder input.

Strategically Placed Land Area Treatments or “SPLATs”: Based on the theoretical
demonstration that disconnected fuel treatment patches across a landscape can
reduce the overall rate of fire spread and intensity. The Sierra Nevada Forest Plan
Amendment calls for the strategic placement of SPLATs across the landscape to
interrupt potential wildfire spread, reduce the extent and severity of these fires, and
therefore improve the continuity and distribution of old forests across landscapes.

viil



Chapter 1. INTRODUCTION

Overview

The Sierra Nevada Adaptive Management Project (SNAMP) is a joint forest management
assessment by the University of California (UC), the University of Minnesota, the University of
Wisconsin, state and federal agencies, and the public. SNAMP was created in response to
uncertainty about forest fuels management in the Sierra Nevada and the controversy resulting
from the United States Forest Service’s 2004 Sierra Nevada Framework (USFS 2004) that
established the current legal boundaries for management prescriptions in the Sierra Nevada
national forests. Broadly, SNAMP was formed to learn how to apply adaptive management as
required in the 2004 Framework, with an emphasis on engaging the public in a meaningful way.
More specifically, SNAMP was designed to assess the efficacy of forest fuels management on
potential fire behavior and the impacts of that management on three essential natural resources:
forest ecosystem health, wildlife, and water, while incorporating participation by all interested

stakeholders, including the public.

A key objective was to evaluate the impact of Strategically Placed Land Area Treatments
(SPLATS; see Glossary), a forest fuel reduction treatment, with respect to four resource values:
e fire and forest ecosystem health,
o wildlife, focusing on the Pacific fisher (Pekania [Martes| pennanti) and the California
spotted owl (Strix occidentalis occidentalis),
e water quantity and quality, and

e public participation.

Each response variable had an associated science team, and these teams were supported by a
spatial analysis team. As a group, these teams were called the “UC Science Team” and
comprised scientists from UC Berkeley, UC Merced, University of California Cooperative
Extension, the University of Minnesota, and the University of Wisconsin. The UC Science Team
functioned as an independent “neutral third party” (see Glossary) and implemented assessment
methodologies that focused on specific response variables to:

1. make predictions,



2. analyze data and results,
3. provide feedback to the MOU Partner agencies, and

4. facilitate public participation and shared learning.

Sierra Nevada Adaptive Management Project’s origins

The following chronology outlines a brief history of the events that led to creation of
SNAMP:
2001 - The Sierra Nevada Forest Plan Amendment is released to supplement the primary, legal
land and resource management plans for national forests in the Sierra Nevada and Modoc
Plateau. Covered are the Humboldt-Toiyabe, Modoc, Lassen, Plumas, Tahoe, Eldorado,
Stanislaus, Sierra, Inyo, and Sequoia National Forests and the Lake Tahoe Basin Management
Unit. This document is known as the 2001 Sierra Nevada Framework and had its origins in work
done to protect the California spotted owl through an ecologically based approach to assessing
and managing landscapes on these national forests (USFS 2001).
2004 — The 2004 Sierra Nevada Forest Plan Amendment replaces the 2001 Framework in its
entirety. This document is known as the 2004 Sierra Nevada Framework. It “adopts an
integrated strategy for vegetation management that is aggressive enough to reduce the risk of
wildfire to communities in the urban-wildland interface while modifying fire behavior over the
broader landscape” (USFS 2004). This emphasis leads to significant controversies, including
direct conflict among the State of California Resources Agency, the United States Fish and
Wildlife Service, and the Forest Service. The 2004 Framework requires an adaptive management
process but does not define this process.
2005 - The California Resources Agency, the Fish and Wildlife Service, the Forest Service
Pacific Southwest Region, and the Forest Service Pacific Southwest Research Station sign a
Memorandum of Understanding (MOU). Stipulated in this MOU is a request for the assistance of
the University of California to serve as a “neutral third party” of experts to help develop an
adaptive management plan. The UC Science Team and the MOU Partner agencies initiate the
planning process to develop adaptive management.
2006 - The SNAMP workplan is drafted through an open, public process including shared

academic peer review and public comments. Potential study areas are evaluated.



2007 — Study areas are selected. Implementation of the UC Science Team workplan begins with

baseline data collection.

Goals of MOU Partner agencies

The Memorandum of Understanding entered into by the Forest Service Pacific Southwest
Region, the Forest Service Pacific Southwest Research Station, the Fish and Wildlife Service,
and the California Resources Agency in February 2005, laid out goals that the MOU Partner
agencies wished to achieve (for MOU, see Appendix G). Their overarching goal was to “develop
and apply a refined and active multiparty adaptive management and monitoring system
consistent with the Sierra Nevada Forest Plan Amendment” and to achieve this goal through
cooperation between the agencies and other stakeholders. The Partner agencies also stated

individual and consensus goals.

The Forest Service stated its goals in the MOU as follows:

The Forest Service is interested in building stakeholder understanding and
trust in the implementation of the [2004 Framework]. The Forest Service and
State recognize the value of using the University of California (“University”)
as a neutral third party with expertise in projects of this sort to assist in
developing a process with the Forest Service and interested stakeholders to
refine an active adaptive management and monitoring system. This refined
adaptive management and monitoring process will inform and contribute to
the improvement in implementation of land management practices, as
prescribed, that will restore and protect valued natural resources and reduce
the threats to them and communities at risk.

The Fish and Wildlife Service stated its goals in the MOU as follows:

The Fish and Wildlife Service is interested in participating in the adaptive
management process at both a technical and management level, in order to
ensure that post-treatment and post-fire conditions offer multi-species habitat
enhancement and the conservation of Federal threatened, endangered and
candidate species. This process would include the development and review of
individual project implementation monitoring and involve a feedback
mechanism to ensure that appropriate changes are implemented when desired
conditions and conservation goals are not being met at an individual project
and landscape level.



The California Resources Agency stated its goals in the MOU as follows:

The State is interested in increasing progress across the Sierra Nevada to
reduce the risk of catastrophic wildfire to the communities, and associated
destruction of wildlife habitat, water quality and adverse impacts on air
quality in the region. The State is also interested in ensuring that the technical
and management activities of the Forest Service, currently managing 11.5
million acres [~4.65 million hectares] in the Sierra Nevada on behalf of the
public, are effectively achieving broadly agreed upon goals weighing wildlife
habitat needs with reducing expected wildfire losses, and improving overall
forest health and structure and protecting municipal water supplies on a
watershed basis. This objective is best achieved by full engagement by the
Forest Service in a collaborative adaptive management and monitoring
process with interested federal, state, local stakeholders, government agencies,
Native American Tribal representatives and the scientific community as full
partners directed previously by Congress and consistent with the [Western
Governors Association] 10-Year Comprehensive Strategy and Implementation
Plan. This adaptive management approach can improve forest management
practices on lands owned and managed by other entities, both public and
private.

Finally, the MOU Partner agencies stated their consensus goals in the MOU as follows:

There is mutual interest in understanding how various projects will look and
function at the stand level as well as across larger landscapes. All Parties share
the same general objective of balancing wildlife habitat needs and water
quality considerations with reducing expected wildfire losses, and improving
overall forest health and structure. A collaboratively developed and refined
adaptive management strategy of annual monitoring, evaluation and
accountability should inform management and interested stakeholders whether
direction is being implemented as described, whether management practices
are resulting in expected outcomes, and whether desired conditions are being
met over appropriate timeframes. The adaptive management strategy should
also offer a shared basis for designing and tracking changes or improvements
at the stand and/or larger landscape levels. The refined [Sierra Nevada Forest
Plan Amendment] adaptive management and monitoring process will be
coordinated with other monitoring processes under the Healthy Forests
Initiative, the Wildland Fire Leadership Council, the December 23, 2004
[National Forest Management Act] planning regulations, and other ongoing
[Sierra Nevada Forest Plan Amendment] studies and research.

As part of SNAMP final products, the MOU Partner agencies will prepare a response to
this final report that evaluates the UC Science Team assessment, the SNAMP collaborative

process, and the extent to which SNAMP achieved their goals.



Sierra Nevada Adaptive Management Project framework and timeline

The overarching conceptual framework of SNAMP was that of a collaborative adaptive
management process (see Glossary). Because the effects of any management activity, such as
forest fuel treatments, are likely to be confounded by concurrent ecological and environmental
changes, this confounding must be limited by the experimental design. The premise that
collaborative adaptive management involves deliberate experimentation rather than a passive
trial-and-error approach provided the first pillar of the SNAMP conceptual foundation. The
second conceptual pillar was that collaborative adaptive management must be a participatory
process that engages scientists, stakeholders, and managers in a long-term relationship grounded
in shared learning about the ecosystem. The UC Science Team proposed that grounding
collaborative processes in a common body of knowledge about the areas to be managed, and the
unfolding of the assessment process, would support more effective science and inform decision-
making and relationships among stakeholders and managers. The SNAMP collaborative adaptive
management framework was predicated on the belief that this approach can provide for a shared
understanding of the dynamic behavior of ecosystems and of the dramatic changes, both long-

and short-term, that ecosystems have undergone.

SNAMP was born from a desire to try a different approach, one that diverged from the
legacy of conflict, mistrust, and legal challenges. The UC Science Team was created as a neutral
third party charged with developing information that could inform adaptive management in
Sierra Nevada forests. To increase the likelihood that the SNAMP data and analyses would be
useful to all participants, the UC Science Team had to establish from the beginning that all
parties could trust SNAMP science and could also trust the UC Science Team’s facilitation
experts to act as neutral facilitators in the collaborative process. The UC Science Team decided
early on that it had to make its activities and decisions as transparent as possible to everyone,
agencies and public alike. This meant that the UC Science Team workplans, budgets, underlying
assumptions and working hypotheses, methodologies, initial findings, data analyses,
interpretations, and scientific disagreements all had to be detailed and discussed in public
forums. SNAMP data were made publicly available to the extent possible (for the SNAMP Data

Sharing Agreement, see snamp.cnr.berkeley.edu). As a neutral third party, the UC Science Team

was also committed to objective communication to the best of its ability. The UC Science Team


http://snamp.cnr.berkeley.edu/

published a statement detailing its commitment to neutrality and outlining how it would maintain
neutrality in SNAMP research (for the UC Science Team’s Statement of Neutrality, see:

snamp.cnr.berkeley.edu).

SNAMP was not structured to have the financial resources to statistically sample the
variation in firesheds throughout the Sierra Nevada mixed conifer forest. The feasible alternative
was to pick study areas that would represent the primary biogeographic gradient — latitude — by
selecting one northern and one southern Sierra study area. SNAMP considered study areas that
were broadly representative of northern and southern Sierra Nevada mixed conifer forest; areas
that were outliers in any major characteristic were rejected. In 2007, the two SNAMP study areas

were selected:

1) Last Chance, the northern study area, named after the Forest Service’s Last Chance Project,
was in the American River Ranger District of the Tahoe National Forest. The expanded
California spotted owl study area included portions of the Eldorado National Forest. The

northern study area contained Sierra Nevada mixed conifer forest with residual old-growth trees.

2) Sugar Pine, the southern study area, named after the Forest Service’s Sugar Pine Project, was
in the Bass Lake Ranger District of the Sierra National Forest. The forest was mixed conifer. The
southern study area provided habitat for the Pacific fisher, and, as with the spotted owl team

study area, the fisher study area encompassed more than just the Sugar Pine Project site.

The Forest Service’s 2004 Sierra Nevada Forest Plan Amendment (USFS 2004)
emphasized the need to adopt “an approach for modifying wildland fire behavior across broad
landscapes through the strategic placement of area treatments.” In the Supplemental
Environmental Impact Statement (USFS 2004), these “broader landscapes™ are referred to as
firesheds. Consequently, SNAMP undertook to use the fireshed as the spatial scale for reporting
SNAMP results and making management recommendations. Firesheds share the scalability of
watersheds: large firesheds can be subdivided into smaller “catchment” sub-firesheds, which at
the SNAMP study areas were between 3,500-10,000 acres (1,400-4,000 hectares). Each study

area comprised a pair of firesheds, one in which a SPLAT treatment was implemented by the


http://snamp.cnr.berkeley.edu/

Forest Service, the other serving as an untreated control. SNAMP analyses also employed a
uniform time scale: immediate effects (0-5 years post-SPLAT treatment) and long-term effects
(up to 30 years post-implementation, the estimated lifespan of a SPLAT treatment). Impacts
were assessed both directly with seven years of field data and also with modelling, especially for

longer term effects.

The original SNAMP workplan (see Appendix H) envisioned a rigorous “Before-After
Control-Impact” (BACI) experimental design for the evaluated resources (see Chapter 3 for
details). However, there were significant delays in implementing the SPLATSs and a truncation of
the original SNAMP timeline due to budget limitations, which diminished the value of the BACI
design by weighting pre-treatment data over post-treatment data. The Fire and Forest Ecosystem
Health Team and the Water Team were able to conduct modified BACI assessments. The
wildlife teams could not employ a BACI experimental design, and instead, developed other study
designs, including the use of datasets from related studies, to address the project’s primary
question of SPLAT impacts on resources (Note: the Pacific fisher BACI assessment will be
completed at a later date by the Forest Service Pacific Southwest Research Station). In addition
to addressing the primary question, the UC Science Team developed multiple new methods and
analytic techniques and produced extensive datasets relative to each topical area, which are

detailed in this final report and in the scientific journal articles listed in Appendix J.

An essential component of SNAMP was that the final product would include an
integrated multi-resource assessment; that is, all the resources would be evaluated together as a
unit. This integrated assessment provides a comparative framework that is the same for all the
resources evaluated in the SNAMP project, allowing managers and other end-users to compare

the impacts of SPLATS across resources.

The UC Science Team began pre-treatment data collection at both study areas in summer
2007, including pre-treatment lidar data flights flown in 2007 and 2008. During this period, the
proposed Forest Service SPLAT treatments for the two sites proceeded through standard
National Environmental Policy Act processes. Pre-treatment data collection continued for more

years than had been initially anticipated because of delays in SPLAT implementation at both



sites. The bulk of SPLAT implementation at the two sites took place in 2011 and 2012; the
Forest Service was solely responsible for designing and implementing the SPLATS. Following
SPLAT implementation, the UC Science Team collected 1-2 years’ worth of post-treatment data
in 2012 and 2013, including lidar data. In 2014-2015, the UC Science Team analyzed data and
modelled outcomes, integrated team results, wrote the final report, and presented our findings
and management recommendations to the MOU Partner agencies and interested stakeholders.
The Participation Team will provide final outreach and feedback opportunities in 2015. See

Figure 1-1 for the SNAMP timeline.

Content of the following chapters

Chapter 2 provides detailed information on the two SNAMP study areas, including a
description of the study area selection process. Chapter 3 compiles summaries from each
individual team chapter intended to provide the background for the integrated assessment and
management recommendations, including brief descriptions of each team’s methodology and of
those results most relevant to integration. Chapter 4 provides the integrated assessment of the
impacts of SPLATSs on the SNAMP focal resources. Chapter 5 comprises our integrated
management recommendations. Chapter 6 compiles the executive summaries from all the
individual team chapters, including resource-specific findings and management

recommendations.

The full individual team chapters are to be found as appendices to this report. The

appendices also include a list of SNAMP publications.
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Figure 1-1: Sierra Nevada Adaptive Management Project (SNAMP) timeline, 2005-2015. MOU-Memorandum of
Understanding; USFS-United States Forest Service; USFWS-United States Fish and Wildlife Service; UC-University of
California; PPT-UC Science Team Participation Team.



Chapter 2. STUDY AREA SELECTION AND DESCRIPTION

Study area selection

To develop the foundation upon which an adaptive management model could be built by
the Forest Service, the UC Science Team designed a monitoring approach that 1) used controls to
isolate the impact of treatments (SPLATS); 2) evaluated effects on attributes of concern (e.g.,
fire, water, wildlife); and 3) provided a level of inference from the results sufficient to make
decisions. The scale of the effort as described in the 2004 Sierra Nevada Forest Plan Amendment
(USFS 2004) needed to consider “broad landscapes” called firesheds. In concept, firesheds are
analogous to watersheds but are topographic units delineated based on the behavior of a problem
fire — a fire that has the greatest negative potential impact given local topography, weather, and
fire history. The size of firesheds can vary, but they need to be sufficiently large to assess the

effectiveness of fuel treatments (Bahro et al. 2007).

There were approximately 10,577 mi® (4,084 km?) of potential study area (westside
mixed conifer forests) in the northern Sierra Nevada (Tahoe and El Dorado National Forests)
available for sampling. In the Sierra and Sequoia National Forests, the combined mixed conifer
forest type available for sampling covered 6,446 mi® (2,489 km?). Among the many potential
locations considered for the northern region, the Last Chance study area met the most selection
criteria (8 of 11 criteria, Table 2-1); the Sugar Pine study area was best among the southern
region (9 of 11 criteria, Table 2-1). Importantly, both areas fell within the range of structural and
topographic variation present in the region and were therefore not outliers (Table 2-2). The two
areas also represented a social-economic gradient in federal lands management. The northern
study area, “Last Chance”, near Foresthill, had a history of extractive use by the Forest Service.
The southern study area, “Sugar Pine”, near Oakhurst, abutted Yosemite National Park and had a

somewhat contrasting federal management history (Figure 2-1).

Each study area comprised a pair of firesheds: one fireshed in which a SPLAT treatment
project would be implemented by the Forest Service, the other fireshed receiving no treatment
and thus providing an experimental control (Figures 2-2 and 2-3). Sugar Pine had a classic

paired-fireshed approach: one fireshed was treated and the immediately adjacent fireshed served
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as a control. At Last Chance, the topography limited the availability of a classic control. The best
control in terms of matching vegetation, soils, terrain, area, and management history was to use
the two adjacent watersheds (one north and one south of the treatment fireshed) to represent the
"control" fireshed. The two watersheds were not spatially connected, but they did meet the
criterion for fireshed designation in that we expected similar wildfire behavior in the two

watersheds.

The northern study area included the Last Chance Integrated Vegetation Management
Project area in the American River Ranger District of the Tahoe National Forest in addition to
portions of the Eldorado National Forest, in Placer and El Dorado counties (Figure 2-2; the
Eldorado Study Area is part of the expanded Owl Study Area; see pages 28-29 and Appendix C
for complete details). Both the Tahoe and the Eldorado National Forests, located in the north-
central Sierra Nevada, supported diverse forest communities and a range of wildlife including the

California spotted owl.

The southern study area included the Sugar Pine Adaptive Management Project area and
was located in the Bass Lake Ranger District of the Sierra National Forest on the western slope
of the south-central Sierra Nevada, almost completely in Madera County (Figure 2-3). The
southern site provided a study area for the Pacific fisher, which, like the Owl Study Area,
encompassed more than just the Sugar Pine site (see page 33 and Appendix D for complete
details). The forests at the southern study area were mixed conifer forests with elements of old-

growth forest structure.
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Table 2-1: Criteria for study area selection and evaluation. Note criteria were unranked.

Criteria Last Chance Sugar Pine
(northern) (southern)

Old forest habitat present for species at risk Yes Yes

Potential for recruiting large tree structure Yes Yes

Proximity to wildland urban interface No Yes

Adjacent to significant amounts of private land eligible for state grants Yes No

Large enough to support fireshed scale assessment Yes Yes

Representative of typical Sierran landscape (i.e., not an outlier)
Presence of perennial stream
Sufficient organizational capacity of National Forest to implement treatments

Presence of existing data/studies/infrastructure

History of land and resource management agencies involving

community interest in forest management

Potential to influence desired forest conditions and monitor changes in those
conditions

Costs of development and implementation of treatments

Yes (see Table 2-2)

Yes

Yes

Yes: Eldorado California
spotted owl study

Not determined

Yes

More remote; potentially
more expensive

Yes (see Table 2-2)

Yes

Yes

Yes: Kings River
Study

Not determined

Yes

Yes; extensive
infrastructure available
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Table 2-2: Outlier analysis of chosen study areas relative to candidate locations in the northern Sierra Nevada (Tahoe and Eldorado
National Forests) and the southern Sierra Nevada (Sierra and Sequoia National Forests). Results based on GIS data layers were
provided by the USFS. For the quantitative variables (elevation, slope, and distance from urban areas), means are reported with
standard deviations in parentheses. For categorical variables, the top two ranked categories are reported followed by their fractional
importance in parentheses. Majority categories are reported for the candidate areas.

Region ) Canopy cover class | Tree size distribution
Elevation Slope Distance from (%) (size class)
(ft) ©) urban.area
Study Area (mi) 1" Rank | 2" Rank | I1* Rank 2" Rank
Tahoe and Eldorado 4,956 >59 40-59 Small Medium
National Forests (1289) | 22 13.3(5.3) 040) | (030) | (0.44) (0.36)
5,241 . . :
Last Chance (1315) 6.7 (5.2) 16.8 (1.8) Majority: 40-59 Majority: Medium
Sierra and Sequoia 6,583 >59 40-59 Small Medium
National Forests (10200 | 3133 19.6 (8.0) 042) | (0.24) (0.70) (0.17)
. 4,425 . .
Sugar Pine (820) 7.2 (2.9) 3.7 (2.0) Majority: 40-59 Majority: Small
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Figure 2-1: Sierra Nevada Adaptive Management Project study areas in the northern (Last
Chance) and southern (Sugar Pine) Sierra Nevada, California.
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Figure 2-2: Control (dark grey) and treatment (light grey) sites at Last Chance, the Sierra
Nevada Adaptive Management Project’s northern study area in the Sierra Nevada, California.
Bear Trap Creek and Frazier Creek were the headwater catchments evaluated by the Water
Team.
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Figure 2-3: Control (dark grey) and treatment (light grey) sites at Sugar Pine, the Sierra Nevada
Adaptive Management Project’s southern study area in the Sierra Nevada, California. Big Sandy
Creek and Speckerman Creek were the headwater catchments evaluated by the Water Team.
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Study areas

Spatial, soils, and climatic characteristics

Last Chance, the northern study area, was defined by the boundaries of four adjoining

watersheds (Figure 2-2). The treatment fireshed consisted of the two central watersheds: Deep

Canyon and Grouse Creek. We used the two immediately adjacent watersheds as the control

(Screwauger Canyon and Peavine Creek). The study area encompassed an area of 38.4 mi” (99.5

km?), with elevation ranging from 2,625 ft (800 m) in the southwest to almost 7,218 ft (2,200 m)

in the northeast portion of the study area (Table 2-3). Soils were moderately deep, well-drained

Inceptisols with a gravely loam texture. The Crozier and Hurlbut soil series that were most

common at Last Chance were derived from andesite and metasedimentary parent material

(NRCS Web Soil Survey).

Table 2-3: Estimated perimeter and area of the Sierra Nevada Adaptive Management Project’s

Last Chance study area and its associated Owl Team study areas, Sierra Nevada, California.

Perimeter

Study area name Treatment type (mi) Area (mi®) | Acres | Hectares
Screwauger Canyon watershed Control 17.1 13.3 8,537 3,455
Deep Canyon watershed Treatment 18.3 8.3 5,343 2,162
Grouse Creek watershed Treatment 16.1 8.2 5,264 2,130
Peavine Creek watershed Control 15.8 8.5 5,445 2,203

TOTAL LAST CHANCE CORE AREA 67.3 384 24,589 9,951
Hydrology study area (within Last Chance study area)
Bear Trap Creek watershed Treatment 4.1 0.7 426 172
Frazier Creek watershed Control 4.6 0.7 457 185
Owl Team-related expanded study areas
SNAMP Owl 39.2 95.6 61,183 24,760
Eldorado Study Area 69.6 220 140,800 | 56,980

Sugar Pine, the southern study area, was located in the southern end of the central Sierra

Nevada, approximately 124 mi (200 km) south of Last Chance (Figure 2-3). Encompassing

approximately 12.9 mi® (33.6 km?), elevations at Sugar Pine ranged from 3,936 ft (1,200 m) in

the southwest to 7,216 ft (2,200 m) in the northeast portion of the study area at Speckerman

Mountain (Table 2-4). The deep, well-drained soils at Sugar Pine developed from weathered
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granodiorite. Holland family soils (Inceptisols) with a sandy loam texture were most common

(NRCS Web Soil Survey).

Table 2-4: Estimated perimeter and area of the Sierra Nevada Adaptive Management Project’s
Sugar Pine study area and its associated Fisher Team study area, Sierra Nevada, California.

Study area name Treatment type | Perimeter (mi) | Area (miz) Acres | Hectares
Sugar Pine Treatment 13.1 7.4 4,719 1,910
Nelder Grove Control 14.5 5.5 3,549 1,436

TOTAL 27.6 12.9 8,268 3,346

Hydrology study area (Big Sandy is within the Forest Service’s Fish Camp Project)

Big Sandy Treatment 6.1 0.9 592 240
Speckerman Control 4.3 0.9 351 142
TOTAL 10.4 1.8 943 382

TOTAL SUGAR PINE CORE AREA | 38.0 | 148 | 9211 | 3,727

Fisher Team-related Forest Service projects adjacent to Sugar Pine

Fish Camp Project 17.4 8.5 5,441 2,202

Cedar Valley Project 14.2 7.0 4,464 1,807

Climatic conditions during SNAMP’s 7 years of data collection (2007-2013) were highly
variable, with annual precipitation ranging 49.6 — 98.4 inches (125.5 — 250.0 centimeters) at Last
Chance, and 23.2 — 72.4 inches (58.9 — 183.9 centimeters) at Sugar Pine (Figure 2-4). Annual
values and years in this section refer to the water year, October to September (e.g., 2009 is the
period October 2008 — September 2009). Precipitation during 2009-2010 was comparable to the
long-term mean for most of the Sierra Nevada but substantially higher than average in 2011.
Precipitation rates were below average for the remainder of the study period, resulting in drier
than normal conditions in four of the seven years. Timing of precipitation during dry periods was
variable, with some years having early season storms followed by dry winter months (2013), and
some years exhibiting dry autumn periods followed by late winter storms (2012, 2007 in Sugar
Pine). The Last Chance area received higher annual precipitation than Sugar Pine, consistent
with the general trend of increased precipitation with higher latitudes in the Sierra Nevada for

areas of similar elevation. Precipitation data for Last Chance and Sugar Pine were obtained from
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the Blue Canyon and Poison Ridge meteorological stations respectively, both operated by the

U.S. Bureau of Reclamation.
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Figure 2-4: Cumulative water year precipitation rates at the Sierra Nevada Adaptive
Management Project study areas, Last Chance and Sugar Pine, Sierra Nevada, California, during
the study period (2007-2013). Precipitation data were obtained from the Blue Canyon (Last
Chance) and Poison Ridge (Sugar Pine) meteorological stations, both operated by the U.S.
Bureau of Reclamation.

Given the Mediterranean climate, strong seasonal signals of temperature and precipitation
were present (Figure 2-5). Diurnal temperatures in the winter often fluctuated around the
freezing point, with a December mean daily maximum/minimum temperature of 44.2°F/28.7°F
(6.8°C/-1.8°C) for Last Chance and 43.4°F/22.8°F (6.3°C/-5.1°C) for Sugar Pine. Peak summer
temperatures occurred during July, with a mean daily maximum/minimum temperature of
78.8°F/46.3°F (26.0°C/7.9°C) and 81.6°F/55.9°F (27.6°C/13.3°C) for Last Chance and Sugar
Pine, respectively. Precipitation generally increased during October and November, leading to
the majority of precipitation falling December through March before tapering off from April to
June. The dry summer months yielded minimal rainfall. Inter-annual timing of precipitation was
highly variable, with moisture totals during the month December ranging 0.3 - 21.9 inches (0.8 -
55.6 centimeters) at Last Chance and 0.0 - 19.5 inches (0.0 — 49.5 centimeters) at Sugar Pine.
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Temperature data are from the Bear Trap and Big Sandy meteorological stations at Last Chance
and Sugar Pine, respectively, which were more representative of mean fireshed elevation

conditions than the higher elevation stations.
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Figure 2-5: Seasonal patterns of precipitation and temperature observed during the Sierra
Nevada Adaptive Management Project (2007-2013) in the northern (Last Chance) and southern
(Sugar Pine) study areas, Sierra Nevada, California, representative of a Mediterranean climate.
Vertical lines on the monthly precipitation bars indicate the range of observed conditions.
Temperature lines connect monthly means of minimum and maximum daily temperatures.

Vegetation

To characterize stand structure and record changes in conditions resulting from
treatments, the Fire and Forest Ecosystem Health Team established a system of forest inventory
plots at Last Chance and Sugar Pine. From a random starting point, we established forest
inventory plots at 1,640 ft (500 m) spacing across both study areas (Figure 2-6). This core grid
resulted in 328 plots in Last Chance and 127 plots in Sugar Pine. In the small instrumented
catchments used to measure hydrological responses, we increased the density of plots within our
grid by reducing the spacing to 820 ft (250 m) or 410 ft (125 m). To better characterize fire

effects, we increased plot density (820 ft spacing) in a recently burned area on Last Chance
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Figure 2-6: Forest inventory plots (black dots) and SPLAT locations (grey polygons) at (left) the northern site, Last Chance, and at
(right) the southern site, Sugar Pine, in the Sierra Nevada Adaptive Management Project’s two study areas, Sierra Nevada, California.
Black lines (curved) show the fireshed boundaries, and the outer boundary is the Lidar footprint.
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(Peavine fire) and extended the measurements to a site with recent fuel treatments just southwest

of Sugar Pine (Cedar Valley). As a result we had 408 and 284 pre-treatment plots on Last

Chance and Sugar Pine, respectively. Pre-treatment plot measurements were collected during the

summers of 2007 and 2008. To maximize the time since treatment (2011-2012), we completed

the post-treatment sampling in one field season — 2013.

Vegetation at Last Chance was dominated by a mature, mixed conifer forest (Table 2-5;

Figure 2-7). White fir (4bies concolor) and Douglas-fir (Pseudotsuga menziesii) were the two

most abundant species, but incense cedar (Calocedrus decurrens), sugar pine (Pinus

lambertiana), ponderosa pine (Pinus ponderosa), and California black oak (Quercus kelloggii)

were codominants at variable densities. Patches of montane chaparral dominated by manzanita

(Arctostaphylos spp.) were interspersed throughout the study area.

Table 2-5: Extent and species composition of vegetation types at the Sierra Nevada Adaptive
Management Project’s Last Chance study area, Sierra Nevada, California.

Vegetation | Area | ABCO' | ABMA | CADE | PILA | PIMO | PIPO | PSME | QUKE
Class Yo Relative Basal Area (%)
Open True Fir 4 43 19 0 6 8 13 10 0
Pine Woodland 7 23 16 0 14 1 30 16 0
\hf,ig‘:(ﬁ;‘zlnifer 12 34 3 6 13 0 22 18 2
ggﬁ?firl\ggzgt 19 24 2 8 19 0 24 20 3
g:ﬁ?fr:rl\lfé’r‘:i 56 33 4 7 18 0 13 22 3
Low Shrub 1 (Arctostaphylos spp.)
High Shrub 1 (Arctostaphylos spp.)

'Species Codes: ABCO, white fir (4bies concolor); ABMA, California red fir (4. magnifica);
CADE, incense-cedar (Calocedrus decurrens); PILA, sugar pine (Pinus lambertiana); PIMO,
western white pine (P. monticola); PIPO, ponderosa pine (P. ponderosa); PSME, Douglas-fir
(Pseudotsuga menziesii); QUKE, black oak (Quercus kelloggii).
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Mature mixed conifer forest also dominated at Sugar Pine (Table 2-6; Figure 2-8), but
species composition differed from Last Chance in that there was no Douglas-fir, and the Nelder
Grove watershed contained a small grove of giant sequoia (Sequoiadendron giganteum). In
addition to black oak and interior live oak (Quercus wislizeni), typical hardwood and shrub
species included white alder (4lnus rhombifolia), Pacific dogwood (Cornus nuttallii), mountain

whitethorn (Ceanothus cordulatus), deerbrush (Ceanothus integerrimus), and greenleaf

manzanita (4rctostaphylos patula).

Table 2-6: Extent and species composition of vegetation types at the Sierra Nevada Adaptive
Management Project’s Sugar Pine study area, Sierra Nevada, California.

Area ABCO' | CADE | PILA | PIPO | QUKE | QUWI
Vegetation Class o
0 Relative Basal Area (%)

Open Pine-Oak Woodland 3 2 0 15 48 33 0
Pine-Cedar Woodland 14 9 22 7 36 13 11
Mature Mixed Conifer 57 2% 29 ] 17 9 7
Forest

Closgd-canopy Mixed 2% 38 29 16 9 4 3
Conifer Forest

'Species Codes: ABCO, white fir (4bies concolor); CADE, incense-cedar (Calocedrus
decurrens); PILA, sugar pine (Pinus lambertiana); PIPO, ponderosa pine (P. ponderosa);
QUKE, black oak (Quercus kelloggii); QUWI, interior live oak (Q. wislizeni).
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Figure 2-7: Vegetation map of the Last Chance study area, Sierra Nevada, California. Map
includes the firesheds and surrounding regions captured by the Lidar imagery.
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Figure 2-8: Vegetation map of the Sugar Pine study area, Sierra Nevada, California. Map
includes the firesheds and surrounding regions captured by the Lidar imagery.
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Forest structure varied between the two study areas. In general, the forests at Sugar Pine
had more basal area and higher canopy cover (Table 2-7; Table 2-8). These differences reflected
a combination of edaphic conditions as well as variation in fire history and timber management.
Several small streams bisected both study areas, resulting in terrain that was moderately
complex, though there were also a few areas of extreme slope and major dissecting features such
as large rivers or steep ridges. This topographic complexity influenced variation in vegetation.
However, the two study areas reflected the general condition of the mixed conifer forest in the
Sierra Nevada. A century of fire suppression along with shifting policies regulating timber
harvesting in the national forests has resulted in changes in species composition and forest
structure. Compared to pre-settlement times, contemporary forests have a greater dominance of
shade tolerant but fire sensitive species. In terms of structure, contemporary forests support
higher surface fuel loads, greater tree density, and smaller average tree size (Collins et al. 2011,

Taylor et al. 2014, MclIntyre et al. 2015).

Table 2-7: Characteristics of forest structure at the Last Chance study area, Sierra Nevada,
California.

Vegetation Class Bz(u;:;} ;t;'lea Cano?oi) )Cover Lore)(ffgeight
Low Shrub -- -- --
High Shrub - - -
Open True Fir 17 9.2 33
Pine Woodland 49 21.8 43
Mixed Conifer Woodland 88 36.4 51
Young Mixed Conifer Forest 108 46.1 61
Mature Mixed Conifer Forest 210 61.5 86

"Mean values reported based on pre-treatment plot data.
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Table 2-8: Characteristics of forest structure at the Sugar Pine study area, Sierra Nevada,
California.

Vegetation Class Bz(n;tz;} ;:;'lea Cano?oi) )Cover Lore)(ffgeight
Open Pine-Oak Woodland 50 14.7 40
Pine-Cedar Woodland 86 38.1 58
Mature Mixed Conifer Forest 206 66.8 83
1S(l)(r)zsetd-canopy Mixed Conifer 296 746 106

"Mean values reported based on pre-treatment plot data.

Fire history

Fire history, inferred from fire scars recorded in tree rings, suggested a pre-Euro-
American settlement fire regime that had predominantly frequent, low-severity fires occurring at
regular intervals (Stephens and Collins 2004, Scholl and Taylor 2010). Based on fire scars
collected in the study areas by the Fire and Forest Ecosystem Health Team, during this period the
median fire return interval for Last Chance was 15.0 years and 11.0 years for Sugar Pine. Native
American activity in the study areas was high before European settlement. The ancestral territory
of the Nisenan Native American community is in the forests of north-central Sierra Nevada
(Matson 1972). Up until 1901, the area that is now the town of Bass Lake (approximately 9 km
from the Sugar Pine watershed) was a large, lush meadow used by the Chuckchansi and Mono
tribes. Under traditional management, fire was used extensively to keep the forest open,
encourage herbaceous growth for game animals, and produce vegetative growth conducive to
basket weaving and arrow construction (Anderson 2005). The social context and forest history

of the two study areas is discussed in greater detail below.

SPLAT implementation

The SPLATSs implemented in the two study areas were typical of those placed in mixed
conifer forests (Agee and Skinner 2005). In general, the prescriptions (Figure 2-6) allowed
treatment of approximately 25-40% of the treatment watersheds (4,094 ac [1,657 ha]) by
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thinning (i.e., thinning from below or cable harvesting (Last Chance)), in some cases followed by
mechanical/hand piling and burning. Mastication of shrubs and small trees (primarily within 20-
to 30-year-old plantations at Last Chance) occurred on 1,037 ac (2.5-15%), and prescribed fire
on 807 ac (4-5.6%). Because of operational delays, treatments were implemented over several
years (2008-2012) and were modified at Sugar Pine to protect wildlife habitat. Within the Last
Chance study area, the Peavine Fire (551 ac [223 ha]) burned in August 2008, prior to our pre-
treatment sampling. Post-burn forest structure and fuels were measured, but we did not consider
this a component of our fuel treatment network. Last Chance received SPLATS on 18.4% of its

treatment fireshed while Sugar Pine received treatment on 29.3%.

Wildlife: California spotted owl study area (northern study area)

The SNAMP owl study had four areas, two of which were contiguous. The original
SNAMP study area was the Last Chance study area (38.4 square miles [100 km?]), consisting of
core treatment and control firesheds (Figure 2-9: the “FFEH: Treatment” and “FFEH: Control”
shaded polygons). To increase the sample size of owl locations, this core area was expanded by
establishing a 1.5 mile (2.4 kilometer) “buffer area” (an additional 57 square miles [148 km?])
that surrounded the main firesheds and incorporated several previously surveyed owl territories
(Figure 2-9: “Owl: SNAMP Main Area” polygon). After the first year of field work (2007), the
sample size of owls within this expanded area was deemed insufficient to assess the effects of
SPLATSs on owls. Therefore, the Owl Team proposed a further expansion of the SNAMP Owl
study to incorporate additional areas from the Eldorado Spotted Owl Demographic Study where
owls had been under long-term monitoring and where fuels treatment projects had been ongoing
since that study’s initiation (Seamans et al. 2001). These areas were the 137 square-mile (355
km?) Eldorado Density Study Area (EDSA) and the 220 square-mile (570 km?) Eldorado
Regional Study Area (ERSA), located east of Georgetown in El Dorado and Placer counties,
California (Figure 2-9: “Owl: Eldorado Study Area” polygon and multiple “Owl: Regional
Areas” circles). Members of the Owl Team had established the EDSA in 1986 to assess
population trends and monitor vital rates of the owl population. The ERSA was established in
1997 to increase the sample size of the EDSA and to allow assessment of owl dispersal; the

ERSA consisted of individual or clusters of owl territories distributed over a much larger area
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than the EDSA. To maximize our sample size over space and time, we used historic data going
back to 1993 from the EDSA and ERSA where many of the treatments were not specifically
SPLATSs. For example, fuel treatments on Forest Service land prior to 2004 did not follow the
SPLAT guidelines delineated in the 2004 Sierra Nevada Framework, but their effects on forest
structure were similar to SPLATS (i.e., similar retention guidelines for large trees, basal area, and

canopy cover).

Throughout the remaining discussion, we refer to the original (smaller) SNAMP study
area and its buffer as the “Last Chance Study Area” and any combination of data from the
Eldorado Density and Regional Study Areas as the “Eldorado Study Area.” When data were
combined from all four study areas, we referred to this entire footprint as the “SNAMP Owl
Study Area.” All areas were typical of mid-elevation Sierra Nevada topography, with
mountainous terrain bisected by steep river canyons. The Last Chance Study Area and Eldorado
Density Study Areas were in close proximity (<3.5 miles [6 kilometers] distant); in some cases,
boundaries of owl territories (based on nearest neighbor distances among owl locations) within
the Eldorado Regional Study Area overlapped the Last Chance Study Area. Elevation ranged
from 1,168 feet (356 meters) to 7,540 feet (2,298 meters). From 1990 to 2008, average annual
precipitation was 46.5 inches (118.2 centimeters) at the Hell Hole Automated Weather Station,
which was situated near both study areas at an elevation of 5,240 feet (1,597 meters). Most
precipitation fell as snow at higher elevations, which often precluded access to the original
SNAMP study area until well into the owls’ annual breeding season. The Eldorado Study Area
experienced a wide range of timber harvests on both public and private lands, as well as some

wildfire, from 1986-2013 (see Appendix C for further details).

Vegetation on the SNAMP Owl Study Area was influenced by elevation, topography,
soil, and natural and anthropogenic disturbance histories. These influences contributed to

heterogeneity within the study area with respect to the distribution and composition of vegetation
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Figure 2-9: Map of the Owl Team study areas in the northern Sierra Nevada Adaptive
Management Project study area, Sierra Nevada, California.
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types. However, Sierran Mixed Conifer forest accounted for the majority of vegetation
throughout all areas (Table 2-9) and was dominated by ponderosa pine and white fir. Other
common tree species were sugar pine, California black oak, Douglas-fir, and incense cedar.
Montane Hardwood and Montane Hardwood-Conifer made up approximately 14 and 7% of the
areas respectively (Table 2-9). Montane Hardwood was dominated by various species of
hardwood such as California black oak, tanoak (Notholithocarpus densiflorus), madrone
(Arbutus menziesii), big leaf maple (Acer macrophyllum), and canyon live oak (Quercus
chrysolepis). Montane Hardwood-Conifer was dominated by these same species in addition to
conifers such as ponderosa pine, white fir, Douglas-fir, incense cedar, and sugar pine. Montane
Hardwood-Conifer occurred either as mixed-species stands of hardwoods and conifers or as
mosaics of patches of nearly pure hardwoods and conifers. Red Fir Forest made up a small
proportion of vegetation in the area but was locally important because it supported several owl
territories at higher elevations. This vegetation type was dominated by red fir (4bies magnifica)
and lodgepole pine (Pinus contorta). Other vegetation types were locally important but

collectively added relatively small proportions to the study area (Table 2-9).
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Table 2-9: Proportion of vegetation types that constitute the Sierra Nevada Adaptive
Management Project’s Owl Study Area in the central Sierra Nevada, California; derived from the
CALVEG GIS layer (USFS 1981). Classification follows California Wildlife Habitat
Relationships Program (CWHR; Mayer and Laudenslayer 1988).

WHRTYPE Description % of Study Area
SMC Sierran Mixed Conifer 57.89
MHW Montane Hardwood 14.09
MHC Montane Hardwood-Conifer 7.18
PPN Ponderosa Pine 4.74
MCP Montane Chaparral 4.47
WFR White Fir 3.46
DFR Douglas Fir 2.75
JPN Jeffrey Pine 1.38
BAR Barren [Rock/Soil/Sand/Snow] 0.88
AGS Annual grasslands 0.73
PGS Perennial grasslands 0.57
MCH Mixed Chaparral 0.45
RFR Red Fir 0.40
LAC Lacustrine 0.27
MRI Montane Riparian 0.11
CPC Closed-Cone Pine-Cypress 0.08
URB Urban 0.05
WTM Wet meadow 0.04
BOP Blue Oak-Foothill Pine 0.04
RIV Riverine 0.01
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Wildlife: Pacific fisher study area (southern study area)

The SNAMP fisher study area consisted of three nested landscapes: the SNAMP study
area, the key watersheds, and the SNAMP Fisher study area. The original southern SNAMP
study area, consisting of two control and two treatment firesheds (Sugar Pine, Nelder Grove,
Speckerman, and Big Sandy firesheds) was considered too small to accurately assess both fisher
population parameters and the impacts of fuel reduction efforts. To improve the Fisher Team’s
ability to assess treatment impacts, the study area was initially increased to include not only the
SNAMP study area but also several surrounding Forest Service fuel reduction projects (i.e., the
Fish Camp and Cedar Valley projects; Figure 2-10). This expanded study area, consisting of the
Sugar Pine, Nelder Creek, White Chief Branch, and Rainier Creek watersheds, covered 49.4
square miles (128 km?) and is hereafter referred to as the ‘key watershed’ area. This key
watershed area defined the high-intensity, focal monitoring region for assessing the impacts of

vegetation and fuel management on fishers.

However, as the project progressed, it quickly became evident that, due to the large
movement capacity and space use of fishers, as well as their relatively low natural density, the
key watershed area was still insufficient for assessing fisher population parameters. Therefore,
additional less-intensive monitoring was conducted across a much larger area, including the non-
wilderness region of the Bass Lake Ranger District as well as the southern portion of Yosemite
National Park (Figure 2-10). This expanded study area, referred to as the SNAMP Fisher study
area, covered approximately 502 square miles (1,300 km?) between the Merced and San Joaquin
Rivers (Figure 2-10), and incorporated both public and private land. Therefore, throughout the
remaining discussion, we refer to the original four firesheds as the “SNAMP study area”, the
expanded area for assessing treatment impacts as the “key watershed area”, and the larger study

area for assessing fisher population dynamics as the “SNAMP Fisher study area”.

The SNAMP Fisher study area incorporated landscapes between 3,280 feet (1,000
meters) and 7,875 feet (2,400 meters). This elevation gradient contained a mix of hardwoods
(California bay (Umbellularia californica), canyon live oak, and California black oak), and a few
conifers at lower elevations (ponderosa pine and incense cedar; California Wildlife Habitat

Relationship [CWHR] system MHW, PPN, and MHC habitat types), a mix of multiple conifers
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(ponderosa pine, Jeffrey pine (Pinus jeffreyi), white fir, and incense cedar) and hardwoods
(California black oak, white alder, and Pacific dogwood) between 4,265 feet (1,300 meters) and
6,070 feet (1,850 meters; CWHR habitat types SMC, MHC, PPN), and graded into red fir
(CHWR habitat type RFR) above 6,235 feet (1,900 meters). Giant sequoia were present but
primarily restricted to the Nelder Grove Historic Area within the Nelder Creek watershed.
Common shrubs and tree-like shrubs included whiteleaf manzanita (4rctostaphylos viscida),
greenleaf manzanita, mountain misery (Chamaebatia foliolosa), bush chinquapin (Chrysolepis

sempervirens), mountain whitethorn, and snowberry (Symphoricarpos mollis).

Within the SNAMP Fisher study area, approximately 36,250 acres (14,670 hectares) of
fuel and vegetation management occurred during the SNAMP fisher study (2007-2013; Figure 2-
11). This included a variety of management actions ranging from site preparation for planting to
mastication to prescribed fire. The dominant activities included: pre-commercial thinning
(14,443 acres [5,845 hectares]), commercial thinning (10,400 acres [4,209 hectares]), mastication
(6,284 acres [2,543 hectares]), and hazardous fuel reduction (4,599 acres [1,861 hectares]).
Prescribed fire was conducted over 2,553 acres (1,033 hectares) at a range of intensities, and an
additional 472 acres (191 hectares) burned in a wildfire in 2010. Within the key watershed area,
approximately 6,902 aces (2,793 hectares) were treated for fuel reduction using a combination of
mastication, pre-commercial and commercial thinning. This fell predominantly under three
projects: Cedar Valley (1,604 acres [649 hectares], completed 2010), Fish Camp (890 acres [360
hectares], completed 2012), and Sugar Pine (5,790 acres [2,343 hectares], completed 2013).
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Figure 2-10: Map of the Sierra Nevada Adaptive Management Project (SNAMP) fisher study
area, including the SNAMP study area firesheds and the key watershed area, in the Bass Lake
Ranger District of the Sierra National Forest, California.
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Figure 2-11: Fuel reduction treatments, 2007-2013, surrounding the southern Sierra Nevada
Adaptive Management Project study firesheds in the southern Sierra Nevada, California.

Water study areas

Field sites for hydrologic monitoring were located at both Last Chance and Sugar Pine
study areas (Figure 2-12). Multiple catchments in each study area were evaluated based on
criteria such as slope, aspect, elevation, vegetation type, canopy closure, and tree size

distribution. The goal was to identify catchments that had physiographic and vegetation
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conditions representative of the study area. Two headwater catchments were selected in each
study site for intensive measurements based on comparable size, gradient, discharge, aspect, and
vegetation cover for aquatic and terrestrial monitoring. Stream instrument clusters were installed
along a relatively low-gradient reach near the outlet of each catchment where sediment scour and
deposition was likely to occur (Table 2-10). One instrumentation cluster in each site was located
in a treatment catchment subject to SPLATS, while the other was located in an undisturbed

catchment as an experimental control.

Figure 2-12: Location of monitoring stations within the Last Chance (left panel) and Sugar Pine
(right panel) study areas, Sierra Nevada Adaptive Management Project, Sierra Nevada,
California. The elevation-based map shows the fireshed catchment boundaries with a solid line
and the headwater catchments with a dashed line.

In addition to the two stream instrument clusters, two meteorological stations were
constructed in each study area. One station was located near the upper elevation of the
headwater basins and another at an elevation similar to the stream monitoring locations (Table 2-
10). Two additional clusters of instruments, at each stream and meteorological site, were located

on a south-facing slope and a north-facing slope.
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Table 2-10: Location of instrument nodes and watershed attributes measured at the Sugar Pine
and Last Chance study areas of the Sierra Nevada Adaptive Management Project, Sierra Nevada,
California.

Site Instrument node Area | Latitude | Longitude | Elevation

(miles®) | (north) (west) (ft)
Bear Trap Creek 0.68 39.1067 120.5670 5,118
Frazier Creek 0.65 39.0851 120.5689 5,266
Last Chance
Duncan Peak Met - 39.1546 | 120.5101 6,929
Bear Trap Met - 39.0945 120.5769 5,217
Speckerman Creek 0.63 37.4639 119.6051 5,640

Big Sandy Creek 0.95 37.4684 | 119.5819 5,833

Sugar Pine
Fresno Dome Met -- 37.4638 119.5362 7,139

Big Sandy Met -- 37.4684 119.5856 5,758

The Frazier Creek and Bear Trap Creek watersheds were chosen for monitoring in the
Last Chance study area. Both are located along Forest Route 44. Frazier Creek was
approximately 6 miles (9.5 km) north of Forest Route 96 (Mosquito Ridge Road), and Bear Trap
Creek is another 2.5 miles (4 km) north of Frazier Creek. The upper meteorological station at
Last Chance, Duncan Peak, was approximately 0.6 miles (1 kilometer) west of Robinson Flat
Campground along Forest Route 43. The lower meteorological station, Bear Trap, was situated
between the stream sites approximately 1.5 miles (2.5 kilometers) from Frazier Creek along
Forest Route 44. Although both Bear Trap and Frazier Creek were located in the treated fireshed,
only Bear Trap had SPLATSs implemented within the watershed. Frazier Creek was in a protected

habitat area where treatments were excluded and therefore served as the control catchment.

Big Sandy Creek and Speckerman Creek watersheds were chosen for monitoring at Sugar

Pine. From the junction between Jackson Road and CA-41, Speckerman Creek was
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approximately 3.5 miles (5.5 kilometers) east, while Big Sandy Creek was nearly 5.5 miles (9
kilometers) east. The upper meteorological station, Fresno Dome, was approximately 2 miles
(3.25 kilometers) northeast of the Fresno Dome Campground along Sky Ranch Road (Forest
Route 6S10). The lower meteorological station, Big Sandy, was located just west of the Big
Sandy Campground. Speckerman Creek served as the control catchment, with Big Sandy being
the treated catchment. Although the Big Sandy watershed was outside the Sugar Pine project,
SPLATSs were implemented there as part of the Fish Camp Project.

SNAMP study areas: social context

The forests of the Sierra Nevada from the period of Indigenous management through the
present have changed because of human actions as well as environmental change and ecological
processes. Each new wave of forest managers and forest residents works within the forest
conditions and fire environment that they have inherited. But they also shape the forest at present
and into the future, as the dynamic relationship between the people and the forests of the Sierra
Nevada is ongoing. In this section, we highlight information about the socioeconomic settings of

the study sites, using census data, archival research, and interviews with long-term residents.

Land tenure and population

Nearly 60 percent of land (11.5 million acres [~4.65 million hectares]) in the Sierra
Nevada is public land managed primarily by the Forest Service and National Park Service, and
most is spread across 11 national forests. SNAMP’s northern study area, Last Chance, on the
Tahoe National Forest, is in Placer County about 14 miles (22.5 km) from the town of Foresthill.
Foresthill (Figure 2-13) was on a broad ridge between the North and Middle Forks of
the American River. SNAMP’s southern study area, Sugar Pine, on the Sierra National Forest,
was in Madera County near the town of Oakhurst. Oakhurst is 14 miles (23 km) south of the
entrance to Yosemite National Park, in the foothills of the Sierra Nevada, on the Fresno River.
Both Oakhurst and Foresthill are unincorporated Gold Rush towns that have experienced rapid
growth in the twentieth century (Figure 2-13), though population growth has slowed and even
declined slightly since 2003. The populations concentrated in what the U.S. Census Bureau terms

the “Census Designated Places” (CDP) of unincorporated Foresthill and Oakhurst remain under
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3,000 people, but many more people live in the surrounding forests and woodlands, part of the

“wildland urban interface” of the Sierran foothills.

Figure 2-13: Increase in housing in the Sierra Nevada, 1930-1990 (adapted from Sierra Nevada
Ecosystem Project Report, Volume II, Chapter 11 (1996) and Anthony Dunn Photography).

Exurban development is the dominant characteristic of these areas: houses are
interspersed with forest in a “wildland urban interface” that is particularly challenging for fire-

fighting and that puts a lot of private property at risk from forest fire (Figures 2-14 and 2-15).
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Figure 2-14: A fire burning north of Oakhurst, California, August 18, 2014 (AP Photo/7he
Fresno Bee, Eric Paul Zamora)'.

Figure 2-15: Foresthill is nestled among the trees (Photo by Chris English, Share Alike).

! http://www.foxnews.com/us/2014/08/19/authorities-tell-1500-people-to-leave-area-central-
california-wildfire/
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According to the 2010 census, compared to the population of the entire state, Foresthill
and Oakhurst CDPs were less diverse than the state in general, although both had a higher
proportion of Native Americans (Table 2-11). Residents were less likely to have completed a
college degree or higher than the statewide average (Table 2-11). Reflecting Sierran in-
migration, about a third more of the residents of the two communities were born outside
California. Residents of these communities were more likely to use wood heat than other
residents of the state, but there were no timber mills in either town, and in 2010, employment in
timber, agriculture, fishing, hunting, mining and fisheries was virtually zero, while statewide it

was 2%.

Comparing the two communities (Table 2-11), in 2010, Foresthill had a relatively high
proportion of people in public administration, which may include those working for a natural
resources agency like the Forest Service. In contrast, Oakhurst residents were more likely to be
employed in construction and retail and in service industries in general, perhaps because of the
proximity of Yosemite National Park (Figure 2-16). Oakhurst also had a higher proportion of
residents over 62 than either Foresthill or the state (Table 2-11), and in both communities, the

median age was more than 10 years older than that for the state.

Figure 2-16: Shopping Center in Oakhurst, California (Photo by Barry White, Share Alike).

42



Table 2-11: Comparison of selected demographics of Foresthill Census Designated-Place
(CDP), Oakhurst CDP, and California in 2010 (USCB 2010).

Characteristic Foresthill CDP | Oakhurst CDP | California
USDC Census Bureau: American community survey 2010
Population size 1,483 2,829 37,253,956
Population density per square mile 125 472 239
% Native American/Alaska Native 3.8 4.6 1
% Hispanic or Latino of any race 6.5 16.7 37.6
% African American 0.9 1 7.2
% Asian or Pacific Islander 0.4 2 14.9
% over 16 unemployed 2.8 4.2 5.8
Median household income in $ 59,091 37,813 60,883
Mean household income in $ 71,715 44,299 83,483
% employed in “agriculture, forestry, 0 0 71
fishing and hunting, and mining” '
5 — - :
% employed in educatlhonal s.erV1ces’: 8.9 14.8 201
health care, and social assistance
% employed in public administration 22.3 4.4 4.6
ploy: p
% 1in retail trade 16.7 22.7 11
% 1in construction 2.7 10.9 7
% 1n any service job 13.5 28.8 17.4
% receiving food stamps 8 10 5
% with retirement income 15 27 15
5 .
lfl)l Zamlhes living below the poverty 12.7 13.7 10.2
% owner-occupied homes 65.1 56.4 55.9
Median home value in $ 330,400 266,900 458,500
% using wood heat 33 33 2
Median age 45.7 48.4 35.2
% 62+ in age 10.2 18.1 114
0 ’ :
/(') bachelor’s degree or higher as 20 15 30
highest degree
% born in different state 253 26 18.7

A Sierra Nevada Conservancy study of the overall Sierran region, including all or parts of

22 counties, reported in 2011 that the median age was 11 years older than that of California as a

whole, and growing older faster (SNC 2011). The regional population was also growing more

ethnically diverse but at a slower rate than the rest of California (Figure 2-17). The report

mentioned that population and economic growth were highly variable within the region.
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Figure 2-17: Racial and ethnic profile of the Sierra Nevada (SNC 2011).

Forest uses

Timber harvest is common in the areas surrounding the study areas, and livestock grazing
is a long-time use, but in general, timber harvest (Figure 2-18) and grazing have declined since
the 1980s in the national forests. In the Foresthill area, beargrass (Xerophyllum tenax) has a long
history of being gathered by Native Americans for cultural uses, and a prescribed fire to maintain
conditions for beargrass was conducted at Last Chance in 2011. Recreation within the SNAMP
study areas is typical of that of Sierran conifer forest, including hiking, riding, jogging, biking,
day picnics, the use of off-road vehicles, fishing, hunting, gold panning, mushroom collecting,
snow shoeing, cross country skiing and snowmobile use. The Tevis Cup horse race and the
annual Western States Endurance Run are near Last Chance, and these events have in the past
drawn attention to logging activities in the area, causing the Forest Service to pay close attention

to the scenic impacts of treatments near the race courses.
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Figure 2-18: Timber sold from National Forests nationwide (USFS 1905-2011).

Foresthill was within and completely surrounded by an area designated in 2007 by the
California Department of Forestry and Fire Protection (CalFire) as having the highest fire hazard
severity rating based on fuels, terrain, weather, and other relevant factors, while Oakhurst was
near such an area (Figure 2-19). Both study areas were within the highest fire severity rating

zone.

Figure 2-19: Fire hazard severity zones, all jurisdictions (Cal Fire 2007).
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Demographic change in the study areas

Since the 1960s, the Sierra Nevada has experienced what has been referred to as a
“second Gold Rush” (Walker and Fortmann 2003). Newcomers have been coming primarily
from other parts of California, and they have been attracted by the landscape’s amenity value—
its scenic beauty, open spaces, and rural qualities—not its potential for production. As rural
residential development has expanded to accommodate these migrants, the number of relatively
small rural residential parcels in the region has increased. As a result of the population growth
and demographic changes over the last five decades, parts of the Sierra Nevada region have
become more exurban, with both urban and rural characteristics, but unlike suburbs, not on the

edge of a major metropolitan area (Duane 2000).

The latest wave of migration to the region has already far exceeded the number of people
who moved to the Sierra Nevada during the Gold Rush. From 1970 to 1990, the population of
the Sierra Nevada increased by 130% from 273,000 in 1970 to 619,000 in 1990. Growth in the
Sierra Nevada has been occurring much more rapidly than in the state as a whole, which had a
rate of growth of 49% over the same period. The latest wave of in-migration has precipitated
social/cultural, economic, and political changes, which has resulted in tensions between long-
time residents and newer arrivals. It has also changed the social, cultural, and economic

relationships between residents and Sierran ecosystems (Duane 2000).

Population growth in areas with high fire danger increases the costs and risks to people
and property of extreme fires. The San Francisco Chronicle reported that between 1990 and
2000 the number of people living specifically in high fire danger areas in the Sierra increased by
16% (Fimrite 2007). At present, El Dorado, Nevada, and Placer counties lead the Sierra Nevada
in number of houses being built in high fire-risk areas. The cost of defending these properties is
high. Nationally, the Forest Service spends about $1.1 billion (in 2013 constant dollars) a year
protecting homes that are adjacent to national forests. As the central Sierra region is one of the
state’s fastest growing regions, it seems unlikely that the trend will soon be reversed (Fimrite

2007).
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Within the Sierra Nevada region, the Gold Country, which includes El Dorado, Nevada,
and Placer counties, has been the epicenter of exurban population growth. According to the U.S.
Census Bureau, the population of Placer County, where the Last Chance study site was located,
grew from 77,306 in 1970 to 172,796 in 1990 to 371,694 in 2014 (USCB 1995; USCB 2015).
With new residents, the economy of the Gold Country has diversified, and has come to rely on
employment outside the region. In 2010, nearly 30% of employed workers in this region
commuted to Sacramento County (USCB 2015). Although commodity extraction, recreation, and
tourism remained important industries, the primary value of the landscape now comes from

attracting residents.

The Mother Lode area, which includes Amador, Calaveras, Tuolumne, Mariposa, and
Madera counties, showed similar patterns of growth and change, although not to the same extent
as the Gold Country. According to the U.S. Census Bureau, the population of Madera County, in
which the Sugar Pine study area was primarily located, grew from 41,519 in 1970 to 88,090 in
1990 to 154,548 in 2014, with about a fourth of those employed commuting to Fresno County
(USCB 1995; USCB 2015). Mariposa County, where another part of the Sugar Pine study area
was located, grew from 6,015 in 1970 to 17,682 in 2014 (USCB 1995; USCB 2015). A strong
majority of those employed in Mariposa County worked within the County as of 2010 (USCB
2015). While many retirees have moved to the Gold Country, agricultural and other natural
resource industries remain important to local economies. Growth in the Sierra Nevada foothills
will likely continue; in 1993, the population in 2040 was projected to be 621,842 in Gold
Country and 418,900 in the Mother Lode area (Duane 2000).

Perspectives of long term residents in the study areas

As part of the SNAMP assessment, the Participation Team conducted interviews in 2009
and 2010 with four long-term local community members to better understand the local
perspective on the relationship between communities and the Forest Service, and the local
experience of forest management, in the surroundings of the SNAMP study areas. The past
experience of communities with forest management and with the Forest Service informed their

views of SNAMP, outlook on working with the Forest Service, and potential response to forest
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treatments. Our conversations with these long time local community members are summarized

here to highlight a few local perspectives that seem to have widespread resonance.

The interviewed residents had noticed increasing forest management controversy. Some
felt that timber harvest had declined because of litigation. Discussing the Last Chance study area,
one person described a particularly noteworthy conservation conflict focused on an area called
Duncan Canyon in Placer County, where the controversy over old growth became so great that
when the Forest Service brought the timber plan to the County Board of Supervisors, the Board
chose the “no logging” alternative. This had never happened before and was the result of strong
opposition to the plan by both environmentalists and hunters. In the opinion of at least one
interviewee, the controversies over “fuels reduction” projects and salvage logging were the result
of a 10-year struggle as the Forest Service moved away from a focus on timber harvest and more
toward ecosystem management and management for multiple use. Another interviewee felt that
recent new rule and policy changes created even more lawsuits, e.g., “planning regulations make

it easy to sue”.

Perceived Changes in the Forest Service Relationship with Communities

Interviewees noted that Forest Service budget reductions have had an impact on the areas
around the SNAMP study areas. For example, historically, there were five ranger districts on the
Sierra National Forest, but now there are only two. Interviewees commented that, “You get the
impression that funding isn’t great”, as the Forest Service now has to do more with fewer people,

and the facilities and roads are deteriorating.

In the opinion of interviewees, over time, local Forest Service districts have decreased
their involvement with local communities. Relationships among the Forest Service, the
cattlemen, and local communities were once strong, according to interviewees. They related that
in the years after World War 11, a Forest Service representative from the Sugar Pine area always
went to the local Board of Supervisors meetings in Mariposa, would attend parades, and
cooperated about summer camps, but currently, interviewees do not see Forest Service
representatives participating in local community events. In the Last Chance area, it was noted

that Forest Service personnel used to be part of the local population, but now the interviewee had
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the perception that very few Forest Service staff actually lived in Foresthill (the location of the
Ranger District). In the past, local Forest Service personnel were part of volunteer fire
departments and were part of the community, but this has changed. One interviewee felt that one
big difference in the relationship between the Forest Service and the local community was that
District Rangers used to have assistants to help them with the office work, which allowed the
District Rangers to get out into the forest. Now, District Rangers spend too much time in the
office and have much less assistance. As one interviewee related, “In 1966 when we first came,
if the town siren went off, the Forest Service office emptied because they were all volunteer fire
department, Lions Club, and Rotary Club members. Now, the local District Ranger doesn’t have
time to do that; he has to wear so many hats. Now people say ‘what Forest Service in
Mariposa?’” In discussing the Last Chance area, one interviewee said, “The Forest Service used
to be in the forest. . . [It] seems [like] now everyone is behind a locked door. ... Supervisors’
offices had old maps and photos; [now it’s] harder to access something, but the internet makes
some things easier.” The same interviewee also mentioned how most local people interacted with
the Forest Service through their recreational interests, such as hunting and fishing, but now he
saw younger people as less interested in the woods and wildlife so possibly Forest Service

personnel have lost that connection to the local community as well.

Population and exurban growth

Interviewees had observed the shifts in local populations over time. They gave examples
of how the influx of people into the vicinity of the study areas has affected local life. As several
interviewees described, the make-up of Mariposa’s population began to change in the 1980s.
Previously, the community had been mostly “loggers,” but after that time, there were more “city
people.” As one person described, in the 1970s, “when this area was smaller, I used to see
friends at the grocery store...[now]... the new people from LA, they .... don’t interact with the

rest of the community.”

As Walker and Fortmann (2003) observed in Nevada County, many communities find
themselves in an uneasy place because long-time residents and newcomers often have very
different ways of valuing the landscape. Long-time residents will more likely have economic and

cultural ties to natural resource-based production, while new migrants will typically value the
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landscape for its aesthetics and earn their livings in ways unconnected to resource extraction. By
the early 1990s, these economic and cultural changes had worked their way into local politics as
exurban migrants started to fill elected positions within county governments (Walker and
Fortmann 2003). Interviewees also cited changes in the local officials as evidence of the
population shifts that have taken place. For instance, as long ago as 1982, an incumbent sheriff

lost to a newcomer from Los Angeles.

Wildfires and burning from a local perspective

Interviewees had experienced numerous fires and believed fires were getting worse. A
fire near Last Chance burned an interviewee’s family ranch and killed their animals. Some
interviewees had experienced the challenges of attempting to restore fire as a management tool
on the national forests. When one interviewee arrived in the Sugar Pine area in 1966 as a Forest
Service employee, there had not been a controlled burn for a very long time. He went to the
Cattlemen’s Association to learn about controlled burning because the Association conducted
burns on big ranches. In addition, he ordered 30 controlled burn documents and assigned one to
each person on his team; they spent the whole winter studying. He conducted burns on the
National Forest. “We’d take fire crews and use the guise of training” to do the brush control. He
told of doing burns with the cowboys on the Sierra National Forest. In the early 1970s, the
California Department of Forestry and Fire Protection (CalFire) attempted to re-burn the Harlow
fire area. An interviewee talked about how they were able to get permission from the local
cattlemen, but all the other ownerships in that area had become so splintered over time that they
had to go house to house to get permissions. In the end, they were not able to convince all
landowners and so the attempt failed. Even on the national forests, an interviewee who used to
work for the Forest Service believed that only a portion of the amount of planned burning occurs

each year due to air quality restrictions.

Interviewees noted that changes in both timber practices and prescribed burning had led
to an increase in brushy material on the national forests. According to our interviewees, there
was a noticeable difference between Forest Service land and Yosemite National Park where
more burning had occurred. To our interviewees, the Forest Service land was so full of “dead

branches, you can hardly walk through it”. One interviewee related that in the 1970’s, there
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were rancher complaints that the brush was so thick it was more and more difficult to find and

manage the cattle.

One interviewee reported not want to cut a single tree when the interviewee moved to the
Sugar Pine area but after a few years came to see the hazard and changed views. A Last Chance
area interviewee observed the same pattern: he surmised that recent immigrants to the area
wanted to protect all the vegetation while long-time residents were more aware of the fire hazard
and more likely to want to open up the landscape and reduce fire hazard. However, another
observed that possibly residents of larger towns like Oakhurst do not see the threat and therefore
do not change their views. “As the population of Oakhurst increases, I think it is becoming more
important that Forest Service get more involved with people because the chance of fire is so
much higher now. So much more traffic into Yosemite, the more people, the threat is higher.” It
was also acknowledged that it was now harder to restore fire because of the massive amount of
human encroachment into the forests, as one interview put it, “this is the fundamental dilemma in

the Sierra.”

Climate change and past management practices combined with a landscape dependent on
fire have created a big challenge for forest management in the mountains of the Sierra Nevada
(Figure 2-20). At the same time, natural resources agencies are learning how to interact with the
public and are shifting to more open and transparent management. The Sierra Nevada’s
population and its land uses are also shifting, making the agency-public relationship more
complicated and requiring the agencies to work even harder to reach out to those around them
who may not have a history with forest lands and management. SNAMP was created to address
both these situations by studying the impacts of forest fuels treatment projects and modeling a

process that included the public in the scientific discovery.
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Figure 2-20: Homesteader’s cabin near Foresthill (Photo by Chris English, Share Alike).
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Chapter 3. EXTENDED ABSTRACTS FOR INTEGRATION

Introduction

This chapter compiles from each team extended abstracts of their work for the SNAMP
integrated assessment presented in the following two chapters. This chapter’s purpose is to
provide the background information upon which the integrated assessment and integrated
management recommendations (chapters 4 and 5, respectively) were built. Each team’s
extended abstract includes an overview of the team’s methodology, a summary of their results
most relevant to the integrated assessment and management recommendations, and a description

of their primary integration metrics.

General methodological approach

The SNAMP scientific assessment strategy was to use a Before-After Control-Impact
(BACI) study design. As noted in Chapter 1, evidence for the effects of management activities,
such as forest fuel treatments, is likely to be confounded by concurrent ecological and
environmental changes; this confounding must be limited by the experimental design. A BACI
study design helps to control for potential confounding factors and to isolate the ecosystem
impacts related to forest management. The BACI design compensated for SNAMP’s limited
replication (only 2 sites) and for the non-random assignment of treatments by providing robust

longitudinal controls (Stewart-Oaten et al. 1986).

BACI design defines two treatments, a control and an impact. As Stewart-Oaten and
Bence (2001) described, the control site in a BACI design is not a true control but rather a
measure of the existing natural variation in the ecosystem. The “before” measurements are
crucial in that they provide a means to quantify the differences in ecosystem function between
the control and impact sites that are not related to the management impact because these
measurements occur before the imposition of any treatment. The “after” measurements serve to
estimate the effect of the management treatment at the impact site based on the divergence

between the control and impact sites.
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Each of the two SNAMP study sites was subdivided into two firesheds. One fireshed
received Strategically Placed Landscape Area Treatments (SPLATs) and was defined as the
impact site (see Chapter 2 for details). The second fireshed served as the control. We defined the
control as a comparable fireshed in terms of forest type, size, management history, fire history,
and terrain features; the paired firesheds were also in close spatial proximity. In terms of
management, permitted use in the control fireshed continued, but there was no major

management intervention during the course of the study.

As noted in previous chapters, delays in SPLAT implementation at both study sites and
the post-treatment timeline reduction limited the full deployment of a BACI design for SNAMP.
The UC Science Team workplan originally envisioned 3-4 years of post-treatment assessment;
the truncated timeline reduced this to 1-2 years of post-treatment assessment. The UC Science
Team adapted to these study design constraints differently for each response variable, depending
on the characteristics and situation relevant to the variable, as detailed below and in the

individual team chapters (Appendices A-F).

Extended abstract for Fire

Introduction

The regional assessment of fire hazard and fuel loads in the 2004 Sierra Nevada Forest
Plan Amendment identified modifying wildland fire behavior as a management priority (USFS
2004). The management direction outlined was to apply strategic fuel management at the
landscape level. The defining characteristic of coordinated fuel reduction treatments (hereafter
SPLATS) is that each treatment is part of a strategic pattern which slows and moderates a
wildfire across the landscape. However, there are only a few spatially relevant, fully
implemented landscape treatment projects in mixed conifer forests in the Sierra Nevada from
which to evaluate and guide management decisions (Stephens et al. 2014). Our objectives were
to evaluate the effects of SPLATSs on landscape-level simulated wildland fire behavior, wildfire

effects on forest structure, and projected forest dynamics. We analyzed fire behavior outputs and
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forest conditions under four scenarios: 1) with SPLATSs and with fire; 2) without SPLATSs and
with fire; 3) with SPLATSs and without fire; and 4) without SPLATSs and without fire.

Methods

Using information from pre- and post-treatment forest inventory plot measurements, US
Forest Service GIS treatment polygons, and the Lidar change detection maps we identified five
distinct treatment types based on changes to forest structure and surface fuels (Table 3-1). These
treatments alter forest conditions by removing and/or modifying surface, ladder, and crown fuels,

thereby reducing the potential for extreme fire behavior.

Table 3-1: Cumulative acreage treated, in acres (percent of total area), by type for the treatment
watersheds in both Sierra Nevada Adaptive Management Project study areas, Sierra Nevada,
California.

Type Last Chance Sugar Pine
Mastication 348 (3.1) 217 (3.5)
Thinning 915 (8.3) 1298 (20.7)
Cable Logging 193 (1.7) -
Thinning and Mastication - 328 (5.2)
Prescribed Fire 577 (5.2) -
Total 2033 (18.4) 1843 (29.3)

Our analytic approach was to simulate forest vegetation/fire interactions for all four
scenarios, several decades into the future (Figure 3-1). This would permit an integrated product
that the other SNAMP teams could use to evaluate the effectiveness of SPLATS on fire behavior
and forest growth on their resource specific objectives. We used the ArcFuels platform to model:
1) forest stand dynamics with the Forest Vegetation Simulator (FVS), and 2) fire behavior with
FARSITE and FlamMap. Fire behavior modeling was conducted assuming severe fire weather
conditions (i.e., dry fuel moistures and moderate to high wind speeds), as these are the conditions

associated with most large wildfires in the Sierra Nevada.

We developed topographic, fuels, and forest structure landscape map layers as required
by the modeling programs using the SNAMP vegetation polygon map as the base layer for all

pre- and post-treatment scenarios (Figure 3-1). We produced landscape flame length and fire
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type (i.e., surface fire, conditional crown fire, or active crown fire) maps at a 30-m resolution for
each fire scenario. These were summarized to compare difference in fire behavior outputs at
treatment and fireshed scales. To evaluate treatment and fire impacts on forest structure, we
“grew” each stand for 30 years using forest growth simulations in FVS. Stand average flame
lengths, based on FARSITE output, were used to simulate changes to forest structure through the
Fire and Fuels Extension in FVS. Comparing current conditions and projected forest growth for

all four scenarios allow for a full comparison of the impacts of SPLATs.

Results

Forest thinning was the most common treatment, followed by prescribed fire (Last
Chance only) and mastication (Table 3-1). Generally, changes in forest structure varied with
treatment type, primarily reducing surface and ladder fuels. For example, while prescribed fire
reduced fine fuels there were only minimal changes in forest structure (e.g., 5% to 16% decrease
in tree basal area and density, respectively), as opposed to mastication which augmented surface
fuels, reduced shrub cover by an average of 39-47%, and modified basal area (ranging from 15%
to -15%) and tree density (ranging from 21% to -70%) (Figure 3-2). The largest change was in
thinning (Last Chance) and thinning followed by mastication (Sugar Pine only) units, with 41-

57% reduction in basal area and 32-64% reduction in tree density.

To estimate potential offsite effects from treatments, we extracted FARSITE output pixel
values within a 1,640 ft (500 m) buffer area outside treatment boundaries. Most treatments
reduced both flame lengths (Figure 3-3) and fire type within the treated area as well as within the
buffer area (Figure 3-4). Cable logging at Last Chance left activity fuels on site, which resulted
in a slash-blowdown fuel model being assigned and consequently higher post-treatment flame
lengths and crowning. Generally, there was a decrease in fire behavior from pre- to post-

treatment conditions at the fireshed level (Table 3-2).

Overall conditional burn probability (CBP, for flame lengths greater than 6.6 ft [2 m])
was higher at Last Chance (Figure 3-5) compared to Sugar Pine (Figure 3-6) for the treatment
fireshed. This is due, in part, to differences in forest structure; generally, Sugar Pine has higher

basal area, lower density (Figure 3-2), and higher estimated canopy base heights. The effect of
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SPLATSs on CBP is evident at Year 0 (no fire scenario, blue bars in Figures 3-5 and 3-6), a 28%
and 34% decrease at Last Chance and Sugar Pine, respectively. This difference wanes over time
to only 2-4% by Year 30. Following essentially a zero CBP for either scenario immediately
following simulated fire (red bars in Year 10), by Year 20 the recovery in CBP towards initial
values (blue bars in Year 0) for the treatment scenario (light red bar) reached 67% at Last
Chance and 96% at Sugar Pine. For the no treatment scenarios at Year 20 (stripe red bar) the

recovery was slower, reaching 44% and 72% at Last Chance and Sugar Pine, respectively.

Table 3-2: Changes in fireshed-level fire behavior at both Sierra Nevada Adaptive Management
Project study areas, Sierra Nevada, California. CBP, conditional burn probability for flame
lengths > 6.6 ft (2 m).

Control Fireshed Treatment Fireshed
Last Chance Pre Post A Pre Post A
Fraction of fireshed with
flame lengths > 6.6 ft (2 m) 28.3 24.1 -4.2 32.9 22.5 -10.4
Fraction of fireshed
with CBP > 0.1 54.3 40.5 -13.8 59.3 40 -19.3
Sugar Pine Pre Post A Pre Post A
Fraction of fireshed with
flame lengths > 6.6 ft (2 m) 25 28.7 +3.7 29.3 25.3 -4
Fraction of fireshed
with CBP > 0.1 67.3 54.3 -13 29 12.3 -16.7

Discussion

Several studies have simulated the effects of SPLATSs on fire behavior in fire-frequent
conifer forests. Here, we use a fully implemented treatment project, with a detailed inventory
plot network, incorporating simulated wildfire effects to model fire behavior and forest growth.
This and other empirical studies have demonstrated that SPLAT networks will reduce the risk
and effects of uncharacteristically severe fire. This is consistent with SPLAT theory in that fire
behavior is reduced not only in treated areas but also across the landscape, particularly on the
leeside of treatments. Fuel treatments that targeted both ladder and surface fuels (e.g., thinning
and prescribed fire at Last Chance, thinning followed by mastication at Sugar Pine) were the

most effective at reducing simulated fire behavior.
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Last Chance has an overall higher fire risk compared to Sugar Pine as indicated by the
higher fireshed-level CBP, which is attributed to differences in forest structure--Sugar Pine has
lower tree density and higher basal area and canopy base height-- and management history.
Based on our simulations, fuel treatment scale and intensity should have the capacity to modify
landscape fire behavior at both sites for two to three decades. Although we do not model it,
maintenance treatments that would reduce surface fuels, namely prescribed fire, would probably
extend treatment longevity across both landscapes. This is especially true considering most of the
treatments focused on reducing ladder fuels, resulting in augmented surface fuels or a negligible

change compared to pretreatment fuel conditions.

Figure 3-1: Flowchart of fire behavior and forest dynamics modeling used by the FFEH Team.
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Figure 3-2: Changes in forest structure by treatment type at both Sierra Nevada Adaptive
Management Project study areas, Sierra Nevada, California. Results based on pre- and post-
treatment forest inventory plot measurements. Tree density and basal area are for trees with
diameters > 2 in. CONT, control; MAST, mastication; THIN, thinning; C-THIN, cable logging;
THIN/MAST, thinning followed by mastication; BURN, prescribed fire. *Only two plots were
located in cable logging units and these had to be relocated for post-treatment measurements,
prohibiting direct comparisons to pre-treatment measurements.
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Figure 3-3: Simulated flame lengths for forest conditions pre-(left) and post-(right)
implementation of SPLATS at both Sierra Nevada Adaptive Management Project study areas,
Sierra Nevada, California. Results based on FARSITE fire growth simulations. Models were
parameterized with plot-level tree lists and scaled to stand polygons using vegetation map. The
simulated wildfire occurs immediately after pre- and post-treatment plot measurements. Thin,
thinning; Mast, mastication; Thin+Mast, thinning followed by mastication; Cable, cable logging;
Burn, prescribed fire.
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Figure 3-4: Changes in average flame length and proportion of the stand crowning by treatment
type at Last Chance (top) and Sugar Pine (bottom) study areas, Sierra Nevada, California.
Results based on comparisons of FARSITE pre- and post-treatment fire growth simulations.
Cont, control; Mast, mastication; Thin, thinning; C-Thin, cable logging; Thin/Mast, thinning
followed by mastication; Burn, prescribed fire.
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Figure 3-5: Changes in conditional burn probability by treatment and time at Last Chance study
area, Sierra Nevada, California. Results based on fire and forest growth simulations. Models
were parameterized with plot-level tree lists and scaled to the fireshed using lidar and other
spatial data. The simulated fire occurs immediately after Year 0 is measured. Results for the
treated fireshed only.
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Figure 3-6: Changes in conditional burn probability by treatment and time at Sugar Pine study
area, Sierra Nevada, California. Results based on fire and forest growth simulations. Models
were parameterized with plot-level tree lists and scaled to the fireshed using lidar and other
spatial data. The simulated fire occurs immediately after Year 0 is measured. Results for the
treated fireshed only.

Extended abstract for Forest Ecosystem Health

Introduction

The 2004 Sierra Nevada Forest Plan Amendment (USFS 2004) included along with a
strategy to modify wildland fire behavior the specific objective of improving tree vigor and
overall forest health by reducing stand density. This concern over the health of the Sierran
forests expressed by the federal land managers was shared by the state (FRAP 2003) as was the
cause, namely increased competition in the more crowded stands. More recent evidence has

linked rising tree morbidity and mortality in Sierran forests with worsening climatic water
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deficits (van Mantgem and Stephenson 2007), continued exposure to chronic air pollution (Panek

et al. 2013), and greater susceptibility to beetle kill (Hicke et al. 2013).

In this context, forest health is narrowly defined in terms of tree demography,
specifically the growth and mortality of canopy-sized individuals. While this definition
recognizes the role of trees as the foundational organism in forest ecosystems (Ellison et al.
2005), it does not encompass the term’s broad normative usage in a forest management context
(Sulak and Huntsinger 2012). However forest health in all its complexity is difficult to quantify,
but we can measure the performance of trees. Therefore our fundamental premise is that

“healthy” trees are a necessary but not sufficient component of a “healthy” forest.

Of the suspected contributors to tree decline in the Sierra Nevada, tree density may be the
most important factor that forest managers can affect, although species composition and tree
arrangement are readily managed. In fact, a presumed co-benefit of fuel reduction strategies
designed to modify fire behavior is the attendant reduction in competition associated with
canopy thinning. The contention is that coordinating these treatments across the landscape not
only would reduce the probability of high severity fire but also materially improve the health of
the trees. Typically tree health is defined in terms of growth with a healthier tree expected to
grow faster. The question we ask in regard to forest health is:

Do SPLATS improve the growth of trees at the scale of the fireshed?

Methods

Collectively we explored four scenarios: no fire and no SPLATS; fire and no SPLATS; no
fire and SPLATS; fire and SPLATS. Initial parameters were defined using our field data with
models extended for 30 years. In the fire scenarios, one explicit “severe” wildfire is modeled
immediately after the field measurements (time = 0.1 yr). As noted above, we relied on tree
growth metrics to measure health. For the fire scenario, we used the rate of return to pre-fire
basal area to quantify forest health differences between treatment and no-treatment. However
growth rate by itself is not ideal measure in the no-fire scenario because of its mutual
dependence on individual traits (e.g., tree size, tree age) and community characteristics (e.g., tree

density, soil fertility, moisture regime). Waring (1997) argued that a good index of forest health
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is the efficiency with which a stands grows. We defined this growth efficiency as the increment
in stand basal area produced per unit leaf area. For all scenarios, we calculated fireshed-level
changes in basal area and leaf area index. We used separate measures of forest health for the two
fire scenarios: fractional basal area following fire and growth efficiency in the no-fire scenarios.
Since the basal area response is on a relative scale, we express growth efficiency relative the

maximum efficiency observed for the no-fire scenario.

Results

Based on stand-level classifications, 18.4% of the landscape was included in the SPLATS
treatment at Last Chance. The most common treatment was canopy thinning (8% by area) which
involved the removal of canopy trees as well as understory “ladder” fuels. Cable logging (1.79%
by area) also removed canopy-sized trees. Thus in aggregate the treatments reduced tree density
in approximately 12% of the fireshed. Mastication (3.1% by area) and prescribed burning (5.7%
by area) accounted for the remaining treatment types. Both are more focused on modifying

ground fuels and ladder trees than reducing canopy-tree density.

The implementation of SPLATSs at Last Chance reduced tree basal area by 4.0% (Figure
3-7) and leaf area index by 8.8% (Figure 3-8). In the absence of simulated wildfire, these
differences gradually increased through time. In contrast, the net loss of basal area and leaf area
under the treated scenario was less when the fireshed was burned by wildfire (Figure 3-7, Figure
3-8). Thus the 4% decrease in basal area due to SPLATSs reduced overall losses due to fire from
52% (no SPLATS) to only 34% (with SPLATSs). Again these differences were maintained for the
next 30 years (Figure 3-9). In absence of fire, there were small but consistent increases in growth
efficiency associated with the SPLATSs treatment (Figure 3-9). The gains in efficiency increased

with time.

Based on stand-level classifications, 29.3% of the landscape was included in the SPLATSs
treatment at Sugar Pine. Most of the treatment involved thinning with or without mastication
(25.8% by area). In aggregate, the treatments reduced tree density by 20% on the treated
fireshed.
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The implementation of SPLATS at Sugar Pine reduced tree basal area by 9.7% (Figure 3-
10) and leaf area index by 6.9% (Figure 3-11). In the absence of fire, the treatment effects
dissipated with time. By Year 30, treatment basal area was only 3.6% less than no treatment
(Figure 3-10) and leaf area index was only 1.8% less (Figure 3-11). Again, more basal area was
retained in the treated fireshed (66%) after simulated fire than in the untreated fireshed (59%).
These differences continued to Year 30 (Figure 3-12). In the absence of fire, the treatment led to
large gains in growth efficiency. For example, in Year 10, stands in the treated fireshed were

adding more than twice the growth per unit of leaf area than the untreated stands (Figure 3-12).

Discussion

For both Last Chance and Sugar Pine, there were discernible gains in growth efficiency
associated with SPLATS. In other words, leaves on trees in the treated fireshed fixed more
carbon per capita than leaves in the untreated fireshed. Reductions in leaf efficiency are
typically associated with resource scarcity (e.g., light, water, and/or nutrients) or stress
(pest/pathogen attack; pollution). Thus higher efficiency implies greater access to resources
and/or lower exposure to stress. Both situations support the contention of improved tree health

and by extension forest health.
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Figure 3-7: Changes in tree basal area by treatment and time at Last Chance study area, Sierra
Nevada, California. Results based on fire and forest growth simulations. Models were
parameterized with plot-level tree lists and scaled to the fireshed using remote sensing. The
simulated fire burns immediately after Year 0 is measured. Results for the treated fireshed only.
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Figure 3-8: Changes in leaf area index by treatment and time at Last Chance study area, Sierra
Nevada, California. Results based on fire and forest growth simulations. Models were
parameterized with plot-level tree lists and scaled to the fireshed using remote sensing. The
simulated fire burns immediately after Year 0 is measured. Results for the treated fireshed only.

70



Figure 3-9: Trends in measures of forest health by treatment scenario at Last Chance study area,
Sierra Nevada, California. For the fire scenarios, forest health is expressed as the fraction of the
Year 0 basal area that is retained. For the no fire scenarios, forest health is expressed as the
relative growth efficiency. Results based on fire and forest growth simulations. Models were
parameterized with plot-level tree lists and scaled to the fireshed using remote sensing. Estimates
based on changes that occurred during the interval. The simulated fire burns immediately after
Year 0 is measured. Results for the treated fireshed only.
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Figure 3-10: Changes in tree basal area by treatment and time at Sugar Pine study area, Sierra
Nevada, California. Results based on fire and forest growth simulations. Models were
parameterized with plot-level tree lists and scaled to the fireshed using remote sensing. The
simulated fire burns immediately after Year 0 is measured. Results for the treated fireshed only.
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Figure 3-11: Changes in leaf area index by treatment and time at Sugar Pine study area, Sierra
Nevada, California. Results based on fire and forest growth simulations. Models were
parameterized with plot-level tree lists and scaled to the fireshed using remote sensing. The
simulated fire burns immediately after Year 0 is measured. Results for the treated fireshed only.
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Figure 3-12: Trends in measures of forest health by treatment scenario at Sugar Pine study area,
Sierra Nevada, California. For the fire scenarios, forest health is expressed as the fraction of the
Year 0 basal area that is retained. For the no fire scenarios, forest health is expressed as the
relative growth efficiency. Results based on fire and forest growth simulations. Models were
parameterized with plot-level tree lists and scaled to the fireshed using remote sensing. Estimates
based on changes that occurred during the interval. The simulated fire burns immediately after
Year 0 is measured. Results for the treated fireshed only.

Extended abstract for Spatial Analysis

Introduction

The SNAMP Spatial Team was formed to provide support for the other SNAMP science
teams through spatial data acquisition and analysis. The objectives of the SNAMP Spatial Team
were: (1) to provide base spatial data; (2) to create quality and accurate mapped products of use
to other SNAMP science teams; (3) to explore and develop novel algorithms and methods for
Lidar data analysis; and (4) to contribute to science and technology outreach around mapping

and Lidar analysis for SNAMP participants. The SNAMP Spatial Team has focused on the use of
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Lidar — Light Detection and Ranging, an active remote sensing technology that has the ability to

map forest structure.

Lidar data were collected for Sugar Pine (45.2 miles? [117 kmz]) in September 2007 (pre-
treatment), and Nov 2012 (post-treatment); and for Last Chance (41.3 miles” [107 km?’]) on
September 2008 (pre-treatment) and November 2012 and August 2013 (post-treatment). Field
data were collected at each site according to an augmented protocol based on the FFEH plot
method. From the Lidar data, field data, and aerial imagery (for some of the products), a range of
map products were created, including: canopy height model, digital surface model and digital
terrain model; topographic products (digital elevation model, slope, aspect); forest structure
products (mean height, max height, diameter at breast height (DBH), height to Live canopy base
(HTLCB), canopy cover, leaf area index (LAI), and map of individual trees); fire behavior
modeling products (max canopy height, mean canopy height, canopy cover, canopy base height,
canopy bulk density, basal area, shrub cover, shrub height, combined fuel loads, and fuel bed

depth), as well as a map of individual trees, and a detailed vegetation map of each site.

Lidar data have been used successfully in the SNAMP project in a number of ways: to
capture forest structure; to map individual trees in forests and critical wildlife habitat
characteristics; to predict forest volume and biomass; to develop inputs for forest fire behavior
modeling, and to map forest topography. The SNAMP Spatial Team also explored several
avenues of scientific investigation with Lidar data that resulted in eleven peer-reviewed

publications, listed in Appendix G. Our findings have been significant over a range of areas.

Technical developments from the SNAMP Spatial Team

In a comprehensive evaluation of interpolation methods, we found simple interpolation
models are more efficient and faster in creating DEMs from Lidar data, but more complex
interpolation models are more accurate, and slower (Guo et al. 2010 SNAMP Publication #4).
The Lidar point cloud (as distinct from the canopy height model) can be mined to identify and
map key ecological components of the forest. For example, we mapped individual trees with
high accuracy in complex forests (Li et al. 2012 SNAMP Publication #6 and Jakubowski et al.
2013c SNAMP Publication #24), and downed logs on the forest floor (Blanchard et al. 2011
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SNAMP Publication #7). We investigated the critical tradeoffs between Lidar density and
accuracy and found that low-density Lidar data may be capable of estimating plot-level forest
structure metrics reliably in some situations, but canopy cover, tree density and shrub cover were

more sensitive to changes in pulse density (Jakubowski et al. 2013b SNAMP Publication #18).

Lidar data used to map wildlife habitat

Lidar can be used to map elements of the forest that are critical for wildlife species. We
used our data to map large residual trees and canopy cover — two key elements of forests used by
California spotted owl (Strix occidentalis occidentalis) for nesting habitat (Garcia-Feced et al.
2012 SNAMP Publication #5). Lidar also proved useful for characterizing the forest habitat
conditions surrounding trees and snags used by the Pacific fisher (Pekania pennanti) for denning
activity. Large trees and snags used by fishers as denning structures were associated with
forested areas with relatively high canopy cover, large trees, and high levels of vertical structural
diversity. Den structures were also located on steeper slopes, potentially associated with

drainages with streams or access to water (Zhao, et al. 2012 SNAMP Publication #16).

Lidar products used in fire behavior modeling

Forest fire behavior models need a variety of spatial data layers to accurately predict
forest fire behavior, including elevation, slope, aspect, canopy height, canopy cover, crown base
height, crown bulk density, as well as a layer describing the types of fuel found in the forest
(called the “fuel model”). These spatial data layers are not often developed using Lidar (light
detection and ranging) data for this purpose (fire ecologists typically use field-sampled data), and
so we explored the use of Lidar data to describe each of the forest-related variables. We found
that stand structure metrics (canopy height, canopy cover, shrub cover, etc.) can be mapped with
Lidar data, although the accuracy of the product decreases with canopy penetration. General fuel
types, important for fire behavior modeling, were predicted well with Lidar, but specific fuel

types were not predicted well with Lidar (Jakubowski et al. 2013a SNAMP Publication #13).

Use of Lidar for biomass estimation
Accurate estimation of forest AGB has become increasingly important for a wide range

of end-users. Lidar data can be used to map biomass in forests. However, the availability of, and
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uncertainty in, allometric equations used to estimate tree volume influences the accuracy with
which Lidar data can predict biomass volume (Zhao et al. 2012a SNAMP Publication #14).
Many Lidar metrics, including those derived from individual tree mapping are useful in
estimating biomass volume. We found that biomass can be accurately estimated with regression
equations that include tree crown volume and that include an explicit understanding of the
overlapping nature of tree crowns (Tao et al. 2014 SNAMP Publication #29). Satellite remote
sensing has provided abundant observations to monitor forest coverage. Validation of coarse-
resolution above ground biomass derived from satellite observations is difficult because of the
scale mismatch between the footprints of satellite observations and field measurements. Lidar
data when fused with course scale, fine temporal resolution imagery such as MODIS, can be
used to estimate regional scale above ground forest biomass (Li et al. 2015 SNAMP Publication

#37).

Management implications

Our work has several management implications. Lidar will continue to play an
increasingly important role for forest managers interested in mapping forests at fine detail.
Understanding the structure of forests — tree density, volume and height characteristics - is
critical for management, fire prediction, biomass estimation, and wildlife assessment. Optical
remote sensors such as Landsat, despite their synoptic and timely views, do not provide
sufficiently detailed depictions of forest structure for all forest management needs. We provide

management implications in four areas:

1. Lidar maps and products:

e Lidar data can produce a range of mapped product that in many cases more accurately
map forest height, structure and species than optical imagery alone.

e Lidar software packages are not yet as easy to use as the typical desktop GIS software.

e There are known limitations with the use of discrete Lidar for forest mapping - in
particular, smaller trees and understory are difficult to map reliably.

e Discrete Lidar can be used to map the extent of forest fuel treatments; treatment methods
cannot be detected using discrete Lidar, but waveform Lidar might be alternative choice

to map understory change.
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2. Wildlife:

e Lidar is an effective tool for mapping important forest habitat variables — such as
individual trees, tree sizes, and canopy cover - for sensitive species.

e Lidar will increasingly be used by wildlife managers, but there remain numerous
technical and software barriers to widespread adoption. Efforts are still needed to link
Lidar data, metrics and products to measures more commonly used by managers such as

CWHR habitat classes.

3. Fire behavior modeling:
e Lidar data are not yet operationally included into common fire behavior models, and
more work should be done to understand error and uncertainty produced by Lidar

analysis.

4. Forest management:

e There is a trade-off between detail, coverage and cost with Lidar. The accurate
identification and quantification of individual trees from discrete Lidar pulses typically
requires high-density data. Standard plot-level metrics such as tree height, canopy cover,
and some fuel measures can reliably be derived from less dense Lidar data.

e Standard Lidar products do not yet operationally meet the requirements of forest
managers who need detailed measures of forest structure that include understanding of
forest heterogeneity, and understanding of forest change. More work is needed to
translate between the remote sensing community and the forest management community
to ensure that Lidar products are useful to and used by forest managers.

e The fusion of hyperspectral imagery with Lidar data may be very useful to create detailed

and accurate forest species maps.

The future of Lidar for forest applications will depend on a number of considerations.
These include: 1) costs, which have been declining; 2) new developments to address limitations
with discrete Lidar, such as the use of waveform data; 3) new analytical methods and more easy-

to-use software to deal with increasing data sizes, particularly with regard to Lidar and optical
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imagery fusion; and 4) the ability to train forest managers and scientists in Lidar data workflow

and appropriate software.

Extended abstract for California spotted owl

Introduction

The U.S. Forest Service (USFS) identified conservation of the California spotted owl
(Strix occidentalis occidentalis) as a primary management objective in its 2004 Sierra Nevada
Forest Plan Amendment, also known as the 2004 Sierra Nevada Framework (USFS 2004).
Within the 2004 Framework, the USFS proposed SPLATS as a strategy for modifying wildland
fire behavior and reducing the future risk of spotted owl habitat loss, while acknowledging that
SPLATS could have negative, short-term effects on owl habitat. The agency further
acknowledged that considerable uncertainty exists about the short- and long-term effects of
SPLATS on spotted owls (and other old-forest species), and this uncertainty was one reason that
the 2004 Framework proposed the use of an adaptive management approach. Therefore, we
assessed the short- and long-term effects of SPLATS on spotted owl demography and habitat.
We note, however, that SPLAT effects were confounded with other types of forest disturbance in

our short-term analysis (see below).

Methods

To assess the short-term effects of SPLATS on spotted owls, we performed a
retrospective analysis using 20 years of demographic data collected at 74 spotted owl territories
that included the Last Chance Study Area (LCSA) and the nearby Eldorado Study Area (ESA).
This approach deviated from our original plan to directly estimate the effects of SPLATSs on
spotted owls at Last Chance using a Before-After Control-Impact experimental design, similar to
the approach used by some other SNAMP science teams. The revised approach was necessary
because there were too few owls present on the LCSA. As a result, we needed to expand, both
spatially and temporally, the retrospective analysis to achieve sufficient power to detect changes
in owl demographic parameters (Popescu et al. 2012). The drawback to our revised approach

was that we could no longer specifically estimate the effects of SPLATSs on owls because many

79



different types of timber harvest, as well as wildfire and forest succession, occurred within owl
territories during our study period (1993-2012). Thus, we examined the effects of broader
categories of forest change (light-, medium-, and high-intensity harvest, wildfire) on owls. The
medium-intensity-harvest category contained SPLATSs and other USFS treatments conducted

prior to the adoption of SPLATS, as well as some harvests on private timberlands.

To assess the long-term effects of SPLATSs on spotted owls, we used the fire-modeling
and forest-growth results provided by the FFEH Team to perform a prospective analysis (30
years into the future) of the effects of SPLATSs and wildfire on spotted owl habitat and
demography within the LCSA only. This analysis represented our integration effort with the
work conducted by the FFEH and Spatial teams, and we explored the same four scenarios as the
other teams (no fire and no SPLATS; fire and no SPLATS; no fire and SPLATS; fire and
SPLATSs). To compare spotted owl habitat under the different scenarios for the entire LCSA, we
developed a logistic regression equation that predicted the suitability of forest stands as owl
nesting habitat using canopy-cover and large-tree measurements at nest stands and random
locations on the ESA (Bond et al. 2004). To compare fitness (defined as population growth rate
[A]) and equilibrium occupancy (ygq) within the four owl territories on the LCSA, we used the
modeled relationships from our 20-year retrospective analysis between the amount of high-
canopy-cover forest (>70% canopy cover, dominated by trees >12” [30.5 cm] diameter at breast

height) within a territory and owl demographic rates (except for reproduction).

Results

In the retrospective analysis (i.e., short-term effects), correlations existed between owl
demographic rates and several habitat variables, but life-stage simulation (sensitivity) analyses
indicated that the amount of high-canopy-cover forest was the primary driver of population
growth and equilibrium occupancy at the territory scale (Tempel et al. 2014a). Adult survival
and territory colonization were relatively high, while territory extinction was relatively low, in
territories that had greater amounts of high-canopy-cover forest. Reproductive success was
negatively associated with the area of medium-intensity timber harvests within a territory, but

was not strongly correlated with the amount of high-canopy-cover forest. In addition, our results
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suggested that the amount of edge between older forests and shrub/sapling vegetation may result

in higher adult survival.

In the prospective analysis (i.e., long-term effects), we projected that SPLATSs had a
persistent, slightly negative effect on owl habitat and demographic rates for up to 30 years if
simulated fire did not occur. After 30 years and no fire, the average habitat suitability (treated =
0.36; untreated = 0.37), mean A (treated = 0. 850 £ 0. 008; untreated = 0.856 + 0.005), and mean
Viq (treated = 0.883 + 0.037; untreated = 0.911 + 0.023) were all greater under the “no
treatment” scenario. In contrast, SPLATS had a persistent, positive effect throughout the 30-year
period if simulated fire occurred. Thirty years after the simulated fires, the average habitat
suitability (treated = 0.20; untreated = 0.17), mean A (treated = 0.796 + 0.009; untreated = 0.776
+ 0.008), and mean ygq (treated = 0.577 £ 0.053; untreated = 0.468 + 0.042) were all greater
under the treatment scenario. Although these differences appear modest, we note that small

reductions in A can translate into large population declines over longer time periods.

Discussion

In our retrospective analysis, we found that the amount of high-canopy-cover (=70%)
forest was the covariate most strongly correlated with spotted owl population growth rate and
territory occupancy. Furthermore, more than 90% of medium-intensity harvests that occurred in
high-canopy-cover forests reduced canopy cover to <70%, suggesting that SPLATSs in such
stands could have short-term, negative impacts on California spotted owl populations. High-
canopy-cover forests declined by an average of 7.4% across territories during our study,
suggesting that habitat loss could have contributed to declines in abundance and territory
occupancy detected in previous studies of this population (Tempel and Gutiérrez 2013, Tempel
et al. 2014b). Thus, we recommend that managers consider the existing amount and spatial
distribution of high-canopy-cover forest before implementing SPLATSs and that SPLATSs be

accompanied by a rigorous monitoring program within an adaptive management framework.
In our prospective analysis, we concluded that SPLATs may provide long-term benefits

to spotted owls in the event of high-severity fire, but they may have negative effects on owls if

fire does not occur. Thus, the net effect of SPLATSs on spotted owls depends upon the true, but
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unknown, probability that high-severity fire effects will occur within individual owl territories.
Other key remaining uncertainties include how much high-canopy-cover forest and how many
large trees (structural attributes that have been shown to be consistent with high owl fitness)
should remain on the landscape, under what conditions might wildfire benefit spotted owls,
whether the projected impacts would be different at larger spatial scales that integrate multiple
firesheds, and the reliability of simulating the effects of fuels treatments and fire on wildlife (i.e.,
we had no error estimates for the fire or forest-growth simulations). In conjunction with
observed population declines in the last 20 years, we believe these uncertainties warrant an
informed approach to landscape-fuels management that explicitly balances the seemingly
conflicting goals of providing habitat for owls and reducing fire potential. Specifically, we
recommend that the USFS continue its current policy that restricts timber harvest within spotted
owl Protected Activity Centers (PACs), which contain =309 acres (=125 ha) of the best habitat
used by owls for nesting and roosting over long time periods (Berigan et al. 2012). Furthermore,
designing and strategically placing SPLATS to limit the spread of high-severity fire into PACs

could benefit owl populations.

Extended abstract for Pacific Fisher

Introduction

Fishers (Pekania pennanti) are a medium-sized mammalian carnivore with a pre-
European distribution encompassing the boreal forest zone of Canada, the Great Lakes region
and northeastern United States, a relatively limited portion of the Rocky Mountains in the United
States, and mountainous areas of Washington, Oregon, and California (Powell 1993). The
species is uncommon to rare in the western United States, and has been proposed by the US Fish
and Wildlife Service for threatened status under the US Endangered Species Act. The California
Department of Fish and Wildlife (CDFW) is currently reviewing the status of fishers in the state,
with recommendations concerning listing to the Commission expected in 2015. The SNAMP
Fisher Project was initiated by the UC Fisher Team in Fall 2007 in association with multiple
other SNAMP programs designed to provide an independent evaluation of how vegetation

management, prescribed by the 2004 Sierra Nevada Forest Plan Amendment (USFS 2004),
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affects fire risk, wildlife, forest health and water resources within the Sierra Nevada region.
Specific objectives included 1) Determination of all key demographic parameters including age-
and sex-specific survival, reproductive rates, and fecundity, and metrics on dispersal and
movements. 2) Identify population limiting factors based on cause-specific mortality due to
predation, disease, and human-linked factors such as roadkill on local highways. 3) Evaluate the

effects of vegetation management on occupancy, survival, and fecundity.

Methods

The SNAMP Fisher Project study area is at the northern edge of the southern distribution
of fishers in California, encompassing the area bounded by the Merced River in the north and the
San Joaquin River in the south. Administratively, the study area was within the Bass Lake
Ranger District in the Sierra National Forest, but early in the study a radio-collared fisher
dispersed north into Yosemite National Park, which effectively expanded the study to encompass
the southern area of Yosemite National Park. The study area consisted of two regions, the
overall monitoring area and the focal study area. The overall monitoring area encompassed
approximately 502 miles” (1300 km?) of a topographically complex landscape with elevations
ranging from 2,487 ft to 8,701 ft (758 m to 2652 m), and included sufficient habitat such that 20
active animals could be monitored simultaneously. A smaller focal study area was located in the
approximate center of the overall monitoring area, centered on the SNAMP Sugar Pine firesheds.
In this area, more detailed information on fisher occupancy and habitat use was collected to

reflect fisher response to habitat change.

A range of standard methods were used in the study to live-trap, radiocollar and monitor
survival status of individual fishers. Monitoring was accomplished almost entirely by fixed-
wing aerial radiotelemetry, supported by an “in house” aviation program developed for SNAMP
Fisher and administered by the Forest Service. Ground-based radiotelemetry was used to
monitor female fishers during denning seasons, and to recover carcasses of deceased fishers.
Camera traps were systematically placed within the SNAMP Sugar Pine firesheds and elsewhere
in the study near the center points of 0.39 miles® (1-km?) grids to determine variation in

occupancy rates related to habitat structure and management activities. Camera traps in the focal
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study area were surveyed for fisher activity in each year of the study, whereas those placed

elsewhere in the overall monitoring area were not.

To evaluate the short-term impacts of SPLATSs and associated management activities on
fisher, we conducted a multi-year occupancy analysis of the focal study area. We developed
local, patch-specific biophysical covariates for use in analytical models of occupancy. We
calculated the mean elevation (elev) for each surveyed grid. Habitat covariates included the
proportion forest (i.e., total tree) and hardwood cover (denMD) based on land-cover data derived
from satellite imagery (CWHR CalVeg; USDA Forest Service 2012). We also generated three
management-oriented covariates for each camera location, with the camera defining the center of
a 0.39 miles” (1-km?) grid cell. Using the USDA Forest Service FACTS (Forest Service Activity
Tracking System) database, we identified all management activities that had occurred in the focal
study area between 2002 and 2013, and summed the acreage impacted for each grid cell per year.
We grouped management activities as extractive (removal of timber or large trees) and
restorative (hazardous fuel management). For each cell, we calculated the percentage of the cell
that had been impacted by either type of activity over the 5 years preceding the survey. So, for
example, the restorative covariate for a particular grid cell in 2009 would be the percentage of
that cell that was impacted by hazardous fuel management activities between 2004 and 2008. We
also calculated the overall percentage of each cell impacted by fire, either wildfire or prescribed,
in the 50 years prior to the survey year. These variables, management and biophysical, were used

to develop an occupancy model reflecting fisher response to habitat change.

To determine the impacts of SPLATSs on future fisher habitat availability, we selected two
structural variables reflective of fisher habitat suitability: canopy cover and large tree density.
The selection of these metrics was guided by field data from both SNAMP Fisher as well as a
comparable USFS fisher research project in the High Sierra District of the Sierra National Forest,
as well as habitat modelling efforts by the Conservation Biology Institute (CBI). CBI found that
out of 10 forest structure variables, canopy cover > 60% and the density of trees > 10” diameter
at breast height (dbh) were the two most significant contributors to characterizing fisher denning
habitat. Additional field data have further identified 24 dbh as the lower threshold of tree size

used by fishers for dens and resting sites. We therefore defined large trees as those with a greater
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than 24 dbh. Examination of tree lists in the vicinity of known dens sites identified a threshold

of 15.4 large trees per acre.

We projected the impacts of SPLATS on these two structural variables using a
combination of pre and post-treatment plot data and forest growth and disturbance models (FVS,
FARSITE). Four scenarios were considered, similar to the efforts of the other SNAMP teams:
treatment with fire, treatment without fire, no treatment with fire, and no treatment without fire.
At 10 year time intervals, we quantified the acreage with canopy cover > 60% and large tree
density of greater than 15.4 trees per acre. The amount of suitable habitat over time was defined

as stands the number of acres that met both criteria.

Results

Between 2007 and 2013, 110 individual fishers were captured, radiocollared, and tracked
via aerial telemetry. Surveys with camera traps were completed in 905 unique 1-km? grids
throughout the overall study area, including 56 grids within the southern region of Yosemite
National Park from a companion study funded by the California Department of Fish and
Wildlife. Fishers were detected in 448 of the unique grids surveyed, which helped to identify
that fishers in this part of the southern Sierra Nevada were most common between 4,500 ft and
6,500 ft elevation (1,372 m and 1,981 m elevation). Occupancy estimates for multi-year
surveyed grids corrected for imperfect detection < 1.0 ranged from 0.62 to 0.80. Detection rates
for fishers at camera trap stations were much higher in the fall, winter, and spring seasons
compared to summer, likely due to availability of a more abundant and diverse prey base in

summer compared to winter especially.

The mean number of den trees used per female per denning season was 2.4 (range 1 to 5).
We identified 125 unique structures used as natal or maternal dens, including 54 black oak trees,
41 incense cedar trees, 19 white fir trees, 10 sugar pine or ponderosa pine trees, and one canyon
oak. We discovered that repeat use of den trees was not uncommon; sixteen individual den trees
were used more than once. Fifty-six percent of the trees used for denning in the SNAMP area
were live trees (n = 70), whereas 44% (n = 55) were snags. Overall mean DBH of black oak

denning structures was 29.3 in (74.4 cm), 45.5 in (115.6 cm) for incense cedar, 42.6 in (108.3)

85



cm for white fir, and 43.8 in (111.2 cm) for pine species. The majority of denning structures used
in the SNAMP Fisher study area (83%) were in the elevation range 4,500 ft (1,371 m) to 6,000 ft
(1,829 m), and denning structures were typically embedded in areas of high canopy cover (mean
=72%). Shrub cover and aspect near den trees was variable, and most den trees had multiple

large down trees/logs nearby, whereas concealment cover to the base of den trees averaged more

than 45%.

Multi-season occupancy models failed to identify a relationship between the management
covariates and colonization rates, the probability that an unoccupied cell will be occupied the
following year. However extinction rates, the probability that a grid cell occupied in one year
would be unoccupied the next, were strongly related to the restorative covariate (covariate
importance of 98%). Fisher persistence, the likelihood of a cell being occupied given that it was
occupied the previous year, was negatively associated with restorative actions; probability of
persistence decreased by 27% as the proportion of the grid treated for cumulative restorative fuel
reduction increased from 0 (occupancy = 0.89, 95% CI: 0.85, 0.92) to 1.0 (occupancy = 0.65,
95% CI: 0.46, 0.81).

Without simulated fire, we projected that SPLATSs had a negative effect on fisher habitat
availability, reducing the acreage meeting both threshold values (canopy cover > 60% and > 15.4
large trees per acre) by 2,075 acres (839.7 ha). This difference quickly disappeared; after 10
years SPLATS resulted in 859 more acres (347.6 more ha) meeting both threshold conditions. By
year 30, the difference between treated and unlimited scenarios was negligible. With simulated
fire, SPLATSs had a limited positive impact on fisher habitat availability, resulting in 1,043 more
acres (422.1 more ha) of suitable habitat available after 10 years. This positive impact persisted
through the modelling period, with 600 more acres (242.8 more ha) meeting both conditions after

30 years.

Discussion
Occupancy modelling indicated that fishers reduced their use of forest patches exposed to
higher levels of restorative fuel reduction, i.e., persistence of occupancy declined with additional

acreage treated for fire resiliency. However neither restorative nor extractive (i.e., commercial
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thinning) fuel reduction was related to either initial probability of occupancy or local extinction.
This pattern is likely due to interaction of several factors. First, the overall spatial scale of
treatments, both restorative and extractive, is relatively small compared to a fisher’s home range.
Second, evidence indicates that fishers simply shift their space use patterns to avoid small treated
areas. And third, evidence indicates that the reduction of surface and ladder fuels may change the
small mammal community, therefore limiting fisher prey availability. It is worth noting that even
at very high levels of restorative fuel activities (100% of a grid cell treated), the occupancy rate
in the Sugar Pine firesheds was predicted to be 65%, a high value given the rarity of fisher across

California.

We found that SPLATSs caused an immediate 6% reduction in potential fisher habitat.
However, they also moderated the impact of fire, resulting in greater available fisher habitat
within 30 years. In the absence of simulated fire, the amount of habitat steadily increased over
time due to forest succession, and was actually slightly greater on the treated landscape in year
30 than in year 0. The net benefits of SPLATSs for the Pacific fisher will depend upon the true,
but unknown, probability that high-severity fire effects will occur on a given portion of the
landscape. However, future probabilities for specific fire behaviors (e.g., crown-fire initiation)
are difficult to estimate, and it is therefore difficult to quantify trade-offs associated with
SPLATS in absolute terms (Finney 2005). We further note that the SPLATSs that were
implemented at Sugar Pine appeared to have relatively modest impacts on forest structure and
simulated fire behavior, and that it may be necessary to evaluate additional SPLATSs of different

intensities over a larger scale to fully assess the effects of SPLATSs on fisher habitat.

Extended abstract for Water Quantity

Introduction

Forest management in the Sierra Nevada has a direct impact on the processes driving
hydrologic storage and fluxes in these mixed-conifer montane watersheds. Quantifying the
effects of historical fire suppression, vegetation treatments for fuel reduction, and wildfire on

hydrologic properties is essential for effective land and water resource management. The
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California Water Plan (California DWR 2013) specifies the necessity to “implement on-the-
ground projects to create empirical evidence needed to justify investment in the upper
watersheds” and to “[d]evelop and implement sustainable resource management strategies
including adaptive forest management practices, effective fuels reduction programs, and
enhanced watershed protection practices”. In the Sierra Nevada, winter and spring runoff from
seasonal precipitation and snowmelt is a critical source of California water supply, accounting
for more than half of the water used in hydropower operations, agricultural irrigation, and
municipal water throughout the state (Kattelmann et al. 1983; Department of Water Resources

2009).

When forest vegetation is modified by fuel treatments, wildfire, or climate variability, the
change in forest structure has an impact on the net snowpack energy driving snowmelt rates
(Black et al. 1991; Essery et al. 2008; Pomeroy et al. 2009; Lawler and Link 2011).
Concurrently, the change in vegetation density also has an impact on rate of water lost to the
atmosphere through evapotranspiration (Zhang et al. 2001; Moore et al. 2004; Biederman et al.
2014; Brown et al. 2014). The forest structure and associated hydrologic processes have inherent
spatial heterogeneity, which can be addressed using hydrologic models supported by high
temporal-resolution observations and high spatial-resolution remote sensing data. The question
we ask in regard to water quantity is:

Do SPLATS increase runoff at the scale of the fireshed?

Methods

For the purpose of this study, a spatially explicit hydro-ecological model, anchored in
observed data, was used to maximize available spatial data and the ability to scale from small to
large catchments. The Regional Hydro-Ecological Simulation System (RHESSys; Tague and
Band 2004) has been used in research applications of forest and mountain hydrology over a
range of geographical regions, including the Sierra Nevada (Christensen et al. 2008; Meyers et
al. 2010). RHESSys was calibrated using headwater catchment observations of climate, snow,
soil moisture, and stream discharge for the three pre-treatment years (2010-2012), which
encompassed wet, average, and dry precipitation conditions. 5000 parameter sets were tested

with each headwater model, of which 6 sets in Last Chance and 17 sets in Sugar Pine met the
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minimum calibration criteria. These four calibration criteria were Nash-Sutcliffe coefficient
(NSe; Nash and Sutcliffe 1970) and log-NSe for daily stream discharge greater than 0.60, along
with annual and August water yields within 20% of measured values. These requirements
ensured good calibration of the seasonal wet and dry periods, along with storm peaks and annual
discharge rates. The successful headwater calibrations were then transferred to the fireshed scale,
based on geologic similarities between catchments, which has been used to link common
hydrologic model parameters in RHESSys (Tague et al. 2013). The results presented here are
mean values of all the successful calibration sets run over four years (2010-2013). Changes in
forest structure for each scenario were determined by differences in Leaf Area Index (LAI),

overstory canopy cover, and understory shrub cover.

Results

Implementation of SPLATSs at Last Chance resulted in runoff increases of at least 12%
for the initial 20 years, falling to 9.8% by Year 30, when compared to the no treatment scenario
(Figure 3-13). Model scenarios included shrub cover, resulting in a LAI decrease of 8.0% due to
SPLATS — slightly different from the Fire and Forest Ecosystem Health Team results (Figure 3-
15). Vegetation growth following SPLATSs showed the reduced biomass densities only lasted for
about 10 years, also reducing runoff rates to pre-treatment levels. Including shrub cover, fire
without SPLATSs reduced vegetation by 49.8% while fire with SPLATSs reduced vegetation by
38.1%, increasing respective runoff rates by 66.7% and 54.9%.

SPLAT implementation at Sugar Pine shows runoff increases of less than 3% compared
to the no treatment scenario over 30 years (Figure 3-16). With the inclusion of the shrub
vegetation layer, SPLATSs resulted in a 7.5% decrease in Sugar Pine LAI (Figure 3-18), again
slightly different from the Forest Ecosystem Health Team results. Vegetation growth following
SPLATS again showed the reduced biomass densities only lasted for about 10 years. Differences
in LAI and runoff were less than 3% and 1% respectively after 30 years. Including shrub cover,
fire without SPLATS reduced vegetation by 42.5% while fire with SPLATSs reduced vegetation
by 39.5%, increasing respective runoff rates by 15.2% and 13.1%.
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Discussion

Implementing SPLATS, both with and without wildfire, had a greater effect on runoff
rates in Last Chance than in Sugar Pine. The difference in the two study area responses can
largely be attributed to the differences in precipitation rates. Changes in vegetation at Sugar Pine
had minimal effect on annual evapotranspiration (ET) rates, suggesting the forest is more water-
limited than at Last Chance, where changes in ET were more closely linked to forest density.
This response can be illustrated using the scenario of greatest vegetation change, wildfire without
SPLATS, where a 42.5% reduction in Sugar Pine vegetation led to a 2.9% decrease in ET (Figure
3-17). Alternatively, the 49.8% reduction in Last Chance vegetation resulted in a 22.8% decrease
in evapotranspiration (Figure 3-14). Although the high-intensity fires can result in greater
vegetation reductions and lead to increased runoff, these results did not specifically address
water quality issues related to these wildfires such as soil erosion into the stream channel,

hydrophobic soils, and elevated snowmelt rates.
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Figure 3-13: Changes in the runoff fraction of precipitation by treatment and time at Last
Chance study area, Sierra Nevada, California. Results based on fire and forest growth
simulations. Models were parameterized with plot-level tree lists and scaled to the fireshed using
remote sensing. The simulated fire burns immediately after Year O is measured. Results for the
treated fireshed only.
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Figure 3-14: Changes in the evapotranspiration fraction of precipitation by treatment and time at
Last Chance study area, Sierra Nevada, California. Results based on fire and forest growth
simulations. Models were parameterized with plot-level tree lists and scaled to the fireshed using
remote sensing. The simulated fire burns immediately after Year 0 is measured. Results for the
treated fireshed only.
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Figure 3-15: Changes in leaf area index by treatment and time at Last Chance study area, Sierra
Nevada, California. Results based on fire and forest growth simulations. Models were
parameterized with plot-level tree lists and scaled to the fireshed using remote sensing. The
simulated fire burns immediately after Year 0 is measured. Results for the treated fireshed only.
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Figure 3-16: Changes in the runoff fraction of precipitation by treatment and time at Sugar Pine
study area, Sierra Nevada, California. Results based on fire and forest growth simulations.
Models were parameterized with plot-level tree lists and scaled to the fireshed using remote
sensing. The simulated fire burns immediately after Year 0 is measured. Results for the treated
fireshed only.
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Figure 3-17: Changes in the evapotranspiration fraction of precipitation by treatment and time at
Sugar Pine study area, Sierra Nevada, California. Results based on fire and forest growth
simulations. Models were parameterized with plot-level tree lists and scaled to the fireshed using
remote sensing. The simulated fire burns immediately after Year 0 is measured. Results for the
treated fireshed only.
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Figure 3-18: Changes in leaf area index by treatment and time at Sugar Pine study area, Sierra
Nevada, California. Results based on fire and forest growth simulations. Models were
parameterized with plot-level tree lists and scaled to the fireshed using remote sensing. The
simulated fire burns immediately after Year 0 is measured. Results for the treated fireshed only.

Extended abstract for Participation

Introduction

The SNAMP integrated focal question can be restated for the Participation Team as:
How do SNAMP participants perceive the short term and long term
responses of the studied resources to fuels treatments conducted by the

Forest Service, and did SNAMP help shape these perceptions?

Methods

Perceptions of participants were shaped in part by the ways resource specific information
was shared with them. Two outreach workers based in the study communities made presentations
about SNAMP to local civic clubs, conservation groups, local governments, resource groups and
schools as well as hosting and organizing public/annual meetings, integration team (science)

meetings, field trips and workshops featuring presentations by rest of the UC Science Team to
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promote shared understandings of the science. To engage a larger audience, the Participation
Team also developed a SNAMP website, science briefs for published journal articles,

newsletters, web digests, and webinars.

The Participation Team used information gathered up to the summer of 2014, prior to the
final SNAMP results and report, to address the focal question. Only data from interviews and
email surveys of SNAMP participants pertaining directly to perceptions of treatment outcomes,
and about the role of SNAMP in shaping perceptions, were used in this analysis. Participation

Team complete summary, methods, and detailed results are found in Appendix F.

Interviews with 26 SNAMP participants targeting those of a variety of backgrounds,
affiliations and viewpoints were conducted between the end of 2013 and the start of 2014. These
interviews informed the creation of the 2014 email survey that collected views from those on the
SNAMP email distribution list (801 recipients). The email survey results include responses from
258 respondents (a 32% response rate). Combined these two sources of data provide a
proportional view of the opinions and perspectives of SNAMP participants via the email survey

as well as a descriptive, in depth view of those perceptions via the interview comments.

In both the email and interview surveys, stakeholders were asked for their opinions about
how SNAMP fuels reduction treatments influenced the resources studied in SNAMP, including
forest health, Pacific fisher, California spotted owl, and water quantity and quality. In some
cases, for consistency between the interview and email survey interpretations, affiliations were
used to differentiate respondents, breaking them into nine groups: UC Science Team, Forest
Service, other state and federal agency participants, environmental NGOs (non-governmental
organizations), forest products groups (both for and not for profit), local governments, Native
American Tribe representatives, and unaftiliated (including fire safe council members, local

citizens and other types of interested parties).
Results

Email survey and interview respondents felt that fuels treatments could impact fire

behavior and that the forest health of the two study areas had improved after the treatments were
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implemented. There were also interviewee and email survey participant results suggesting that
the fuels treatments might be too light to protect the landscape from severe fire and interviewees
indicated that the studies may not be able to detect treatment impact due to study design

limitations.

For treatment impacts on wildlife, email survey participants were divided into thirds with
regard to their assessment of the short term impacts (a third felt fisher and owl habitat had
improved, a third felt it had deteriorated and a third saw no impact in the short term), while there
was more broad support for the idea that the treatments will benefit the species in the long term.
The interviewees expressed concerns about short term negative impacts of the machines and
structure changes and commonly mentioned that treatment effects might be obscured by other

factors affecting the fisher, such as rodenticide, road kill and predation.

Email survey results and interview comments showed almost no support for a negative
impact on water quality or quantity from the treatments in the short or long term. Interviewees
described treatments that were too light to have an effect and that the study was likely to be too

short to be able to detect an effect.

Overall, during the lifetime of the SNAMP project, most email survey respondents
reported changes in their opinions during SNAMP. Just over half the email survey respondents
felt that SNAMP influenced their opinions on forest health, water and impacts to the owl, but
nearly three-quarters felt SNAMP affected their opinions about impacts to the fisher.

Comparing responses by the affiliation of the respondents (Science Team, Public, Forest
Service, environmental NGO, etc.) showed no statistical differences in responses about the likely
treatment impacts on the fisher and the owl; the majority of people in each group responded the
same way. Most affiliation groups also had similar distributions of responses about the impacts
on water quality and quantity, but the UC scientist responses differed. Science team members
were more likely to report an opinion of no impact on water quality in the long term whereas
local government participants were more likely to predict a positive impact on water quality in

the long term. Forest products participants separated themselves from the group because they
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more often reported an opinion that, in the long term, forest health would not be improved—
comments indicated that most felt that the treatments did not remove enough material to improve

forest health over the long term.

The forest products email survey participants were also less likely to report they had
learned or changed their opinions about any topic studied in SNAMP. Interviews revealed that
forest products participants often referred to their own observations from working in the forest in
preference to SNAMP information. The unaffiliated citizens who participated in the email
survey frequently selected “I do not know enough to have an opinion” about the impacts of the
treatments and this could be why they were also less likely to respond that they experienced a
change in opinion from the influence of SNAMP. In contrast, the unaffiliated citizen

interviewees did report learning from SNAMP.

Most interviewees who learned from SNAMP talked about learning about the forest
management context, agency decision-making, and the ins and outs of fuels management, and
emphasized that the field trips were very important for their learning. There was an incredible
amount of learning mentioned about basic fisher biology and about owls and habitat use. Many
interviewees talked about learning from the Water Team about the process of doing hydrological
studies and the techniques and equipment required. The learning in SNAMP was novel for some
and reaffirmed, confirmed and strengthened many participant opinions. Nevertheless, the
completed SNAMP report is what many participants said they would eventually base their

opinions on.

Learning was also fostered other ways. Interviewees reported that events that included
face-to-face meetings with the UC Science Team were especially good venues for learning.
Participants agreed strongly on post event evaluations that they learned something new at the
integration science meetings, field trips, and subject matter workshops (these workshops went
beyond SNAMP science and were aimed at applied management but were not always SNAMP
sponsored). They appreciated the subject matter workshops for their hands-on activities and the
field trips for the opportunity to visualize and discuss conceptual terms such as “resiliency” and

“forest health” in tangible ways that cannot readily be done in other meetings.
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Discussion

SNAMP’s outreach program created an array of participation options to promote learning
through in-person events and information sharing at a distance. Evaluation information showed
that in-person events, most importantly field trips and subject matter workshops were best for
science learning. Overall, results demonstrated public endorsement of the fuels treatments by
participants, showed that participants learned from SNAMP, and revealed that most participants
thought that long-term treatment impacts would be positive. For all SNAMP focal areas, some
participants changed opinions and most learned from the project. This was the case most strongly

with forest health, fire behavior and fisher.

A focus on learning dominated every aspect of the SNAMP process from the original title
of the work plan (“Learning how to apply adaptive management...”) to the final public meeting
and creation of the final report. The extensive outreach effort allowed participants to learn from
the scientists and change or support their opinions. Shared understandings evolved around the
impacts of treatments on the studied resources, as well as around the underlying assumptions of
the project: what constitutes forest health and adaptive management process itself (Sulak and
Huntsinger 2012; Sulak et al 2015 and see Appendix F of this report). In terms of outreach
approaches, while integration meetings, in which direct dialogue with managers and scientists
were facilitated, were strongly appreciated, outreach field trips were the most popular and

accessible to a broad audience.

References

Berigan, W.J., R.J. Gutiérrez, and D.J. Tempel. 2012. Evaluating the efficacy of protected habitat
areas for the California spotted owl using long-term monitoring data. Journal of Forestry
110: 299-303.

Biederman, J., A. Harpold, D. Gochis, B. Ewers, D. Reed, S. Papuga, and P. Brooks. 2014.
Increased evaporation following widespread tree mortality limits streamflow response.

Water Resour. 50: 5395-5409, doi:10.1002/2013WR014994.

Black, T., J.-M. Chen, X. Lee, and R. Sagar. 1991. Characteristics of shortwave and longwave
irrandiances under a Douglas-fir forest stand. Can. J. For. Res. 21: 1020-1028.

100



Blanchard, S., M. Jakubowski, and M. Kelly. 2011. Object-Based Image Analysis of Downed
Logs in Disturbed Forested Landscapes using Lidar. Remote Sensing 3: 2420-2439.

Bond, M.L., M.E. Seamans, and R.J. Gutiérrez. 2004. Modeling nesting habitat selection of
California spotted owls (Strix occidentalis occidentalis) in the central Sierra Nevada
using standard forest inventory metrics. Forest Science 50: 773—780.

Brown, M.G. et al. 2014. Evapotranspiration and canopy characteristics of two lodgepole pine
stands following mountain pine beetle attack. Hydrol. Process. 28(8): 3326-3340,
doi:10.1002/hyp.9870.

California Department of Water Resources (DWR). 2013. California Water Plan Update 2013:
Investing in Innovation & Infrastructure. Sacramento, CA.

Christensen, L., C.L. Tague, and J.S. Baron. 2008. Spatial patterns of simulated transpiration
response to climate variability in a snow dominated mountain ecosystem. Hydrol.
Process. 22(January): 3576— 3588, doi:10.1002/hyp.

Ellison, A.M., M.S. Bank, B.D. Clinton, E.A. Colburn, K. Elliott, C.R. Ford, D.R. Foster, B.D.
Kloeppel, J.D. Knoepp, G.M. Lovett, J. Mohan, D.A. Orwig, N.L. Rodenhouse, W.V.
Sobczak, K.A. Stinson, J.K. Stone, C.M. Swan, J. Thompson, B.V. Holle, and J.R.
Webster. 2005. Loss of foundation species: Consequences for the structure and dynamics
of forested ecosystems. Frontiers in Ecology and the Environment 588 3:479-486.

Essery, R., J. Pomeroy, C. Ellis, and T. Link. 2008. Modelling longwave radiation to snow
beneath forest canopies using hemispherical photography or linear regression. Hydrol.
Process. 22: 2788-2800, doi:10.1002/hyp.6930.

Finney, M.A. 2005. The challenge of quantitative risk analysis for wildland fire. Forest Ecology
and Management 211: 97-108.

FRAP. 2003. The Changing California: Forest and Range 2003 Assessment Summary. Fire and
Resource Assessment Program. California Department of Forestry and Fire Protection.
http://frap.fire.ca.gov/data/assessment2003/index.html.

Garcia-Feced, C., D. Tempel, and M. Kelly. 2011. LiDAR as a tool to characterize wildlife
habitat: California spotted owl nesting habitat as an example. Journal of Forestry 108(8):
436-443.

Guo, Q., W. Li, H. Yu, and O. Alvarez. 2010. Effects of topographic variability and lidar
sampling density on several DEM interpolation methods. Photogrammetric Engineering
and Remote Sensing 76(6): 701-712.

Hicke, J.A., A.J.H. Meddens, C.D. Allen, C.A. Kolden. 2013. Carbon stocks of trees killed by

bark beetles and wildfire in the western United States. Environmental Research Letters 8§,
035032. doi: 10.1088/1748-9326/8/3/035032.

101


http://frap.fire.ca.gov/data/assessment2003/index.html

Jakubowski, M., Q. Guo, B. Collins, S. Stephens, and M. Kelly. 2013a. Predicting surface fuel
models and fuel metrics using lidar and CIR imagery in a dense, mountainous forest.
Photogrammetric Engineering and Remote Sensing 79(1): 37—49.

Jakubowski, M.K., Q. Guo, and M. Kelly. 2013b. Tradeoffs between lidar pulse density and
forest measurement accuracy. Remote Sensing of Environment 130: 245-253.

Jakubowski, M.K., W. Li, Q. Guo and M. Kelly. 2013c. Delineating individual trees from lidar
data: a comparison of vector- and raster-based segmentation approaches. Remote Sensing
5:4163-4186.

Lawler, R.R. and T.E. Link. 2011. Quantification of incoming all-wave radiation in
discontinuous forest canopies with application to snowmelt prediction. Hydrol. Process.
25:3322-3331, doi:10.1002/hyp.8150.

Li, W., Q. Guo, M. Jakubowski, and M. Kelly. 2012. A new method for segmenting individual
trees from the lidar point cloud. Photogrammetric Engineering and Remote Sensing
78(1): 75-84.

Li, L., Q. Guo, S. Tao, M. Kelly, and G. Xu. 2015. Lidar with multi-temporal MODIS provide
a means to upscale predictions of forest biomass. ISPRS Journal of Photogrammetry and
Remote Sensing 102: 198-208.

Meyers, E.M., B. Dobrowski, and C.L. Tague. 2010. Climate Change Impacts on Flood
Frequency , Intensity , and Timing May Affect Trout Species in Sagehen Creek ,
California. Trans. Am. Fish. Soc., 1657-1664, do1:10.1577/T09-192.1.

Moore, G.W., B.J. Bond, J.A. Jones, N. Phillips, and F.C. Meinzer. 2004. Structural and
compositional controls on transpiration in 40- and 450-year-old riparian forests in western
Oregon, USA. Tree Physiol. 24(5): 481-91.

Nash, J.E. and J.V Sutcliffe. 1970. River flow forecasting through conceptual models part I --- A
discussion of principles. J. Hydrol. 10(3): 282-290.

Panek, J., D. Saah, A. Esperanza, A. Bytnerowicz, W. Fraczek, and R. Cisneros. 2013. Ozone
distribution in remote ecologically vulnerable terrain of the southern Sierra Nevada, CA.
Environmental Pollution 182, 343-356.

Pomeroy, J., D. Marks, and T. Link. 2009. The impact of coniferous forest temperature on
incoming longwave radiation to melting snow. Hydrol. 2525(May): 2513-2525,
doi:10.1002/hyp.

Popescu, V.D., P. de Valpine, D. Tempel, and M.Z. Peery. 2012. Estimating population impacts

via dynamic occupancy analysis of Before—After Control-Impact studies. Ecological
Applications 22:1389-1404.

102



Powell, R.A. 1993. The fisher: life history, ecology, and behavior, 2nd ed. University of
Minnesota Press, Minneapolis, Minnesota, USA.

Stephens, S.L., S.W. Bigelow, R.D. Burnett, B.M. Collins, C.V. Gallagher, J. Keane, D.A. Kelt,
M.P. North, L.J. Roberts, P.A. Stine, D.H. Van Vuren. 2014. California spotted owl,
songbird, and small mammal responses to landscape fuel treatments. Bioscience
doi:10.1093/biosci/biul37.

Stewart-Oaten, A. and J.R. Bence. 2001. Temporal and spatial variation in environmental
impact assessment. Ecological Monographs 71: 305-339.

Stewart-Oaten, A., W.W. Murdoch, and K.R. Parker. 1986. Environmental impact assessment:
"Pseudoreplication" in time? Ecology 67: 929-940.

Sulak, A. and L. Huntsinger. 2012. Perceptions of forest health among stakeholders in an
adaptive management project in the Sierra Nevada of California. Journal of Forestry 110:
312-317.

Sulak, A., L. Huntsinger, and S. Kocher. 2015. The Sierra Nevada Adaptive Management
Project: Cooperative Extension and University Researchers Collaborate. California
Agriculture, in press (Planned for publication 69:1 March 2015).

Tague, C.L. and L.E. Band. 2004. RHESSys: Regional Hydro-Ecologic Simulation System—
An Object-Oriented Approach to Spatially Distributed Modeling of Carbon, Water, and
Nutrient Cycling. Earth Interact. 8(19): 1, doi:10.1175/1087-
3562(2004)8<1:RRHSS0>2.0.CO;2.

Tague, C.L., J.S. Choate, and G. Grant. 2013. Parameterizing sub-surface drainage with geology
to improve modeling streamflow responses to climate in data limited environments.
Hydrol. Earth Syst. Sci. 17(1): 341-354, doi:10.5194/hess-17-341-2013.

Tao, S., Q. Guo; L. Li, B. Xue, M. Kelly, W. Li, G. Xu, and Y. Su. 2014. Airborne lidar-
derived volume metrics for aboveground biomass estimation: a comparative assessment
for conifer stands. Agricultural and Forest Meteorology 198-199: 24-32.

Tempel, D.J. and R.J. Gutiérrez. 2013. Relation between occupancy and abundance for a
territorial species, the California spotted owl. Conservation Biology 27: 1087—1095.

Tempel, D.J., R.J. Gutiérrez, S.A. Whitmore, M.J. Reetz, R.E. Stoelting, W.J. Berigan, M..E.
Seamans, and M.Z. Peery. 2014a. Effects of forest management on California spotted

owls: implications for reducing wildfire risk in fire-prone forests. Ecological Applications
24:2089-2106.

103


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=FUHuEPAAAAAJ&sortby=pubdate&citation_for_view=FUHuEPAAAAAJ:p__nRnzSRKYC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=FUHuEPAAAAAJ&sortby=pubdate&citation_for_view=FUHuEPAAAAAJ:p__nRnzSRKYC

Tempel, D.J., M.Z. Peery, and R.J. Gutiérrez. 2014b. Using integrated population models to
improve conservation monitoring: California spotted owls as a case study. Ecological
Modelling 289: 86-95.

USDA Forest Service (USFS). 2004. Sierra Nevada forest plan amendment: final supplemental
environmental impact statement — Record of decision. R5-MB-046. [Vallejo, CA]: USFS,
Pacific Southwest Region.

USDA Forest Service (USFS). 2012. CalVeg GIS website.
http://www.fs.usda.gov/main/r5/landmanagement/gis.

van Mantgem, P.J. and N.L. Stephenson. 2007. Apparent climatically-induced increase of tree
mortality rates in a temperate forest. Ecology Letters 10, 909-916.

Waring, R.H. 1983. Estimating forest growth and efficiency in relation to canopy leaf area.
Advances in Ecological Research 13: 327-354.

Zhang, L., W.R. Dawes, and G.R. Walker. 2001. Response of mean annual evapotranspiration to
vegetation changes at catchment scale. Water Resour. 37(3): 701-708.

Zhao, F., Q. Guo, and M. Kelly. 2012. Allometric equation choice impacts lidar-based forest
biomass estimates: a case study from the Sierra National Forest, CA. Agricultural and
Forest Meteorology 165: 64— 72.

Zhao, F., R.A. Sweitzer, Q. Guo, and M. Kelly. 2012. Characterizing habitats associated with

fisher den structures in southern Sierra Nevada forests using discrete return lidar. Forest
Ecology and Management 280: 112—119.

104


http://www.fs.usda.gov/main/r5/landmanagement/gis

Chapter 4. INTEGRATED RESOURCES ASSESSMENT

Introduction

Chapter Four addresses one of the primary goals of the Sierra Nevada Adaptive
Management Project: an integrated assessment of the impact of SPLATSs on forest resources.
Appendices A-F describe in detail how the individual resources respond to the fuel treatments.
Here we identify the key insight regarding each resource and present these insights in a
quantitatively consistent context to evaluate the collective influence of SPLATS. This framework
(Figure 4-1) considers both the immediate and long-term impacts of the fuels treatments. These
impacts include: the effect of SPLATSs on forest composition and structure in the treated area
(which causes changes in habitat quality for example); and SPLATs-caused reduction in the

hazard posed by a high severity fire.

To complete this assessment, each team selected a synoptic variable (also known as the
integration metric) that best captured the resource’s response to SPLATS, and the Participation
Team contributed participant perspectives on the impact of treatments on those resources as well
as the influence of SNAMP science on those perspectives from data collected over the course of
SNAMP. The resource integration metrics were informed by the field data collected over the
past 7 years and by results from multiple models used to assess post-treatment effects over 30
years. Response to either wildfire (modeled) or SPLATS (field data extended by modeling) were
standardized to a baseline condition of the pre-treatment forest. This standardization helped
ensure that the integration metrics were broadly comparable in terms of the magnitude of impact
on the resource. We have presented results in a consistent graph style that includes four
scenarios modeled over a 30 year period:

1) no SPLATS are implemented and no wildfire burns the fireshed (no treatment; no fire);

2) SPLATS are implemented and no wildfire burns the fireshed (treatment; no fire);

3) no SPLATS are implemented and a wildfire burns the fireshed immediately following

Year 0 (no treatment; fire); and

4) SPLATsS are implemented and a wildfire burns the fireshed immediately following

Year O (treatment; fire).
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Our hope is that these standardized integration metric graphs, presented together, will provide

managers and stakeholders with the ability to compare SPLAT effects across resources.
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Figure 4-1: The SNAMP integration framework.

107



Methods

The integration framework required a common spatial and temporal scale. Given the
policy directive to manage fire across the landscape, the spatial scale relevant to management
was the fireshed. Thus, we combined results from remote sensing with field data to map the
firesheds into specific polygons that captured variations in forest composition, canopy structure,
and fuel loads across the landscape. Each polygon included the tree lists necessary to simulate
forest growth with the Forest Vegetation Simulator (FVS) as well as the information needed to
simulate wildfire behavior via FARSITE/FlamMap. The 30-year time frame fit with the

expected predicted service life of SPLATS given the expected rate of vegetation recovery.

Because SPLATS are designed to modify the behavior of a “problem fire,” we simulated
wildfire occurring under severe conditions using dry fuel moisture and extreme (90"-95™
percentile) fire weather parameters. In other words, the modeled fire burned at predominantly
high intensity and would be difficult to suppress. The start of simulated fire (the ignition line in
Figure 4-2) was based on the history of wildfire and determined by the location of the most

recent problem fire at each study area.

Based on stand-level classifications, 18.4% of the landscape was included in the SPLAT
treatments at Last Chance (Figure 4-2). The most common treatment was canopy thinning (8%
by area) which involved the removal of canopy trees as well as understory “ladder” fuels. At
Sugar Pine, 29.3% of the landscape was included in the SPLAT treatments. Most of the
treatment involved thinning with or without mastication (25.8% by area). Overall the immediate
impact of SPLATSs was to reduce the flame lengths in the treated fireshed under the wildfire

scenario (Figure 4-2) and to lower basal area under the no fire scenario (Figures 4-3 and 4-4).

In an attempt to reduce conflict over forest management in the Sierra Nevada, learning
through adaptive management about this integration of the impacts of SPLATS by all participants
was the foundational concept for the SNAMP project. To facilitate learning, the Participation
Team conducted an extensive outreach program associated with the science conducted in
SNAMP, consisting of a website, annual meetings, integration team (science) meetings, field

trips, subject matter workshops featuring presentations by the UC Science Team and
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presentations to local study area groups to promote shared understandings of the science (see
Appendix F). It was through these kinds of outreach that participants learned from SNAMP. To
address this integrated assessment, the Participation Team used information gathered from
people affiliated with SNAMP up to the summer of 2014, prior to the final SNAMP results and
report. Only data from interviews (26 participants) and email surveys (258 participants, 32%
response rate) of SNAMP participants pertaining directly to perceptions of treatment outcomes,
and about the role of SNAMP in shaping perceptions, were used in this analysis. In some cases,
affiliations were used to differentiate respondents, and we included the perspectives of UC
Science Team members. Combined, these two sources of data gave us a proportional view of the
opinions and perspectives of SNAMP participants via the email survey as well as a descriptive,

in-depth view of those perceptions via the interview comments.
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Figure 4-2: Simulated flame lengths for forest conditions pre-(left) and post-(right)
implementation of SPLATSs at both Sierra Nevada Adaptive Management Project study areas,
Sierra Nevada, California. Results based on FARSITE fire growth simulations. Models were
parameterized with plot-level tree lists and scaled to stand polygons using vegetation map. The
simulated wildfire occurred immediately after pre- and post-treatment plot measurements as
follows: Thin, thinning; Mast, mastication; Thin+Mast, thinning followed by mastication; Cable,
cable logging; Burn, prescribed fire.
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Figure 4-3: Basal area (in ft*/acre) in 4 scenarios (no fire and no SPLATS; no fire and SPLATS; fire and no SPLATS; fire and
SPLATS) at Last Chance, the Sierra Nevada Adaptive Management Project’s northern study area in the Sierra Nevada, California.
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Figure 4-4: Basal area (in ft*/acre) in 4 scenarios (no fire and no SPLATS; no fire and SPLATS; fire and no SPLATS; fire and
SPLATS) at Sugar Pine, the Sierra Nevada Adaptive Management Project’s southern study area in the Sierra Nevada, California.
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Results

Fire behavior

The Fire and Forest Ecosystem Health (FFEH) Team used the fire modeling and forest-
growth results to project changes in hazardous fire potential (the conditional burn probability for
fire occurring with flame length > 6.6 ft) at both study areas 30 years into the future under four
scenarios (no fire and no SPLATS; fire and no SPLATS; no fire and SPLATS; fire and SPLATS).
We projected this change within the treated fireshed only. SPLATSs had a persistent, slightly
positive effect on hazardous fire potential for up to 30 years if simulated fire did not occur. This
was evident at Year O (blue bars in Figures 4-5 and 4-9) where the conditional burn probability
(CBP) for the treatment scenario was 28% and 34% lower at Last Chance and Sugar Pine,
respectively, compared to the “no treatment” scenario. This difference waned over time to only a
2-4% difference by Year 30. In contrast, SPLATSs had a persistent, positive effect throughout the
30-year period if simulated fire occurred. Following essentially a zero CBP for either scenario
immediately following simulated fire (red bars in Year 10), by Year 20 the recovery in CBP
towards initial values (blue bars in Year 0) for the treatment scenario (light red bar) reached 67%
at Last Chance and 96% at Sugar Pine. For the no treatment scenarios at Year 20 (stripe red bar)
the recovery was slower, reaching 44% and 72% at Last Chance and Sugar Pine, respectively.
Thirty years after the simulated fires, the average CBP was lower under most of the treatment
scenarios. Only with simulated fire at Sugar Pine were CBPs for the treatment scenarios equal.

While the impact of SPLATSs was lower at Sugar Pine, its overall CBP was also lower.

Although these differences appear modest, we note that reductions in CBP can translate
into larger benefits over short time periods. This and other work has shown that SPLATS reduce
CBP not only within treated areas but also in stands adjacent to treated areas. The identification
of an explicit threshold for the amount of change in CBP for the treatment fireshed is subjective,
but nevertheless a decline in hazardous fire potential following treatment will help to reduce the
negative consequences of subsequent severe wildfires, resulting in more resilient forests in the

long-term.
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Forest ecosystem health

We relied on tree growth metrics to measure the forest health response to the four
scenarios. For the fire scenario, we used the rate of return to pre-fire basal area to quantify forest
health differences between treatment and no-treatment. However, growth rate by itself is not an
ideal measure in the no-fire scenario because of its mutual dependence on individual traits (e.g.,
tree size, tree age) and community characteristics (e.g., tree density, soil fertility, moisture
regime). Instead, we used the growth efficiency as the index of forest health, defined as the
increment in stand basal area produced per unit leaf area. Because we relied on separate
measures of forest health for the two fire scenarios -- fractional basal area following fire and
growth efficiency in the no-fire scenarios — we reported the relative change in the indices to ease

comparison.

The implementation of SPLATSs at Last Chance reduced tree basal area (Figure 4-3). In
contrast, the net loss of basal area was less when the fireshed was burned by wildfire (Figure 4-
6). Thus, the decrease in basal area attributable to SPLATSs reduced overall losses by fire from
52% (no SPLATS) to only 34% (with SPLATS). In the absence of fire, there were small but
consistent increases in growth efficiency associated with SPLAT treatments and the gains in

efficiency increased with time (Figure 4-6).

The implementation of SPLATSs at Sugar Pine reduced tree basal area (Figure 4-4). As at
Last Chance, more basal area was retained in the treated fireshed (66%) after simulated fire than
in the untreated fireshed (59%). These differences continued to Year 30 (Figure 4-10). In the
absence of fire, the treatment led to large gains in growth efficiency. For example, in Year 10,
stands in the treated fireshed were adding more than twice the growth per unit of leaf area than

the untreated stands (Figure 4-10).

At both study areas, there were discernible gains in fraction of basal area retained (fire
scenario) and growth efficiency (no fire scenario) associated with SPLATSs. These results
supported the contention of improved tree health and by extension forest health. However, the
magnitude of increase in growth efficiency related to SPLATSs at Last Chance was minor. Thus,

fuel treatments at Last Chance under the no-fire scenario most likely did not represent
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meaningful improvements in tree vigor. On the other hand, the higher efficiencies observed at
Sugar Pine implied that the remaining trees have much greater access to resources and/or lower

exposure to stress.

Participant perspectives on fire behavior and forest ecosystem health

Participants felt that the treatments improved forest health at both sites (81% and 77% of
email survey participants felt the forest health at Sugar Pine and Last Chance, respectively, had
improved after treatment in the short term) and would reduce wildfire intensity but that an
extreme fire would overwhelm both sites’ treatments because not enough material was removed.
The SNAMP participants whose interests lay in forest products stood out for their critical view
of the results of the treatments, with the following as an exemplar: “In my opinion in north and

south sites, we aren’t doing enough fuels reduction to make a difference if there is a wildfire.”

Most of the affiliation subgroups in the email survey show a majority agreeing that their
ideas about the impacts of forest fuel treatments on forest health have changed over the last 7
years, and that SNAMP did influence that change. However, the participants from the forest
products industry did not agree that SNAMP had influenced their opinions about forest health,
and unaffiliated citizens were split with about half agreeing and half disagreeing that SNAMP

influenced their opinions.

Of those who answered “yes” to our interview question regarding opinion change with
regard to fuels treatments and their impact on fire behavior, many felt their opinions changed
only a little bit: “[ SNAMP] helped me to be open to learning” or “I want to say yes but I am not
sure how” and “No, not really, but probably just from conversations with [UC scientists] [ am
more confident that it is [going to have an effect] than I was before. Maybe a little.” Most
interviewees who learned from SNAMP talked about learning about the forest management
context, decision-making and fuels management and emphasized that the field trips were very
important for that learning. Over the course of the project, participant definitions of forest health

grew closer together.
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California spotted owl

The Owl Team used the fire-modeling and forest-growth results provided by the FFEH
Team to project changes in California spotted owl habitat, territory fitness (population growth
rate, 1), and territory equilibrium occupancy (ygq) at Last Chance 30 years into the future under
the four integration scenarios (no fire and no SPLATS; fire and no SPLATS; no fire and SPLATS;
fire and SPLATS). Territory fitness represented the population growth rate conferred on resident
owls by habitat conditions within a territory, and territory equilibrium occupancy represented the
long-term probability that a territory would be occupied by owls in any given year. We
projected habitat change at two spatial scales—within the treated fireshed only and within the
combined control and treated firesheds. We projected changes in territory fitness and territory
occupancy within four owl territories that were located within both the control and treated
firesheds. We estimated that the treated fireshed contained slightly more owl habitat than the
combined control and treated firesheds at the beginning of the study, but we observed similar
patterns in habitat change at both spatial scales over the 30-year period under each scenario

(Figures 4-S1 and 4-S2).

We projected that SPLATS had a persistent, slightly negative effect on owl habitat and
demographic rates for up to 30 years if simulated fire did not occur. After 30 years and no fire,
the average habitat suitability (treated = 0.38; untreated = 0.40), mean A (treated = 0. 850;
untreated = 0.856), and mean ygq (treated = 0.883; untreated = 0.911) were all greater under the
“no treatment” scenario (Figures 4-7, 4-S1, and 4-S3). In contrast, SPLATSs had a persistent,
positive effect throughout the 30-year period if simulated fire occurred. Thirty years after the
simulated fires, the average habitat suitability (treated = 0.23; untreated = 0.17), mean A (treated
= 0.796; untreated = 0.776), and mean g4 (treated = 0.577; untreated = 0.468) were all greater
under the treatment scenario (Figures 4-7, 4-S1, and 4-S3). Although these differences appear
modest, we note that small reductions in A can translate into large population declines over
longer time periods. Thus, the net effect of SPLATS on spotted owls depended upon the true, but
unknown, probability that high-severity fire effects will occur within individual owl territories.
In addition, our retrospective analysis showed that both territory fitness and equilibrium
occupancy had a non-linear relationship with the amount of high-canopy-cover (>70%) forest

within a territory (see Figures 4a and 5a in Appendix C), which was the product of underlying
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non-linear relationships between high-canopy-cover forest, survival, and territory colonization.
The identification of an explicit threshold amount of high-canopy-cover forest to retain within
owl territories will be subjective, but nevertheless a steep decline in owl demographic parameters

will result as high-canopy-cover forest decreases within a territory.

Pacific fisher

The Fisher Team used the fire-modeling and forest growth results provided by the FFEH
Team to project changes in Pacific fisher habitat availability over 30 years under the four
integration scenarios (SPLATs and no SPLATS, with and without a simulated wildfire).
Specifically, we projected the consequences of each scenario on the acreage of dense canopy
cover (>60%) and on the acreage containing at least 15.4 large (dbh > 24 inches [61 cm)]) trees

per acre, as well as the acreage that met both conditions.

Without simulated fire, we projected that SPLATSs had a negative effect on fisher habitat
availability, reducing the acreage meeting both threshold values (canopy cover > 60% and > 15.4
large trees per acre) by 2,075 acres (840 ha; Figure 4-11). This difference quickly disappeared;
after 10 years, SPLATS resulted in 859 more acres (348 more ha) meeting both threshold
conditions. By year 30, the difference between treated and untreated scenarios was negligible.
With simulated fire, SPLATSs had a limited positive impact on fisher habitat availability,
resulting in 1,043 more acres (422 more ha) of suitable habitat available after 10 years. This
positive impact persisted through the modelling period, with 600 more acres (243 more ha)
meeting both conditions after 30 years. Overall, the effects of SPLATS on fisher habitat were
limited, with a significantly greater difference in habitat availability projected to exist between

burned and unburned scenarios.

Overall, the difference in habitat availability between burned and unburned landscapes
appeared to be primarily driven by large tree density. On the Sugar Pine landscape, fisher habitat
availability appeared to be limited by the presence of suitable numbers of large trees (Figure 4-
S4). In the absence of simulated fire, SPLATSs reduced the acreage meeting the large tree density
criteria at Year 0 from 16,669 to 15,001 acres (6,746 to 6,071 ha). As with overall habitat
availability, this effect reversed after 10 years and essentially disappeared by Year 30. With
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simulated fire, the acreage meeting the large tree density criteria was further reduced to 12,670
acres (5,127 ha) with SPLATSs and 11,682 acres (4,728 ha) without. As with overall habitat
availability, this positive effect of SPLATSs on large tree density persisted throughout the 30 year
modeling window. Comparatively, in the absence of fire, SPLATSs reduced the acreage meeting
the canopy cover criteria at Year O by 1,686 acres (682 ha; Figure 4-S5). This difference
increased to 3,787 acres (1,533 ha) at Year 10, then declined to 728 acres (295 ha) by Year 30.
With a simulated fire, SPLAT treatment resulted in 1,801 more acres (729 more ha) meeting the
canopy cover criteria at Year 10, with the effect declining to 284 and 297 acres (115 and 120 ha)
at Year 20 and Year 30, respectively.

Participant perspectives on wildlife

For both species, the email survey respondents were split into thirds regarding their
opinions of the impact of the treatments in the short term — a third saw fisher and owl habitat as
deteriorated, a third saw it as improved, and a third anticipated no change in the short term. A
majority in all respondent subgroups agreed the impacts on fisher (73% of all email survey
participants) and spotted owl (67% of all email survey participants) were likely to be positive in
the long term. Interviewee comments were positive about impacts from reduced risk of fire.
Interview comments also provided reasons behind the short term concerns: participants felt that
both species would be impacted negatively by the implementation process of the treatments
(machines, tree removal). Some commented that other issues (rodenticide, road kill, and

predation) may have more of an impact on fisher than treatments:

“...hopefully it will give it a chance at living. There is always going to be the issue of the
rodenticides due to illegal pot farms, ...and also going to be ...people, cars and so forth
but I think, by taking their habitat into consideration, and how the area is treated for fires
and such, if a fire goes through it may save their habitat and the people’s habitat around

it.” Environmental NGO.
“I think it will give the owl a better chance of surviving in that their habitat would be

significantly less damaged by anything but a very high intensity fire, or severe greater
than 100-year intensity fire.” Unaffiliated citizen.
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Email survey participants changed their opinions about the treatment impacts on both
wildlife species, and learned from SNAMP in ways that influenced their opinions except those
who were associated with the forest products industry. Across all interviewees, positive reports
of learning were strongest for the fisher portion of SNAMP. Fisher-related meetings were also
the best attended integration meetings. Interviewees talked extensively about the impressive
amount of learning that occurred in SNAMP about basic fisher biology. Based on what they
learned in SNAMP, some interview participants felt they now know more about owl habitat use
and so feel more comfortable with conclusions that are the opposite of their preconceived

opinions:

“...before I was in SNAMP I would have said yes, what one thinks of as an old growth-
associated species [fisher] would be affected ... probably negatively. Based on what I
have learned as a participant in SNAMP I would now say that it’s not clear — not sure

there would be strong immediate effects.” UC Science Team.

“Before this it was a hypothesis more and now it is more “this should happen because I
know [about the owl]” not just because “I think”. Learning in SNAMP solidified my

concerns and what needs to happen.” Environmental NGO.

Water quantity

The Water Team used the fire-modeling and forest-growth results provided by the FFEH
Team to project changes in runoff rates at both study areas 30 years into the future under the four
integration scenarios (no fire and no SPLATS; fire and no SPLATS; no fire and SPLATS; fire and
SPLATSs). We projected this change within the treated fireshed only, using the overstory canopy
cover, overstory Leaf Area Index (LAI), and understory shrub cover to represent changes in

forest vegetation structure with the Regional Hydro-Ecological Simulation System (RHESSys).

The implementation of SPLATSs at Last Chance increased runoff by 12%, rising from
0.266 to 0.298 as a fraction of precipitation (Figure 4-8). Vegetation re-growth following
SPLATS reduced runoff rates similar to pre-treatment levels after 10 years, but given that

vegetation growth was occurring in both scenarios over time, SPLATs maintained a 12% higher
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runoff for 20 years compared to the no SPLATS scenario, only falling to a difference of 9.8% by
year 30. When the fireshed was burned by wildfire, the runoff fraction increased to 0.412 when
SPLATSs were present and to 0.443 without SPLATS, due to the greater reductions in vegetation.
The effects of a wildfire without SPLATS resulted in a consistently higher runoff (7-8%)
compared to a wildfire that burned with SPLATS for all the years simulated.

The implementation of SPLATSs at Sugar Pine only increased runoff by 2.7%, rising from
0.317 to 0.325 as a fraction of precipitation (Figure 4-12). Vegetation re-growth following
SPLATS also reduced runoft rates similar to pre-treatment levels after 10 years, but the small
increase from SPLATSs diminished over time, falling to 0.4% by year 30. When the fireshed was
burned by wildfire, the runoff fraction increased to 0.358 when SPLATs were present and to
0.365 without SPLATS. The effects of a wildfire without SPLATS resulted in marginally higher
runoff (1-2%) compared to a wildfire that burned with SPLATS for all the years simulated.

Implementing SPLATS, both with and without wildfire, had a greater effect on runoff
rates in Last Chance than in Sugar Pine. The difference in the two study area responses can
largely be attributed to the differences in precipitation rates. Changes in vegetation at Sugar Pine
had minimal effect on annual evapotranspiration (ET) rates, suggesting the forest is more water-
limited than at Last Chance, where changes in ET were more closely linked to forest density.
This response can be illustrated using the scenario of greatest vegetation change, wildfire without
SPLATS, where a 42.5% reduction in Sugar Pine vegetation led to a 2.9% decrease in ET. In
contrast, the 49.8% reduction in Last Chance vegetation resulted in a 22.8% decrease in
evapotranspiration. Although high-intensity fires can result in greater vegetation reductions and
lead to increased runoff, these results did not specifically address water quality issues related to
these wildfires such as soil erosion into the stream channel, hydrophobic soils, and elevated

snowmelt rates.

Participant perspectives on water quantity and quality
Most email survey respondents felt that that the treatments would have positive or no
effects on water quality and quantity, with long term impacts viewed the most positively (only

5% and 8% of email survey respondents thought there would be a negative impact on water
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quality and quantity respectively in the long term). The UC Science Team participants in the
email survey were more likely than the other affiliation subgroups to report an opinion of no
impact to water and the local government participants were more likely to predict a positive
impact on water quality in the long term. Similarly some interviewees supported the likelihood
of small to nonexistent treatment impacts on water because best management practices were
used, the treatments were too light to have an effect, or the study was too short to be able to
detect an effect. The interviewees also said the treatments would have a positive impact on water
quality and quantity especially when compared to severe fire and thought that increased water
yield was an advantage of treatment. Interviewees had varying ideas about the processes that

would cause increased water yield:

“...I think that it is more that the destructive effects of the fire would be reduced and that
the actual treatments themselves, by themselves, will have relatively minimal effect on
either quality or quantity...the long term treatment I don’t think is going to be really

probably measurable, particularly in terms of water quantity.” Agency.

Email survey participant opinions of treatment impacts on water quality and quantity
changed during SNAMP and just over half reported an influence of SNAMP on their opinions.
The two subgroups that reported change less frequently were the forest products participants and
unaffiliated citizen participants. Few interviewees felt that they had changed their opinions about
the impact of forest treatments on water quality or quantity over the last 7 years but many did
feel they learned from the project about water and their preconceived opinions were supported.
Interviewees mentioned learning from SNAMP about water assessment techniques and
equipment, learning about the interactions of leaf area index and water, or, like the other
subjects, some participants knew little of the topic before SNAMP and so the learning in

SNAMP was significant for them:
“Found it fascinating, all the little monitors etc. Website, field trips and meetings [is

where I] learned it. Especially from the field trip that I went on — I think I went on almost

all hydrological team field trips.” Unaffiliated citizen.
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Figure 4-5: Changes in conditional burn probability by
treatment and time at Last Chance, the Sierra Nevada
Adaptive Management Project’s northern study area in the
Sierra Nevada, California. Results based on fire and forest
growth simulations. Models were parameterized with plot-
level tree lists and scaled to the fireshed using lidar and
other spatial data. The simulated fire occurs immediately
after Year O is measured. Results for the treated fireshed
only.

Figure 4-6: Trends in measures of forest health by
treatment scenario at Last Chance, the Sierra Nevada
Adaptive Management Project’s northern study area in the
Sierra Nevada, California. For the fire scenarios, forest
health is expressed as the fraction of the Year 0 basal area
that is retained. For the no fire scenarios, forest health is
expressed as the relative growth efficiency. Results based
on fire and forest growth simulations. Models were
parameterized with plot-level tree lists and scaled to the
fireshed using remote sensing. Estimates based on
changes that occurred during the interval. The simulated
fire burns immediately after Year 0 is measured. Results
for the treated fireshed only.
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Figure 4-7: Changes in average California spotted owl
territory fitness (population growth rate), by treatment
and time at Last Chance, the Sierra Nevada Adaptive
Management Project’s northern study area in the Sierra
Nevada, California. Results based on fire and forest
growth simulations. Models were parameterized with
plot-level tree lists and scaled to the fireshed using
remote sensing. The simulated fire burns immediately
after Year O is measured. Results for four California
spotted owl territories located within both the control and
treated firesheds.

Figure 4-8: Changes in runoff as a fraction of
precipitation by treatment and time at Last Chance, the
Sierra Nevada Adaptive Management Project’s northern
study area in the Sierra Nevada, California. Results based
on fire and forest growth simulations. Models were
parameterized with plot-level tree lists and scaled to the
fireshed using lidar and other spatial data. The simulated
fire occurs immediately after Year 0 is measured. Results
for the treated fireshed only.
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Figure 4-9: Changes in conditional burn probability by
treatment and time at Sugar Pine, the Sierra Nevada
Adaptive Management Project’s southern study area in
the Sierra Nevada, California. Results based on fire and
forest growth simulations. Models were parameterized
with plot-level tree lists and scaled to the fireshed using
lidar and other spatial data. The simulated fire occurs
immediately after Year 0 is measured. Results for the
treated fireshed only.

Figure 4-10: Trends in measures of forest health by
treatment scenario at Sugar Pine, the Sierra Nevada
Adaptive Management Project’s southern study area in
the Sierra Nevada, California. For the fire scenarios,
forest health is expressed as the fraction of the Year 0
basal area that is retained. For the no fire scenarios, forest
health is expressed as the relative growth efficiency.
Results based on fire and forest growth simulations.
Models were parameterized with plot-level tree lists and
scaled to the fireshed using remote sensing. Estimates
based on changes that occurred during the interval. The
simulated fire burns immediately after Year 0 is
measured. Results for the treated fireshed only.
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Figure 4-11: Changes in Pacific fisher habitat
availability under four alternative scenarios at Sugar
Pine, the Sierra Nevada Adaptive Management Project’s
southern study area in the Sierra Nevada, California.
Models were parameterized using plot level data; pre-
treatment data in the case of no treatment scenarios, and
post-treatment data in the case of treatment scenarios.
Forest recovery and succession was modeled using FVS,
fire behavior was modeled using FARSITE.

Figure 4-12: Changes in runoff as a fraction of
precipitation by treatment and time at Sugar Pine, the
Sierra Nevada Adaptive Management Project’s southern
study area in the Sierra Nevada, California. Results based
on fire and forest growth simulations. Models were
parameterized with plot-level tree lists and scaled to the
fireshed using lidar and other spatial data. The simulated
fire occurs immediately after Year 0 is measured. Results
for the treated fireshed only.



Discussion

The integrated assessment makes explicit the trade-offs between reducing fire hazard and
the habitat requirements of sensitive wildlife populations. Furthermore, it considers treatment
impacts on water quality as well as the potential co-benefits in forest health and water yield. By
intention, we have simplified complex responses. This simplification ignores model
uncertainties. While we shared common spatial (e.g., vegetation map) and temporal data (e.g.,
results from simulations of scenarios), each team relied on resource-specific analytical
approaches. Moreover, we simulated only one problem fire in addition to the production of
conditional fire probability maps for each site. Many of the complexities are addressed in the
detailed appendices written by each team. To repeat them here would defeat the purpose of
providing a clear, comparative framework. Nevertheless, the limitations of this approach must be
acknowledged. There are no error bars on the integration graphs despite the potential for
propagation of errors from the upscaling and modeling. Also, we evaluated only four scenarios
parameterized by measurements taken at two sites in the Sierra Nevada. Thus, conclusions drawn
from the integrated assessment should reflect the origins of the analysis and its inherent

uncertainty.

One value of SPLATS not considered in our scenarios is their contribution toward
increasing fire suppression efficiency. Our simulations demonstrate that if a wildfire enters a
SPLAT, it will change its behavior (Figure 4-2). Fire suppression crews can take advantage of
this change. This could make it possible for a fire suppression crew to suppress a fire before it
enters a spotted owl protected activity center (PAC) or other wildlife habitat feature. The SPLAT

only has to change behavior enough for successful suppression in some cases.

The efficacy of SPLATSs in modifying fire behavior reported here does not apply to fires
like the King (2014; 97,717 acres burned), Rim (2013; 257,314 acres burned), and Moonlight
(2007; 65,000 acres burned). These wildfires are outside of our modeling potential. They have
plume impacts that no fire behavior model can duplicate. Not all fires will have behaviors such
as these, but this does limit our modeling results to the high-severity category. The extreme fire
behavior observed in these “mega-fires” can sometimes change wildlife habitat and forest

mortality patterns at large spatial scales very rapidly (over 1-2 days in the case of the King Fire).
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SPLAT installations or managed wildfire at larger spatial scales than used in SNAMP are

probably the only way to reduce the chances for these events.

Best practices for learning and working together

Learning cannot occur without starting with a strong outreach effort based in
transparency and inclusivity. Based on our experiences in SNAMP, we strongly suggest that
organizations design a variety of participation events that accommodate diverse backgrounds and
knowledge levels — overview large meetings, technical detailed smaller meetings, hands-on
workshops, field trips, and webinars or conference calls as needed. Most importantly,
organizations should conduct as many field trips as possible to draw the broadest audience of
participants and clarify discussions in realities on the ground. But these events should also build
in informal time at meetings, as it is important for people to network and always include question

and answer sessions to allow participants to get to know what others think.

At the end of SNAMP, after almost all the outreach had been conducted but just before the
final results of SNAMP were shared, our email survey and interview results showed that
SNAMP participants were supportive of the Sugar Pine and Last Chance fuel treatments because
respondents believe they increased forest health, decreased the risk of damage by wildfire
(except in the case of extreme fires), may benefit wildlife in the long term, and would be unlikely
to have a negative impact on water quality and quantity. The only affiliation subgroups in
SNAMP that did not follow these trends in a few aspects were the forest products and
unaffiliated citizen groups. The forest products participants often felt that the treatments did not
go far enough to have significant impact and the unaftiliated email survey participants often
selected “I do not know enough to have an opinion” about the impacts of the treatments and this
could be why they were less likely to respond that they experienced a change in opinions and
reported infrequently an influence of SNAMP on their opinions. In contrast, the unaffiliated
citizen interviewees who focused on the owl and the water portions of SNAMP did report

learning from SNAMP.

The convergence of opinions was similarly reflected in our analysis of definitions of

adaptive management and forest health over the life of the project (see Appendix F). By 2014,
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interview and email participant definitions of forest health had coalesced around the theme of
functioning ecological processes with species diversity as an important component. Similarly,
interviewee descriptions of adaptive management centered on an experimental, science-based
approach with monitoring components, and participants were commonly using terms like
“cycles” and “loops” in their descriptions. Shared understandings and learning together are
crucial for successful collaborations and help to reduce conflict, and we saw this evolution in
SNAMP — more than 85% of 2014 email respondents agreed that there was an “increase in
shared understandings” as a result of the UC role as a third party in the SNAMP process, though
respondents were ambivalent about SNAMP’s ultimate impact on reducing regional conflict over
forest management (see Appendix F). SNAMP demonstrated a scientific, outreach and
facilitation process that brought together people from disparate backgrounds, affiliations and
viewpoints who, by the end, shared some common understandings about the process and the

impacts of Sierra forest fuel treatments.

Future improvements and knowledge gaps

Larger spatial scale for wildlife

Both wildlife teams found a limited number of animals within the original study areas at
Last Chance and Sugar Pine and thus had to expand their study areas to obtain sufficient sample
sizes. For example, the Owl Team found only four spotted owl territories within the Last Chance
study area. Both the owl and fisher have large home ranges relative to the spatial scale of a
fireshed, and to understand how SPLATSs may affect populations of these species (as opposed to
individual animals or territories) will necessarily require study areas that incorporate multiple
firesheds. Thus, we recommend that future studies to assess how SPLATSs (or other management
activities) affect the spotted owl and fisher should consider the use of much larger spatial scales
(perhaps an order of magnitude or more) than either of the SNAMP study areas. We
acknowledge that expanded study areas will result in the application of more treatments, which
could have negative impacts on these two at-risk species, but accepting a greater level of risk
will be a necessary cost if we wish to improve our ability to assess treatment effects on these
species. Studies at larger spatial scales will necessarily entail greater financial costs, so we

suggest occupancy-based studies that are less labor-intensive and relatively inexpensive when
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compared to mark-recapture or radiotelemetry studies, recognizing the limitations for

information gathered in the former.

Use of spatial data

The UC Science Team used lidar spatial data as a key integrating method for the SNAMP
project. We used the lidar data to create vegetation maps that displayed forest stands and
identified the SPLAT treatment areas. These products were used in the fire behavior modeling
process. Additionally, many other sophisticated applications of lidar data have been used to map
forest attributes. For example, lidar data have been proven useful in mapping biomass, as well as
critical forest habitat variables — such as individual trees, tree sizes, and canopy cover - for

sensitive species.

Probability of fire on the landscape

Our goal in presenting the integration metric graphs is to provide managers and other
end-users with the ability to compare SPLAT effects across resources and so inform their
decision-making regarding deployment of SPLATSs on the Sierra Nevada landscape. A crucial
consideration is the probability of wildfire on the landscape. As demonstrated here, forest fuel
treatments can have negative short-term impacts on a resource but positive long-term effects.
Judging the potential future benefit against the short-term costs depends on knowing the
likelihood of a wildfire. However, the science of predicting wildfire occurrence requires future

research especially regarding how it impacts late seral forest habitat.

Climate sensitivity

The Sierra Nevada region typically has inter-decadal periods of wet and dry timespans
that often occur in consecutive years. This seven-year project had two normal years of
precipitation, one very wet year, and four years of drier than normal conditions. The range of
annual climate was representative of long-term conditions in this area, but there was a dry year
following the implementation of SPLATS, potentially masking any observed hydrologic changes
that might have been measured in a normal or wet precipitation year. As this region is now in a

fourth consecutive dry year, we suggest considering climate variability when planning future
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projects, keeping the range of possible conditions in mind when thinking about environmental

responses and time needed for measuring baseline and experimental treatment effects.

Future climate conditions also need to be considered when planning forest or land
management projects. In this project, we modeled wildfire and forest growth conditions for 30-
years, during which temperatures are expected to increase. These elevated temperatures will have
a direct impact on all aspects of this project. Reduced snowpack storage and increased forest
evapotranspiration may result in lower stream water yield. Forest community structure and
species composition are expected to migrate to higher elevations. Mixed-conifer forests will need
to endure longer summer dry periods due to the earlier snowmelt, making them more susceptible
to drought-stress, competition, and invasive pests. The number and extent of recent western US
wildfires has also been shown to be increasing, with the extended dry season leading to higher
risks of a fire ignition. Vegetation communities that become established post-fire may not be
similar to the historical structure, adapting to the new climate conditions. For example, changes
in overstory structure from wildfire may accelerate plant community shifts towards species from
warmer regions through impacts on understory microclimate at small scales. Wildlife could
potentially migrate with their habitat (e.g., move to higher elevations), and may also encounter
new competition for space and resources as existing habitat becomes more suitable for other
species. These forests are the source of a majority of California’s surface water, so future
concerns of reduced snowpack storage, increased wildfire risk, and changing forest composition
will ultimately affect many of the stakeholders and public participants who have been involved
in this project, including forest managers, operators of storage reservoirs and hydropower

facilities, aquatic wildlife managers, and suppliers of municipal water.

130



Supplemental integrated metrics graphs

Figure 4-S1: Changes in the average probability that forest stands contained suitable California
spotted owl nesting habitat, by treatment and time at Last Chance, the Sierra Nevada Adaptive
Management Project’s northern study area in the Sierra Nevada, California. Results based on fire
and forest growth simulations. Models were parameterized with plot-level tree lists and scaled to
the fireshed using remote sensing. The simulated fire burns immediately after Year O is
measured. Results for the treated fireshed only.
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Figure 4-S2: Changes in the average probability that forest stands contained suitable California
spotted owl nesting habitat, by treatment and time at Last Chance, the Sierra Nevada Adaptive
Management Project’s northern study area in the Sierra Nevada, California. Results based on fire
and forest growth simulations. Models were parameterized with plot-level tree lists and scaled to
the fireshed using remote sensing. The simulated fire burns immediately after Year O is
measured. Results for the control and treated firesheds combined.
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Figure 4-S3: Changes in average California spotted owl territory equilibrium occupancy, by
treatment and time at Last Chance, the Sierra Nevada Adaptive Management Project’s northern
study area in the Sierra Nevada, California. Results based on fire and forest growth simulations.
Models were parameterized with plot-level tree lists and scaled to the fireshed using remote
sensing. The simulated fire burns immediately after Year 0 is measured. Results for four
California spotted owl territories located within both the control and treated firesheds.
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Figure 4-S4: Changes in acreage meeting the large tree (greater than 24 inches [61 cm] diameter
at breast height) density criteria (> 15.4 trees per acre) for Pacific fisher under four alternative
scenarios at Sugar Pine, the Sierra Nevada Adaptive Management Project’s southern study area
in the Sierra Nevada, California. Models were parameterized using plot level data; pre-treatment
data in the case of no treatment scenarios, and post-treatment data in the case of treatment
scenarios. Forest recovery and succession was modeled using FVS, and fire behavior was
modeled using FARSITE.
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Figure 4-S5: Changes in acreage meeting the canopy cover criteria (> 60%) for Pacific fisher
under four alternative scenarios at Sugar Pine, the Sierra Nevada Adaptive Management
Project’s southern study area in the Sierra Nevada, California. Models were parameterized using
plot level data; pre-treatment data in the case of no treatment scenarios, and post-treatment data
in the case of treatment scenarios. Forest recovery and succession was modeled using FVS, and
fire behavior was modeled using FARSITE.
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Chapter 5. INTEGRATED MANAGEMENT RECOMMENDATIONS

Introduction

Chapters 4 and 5 form one of the primary products of the Sierra Nevada Adaptive
Management Project: an assessment of the impact of SPLATS integrated across the SNAMP
focal resources as a group. Individual team chapters (Appendices A-F) include management
recommendations relevant to their respective resources. The following management

recommendations consider the SNAMP focal resources as an integrated group.

These recommendations were developed by the UC Science Team working together.
Although each recommendation was written by one or two authors, the entire team has provided
input and critique for the recommendations. The entire UC Science Team endorses all of these

integrated management recommendations.

Each management recommendation is linked to a management goal. In some instances,
an action recommended to achieve a goal may conflict with achieving one or more of the other
management goals. For example, several of our recommendations suggest placing SPLATSs
across the landscape in a way that minimizes negative effects on wildlife (e.g., recommendations
4,5, 7, and 26). Designing SPLATS to satisfy multiple management goals may reduce the
efficiency with which SPLATSs reduce wildfire behavior and impacts, and may require treating a
greater proportion of the landscape to have the same effect (e.g., recommendation 21). We
highlight these potential conflicts to emphasize that while SNAMP has demonstrated that many
of the following management recommendations do not clash, a few may. The resulting “decision
points” are occasions on which decision-makers will likely have to weigh negative impacts

against one another.

Chapter 5 is divided into two sections. The first section contains integrated management
recommendations that are a direct product of SNAMP scientific investigation. The second
section contains recommendations that look forward to an uncertain future and draw not only on

SNAMP science but also on the broader scientific expertise of the UC Science Team.
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Each management recommendation comprises a conditional recommendation statement
followed by a paragraph explaining the reasoning behind the recommendation. For further
information about the science underlying chapters 4 and 5, please see Chapter 3, which compiles
summaries from each team intended to inform the integrated assessment and management
recommendations. Chapter 3 briefly describes each team’s methodology and those results most
relevant to integration. Complete details are, of course, to be found in the team chapters that

form the appendices of this report.

Section 1: Integrated management recommendations based directly on SNAMP science
i) Wildfire hazard reduction

1. If your goal is to reduce severity of wildfire effects, SPLATS are an effective means to
reduce the severity of wildfires.

Strategic siting of fuel treatments places treated areas in locations where the topology of fire
(i.e., biophysical conditions that contribute to adverse wildfire effects) is the highest. Owing to
the complexity of modeling fire and fuels treatment across real landscapes, fuels treatment
project design is often based on local knowledge of both the project area and past fire patterns.
Managers at the two SNAMP study areas designed and deployed effective SPLAT treatments that
differed in their spatial characteristics: the northern site had more of a clumped treatment
allocation whereas the southern site was more dispersed. In modeling, both were effective in
reducing the potential for flame lengths > 6.5 ft (2 m), which is related to conservation of large,
older trees. Our modeling, modeling by others, and empirical studies by others have
demonstrated that SPLAT networks will reduce the risk of uncharacteristically severe fire.

ii) SPLAT impacts on forest ecosystem health

2. If your goal is to improve forest ecosystem health, SPLATS have a positive effect on
tree growth efficiency.

Forest growth efficiency, defined here as the basal area increment per unit leaf area, is a proven
indicator of forest health (Waring 1983). The reductions in tree basal area and density related to
SPLATs implementation increased the modeled growth efficiency at both Last Chance and Sugar
Pine. However, the magnitude of the improvement in growth efficiency depends on both the
extent and intensity of the SPLATS treatment and on the structure of the pre-treatment forests.
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The site that started with the higher basal area and canopy cover (i.e., Sugar Pine) showed a
larger relative increase in growth efficiency from SPLATs, even though by some measures the
treatment impact on forest structure was less.

iii) SPLAT impact assessment

3. Ifyour goalis to integrate across firesheds, an accurate vegetation map is essential,
and a fusion of optical, lidar and ground data is necessary.

Lidar data can produce a range of mapped products that in many cases more accurately map
forest height, structure, and species than optical imagery alone. Our work indicated that the
combination of high-resolution multi-spectral aerial/satellite imagery with lidar is very helpful
in mapping vegetation communities as well as characterizing forest structure zones.

4. If your goal is to understand the effects of SPLATS, lidar is essential to accurately
monitor the intensity and location of SPLAT treatments.

Lidar data can effectively penetrate the forest canopy and can be used to accurately detect forest
understory changes. Our work indicated that the use of lidar-derived vegetation structure
products (e.g., canopy cover and vegetation height) significantly outperformed the aerial image
in identifying the SPLAT treatment extent and intensity.

iv) SPLAT impacts on California spotted owl and Pacific fisher

5. If your goal is to maintain existing owl and fisher territories, SPLATSs should
continue to be placed outside of owl Protected Activity Centers (PACs) and away from
fisher den sites, in locations that reduce the risk of high-severity fire occurring within or
spreading to those areas.

Spotted owl PACs contain about 310 acres (~125 ha) of the best habitat around owl nest and
roost locations, and as such, they protect the core area of use within owl territories.
Furthermore, owls have consistently used PACs for nesting and roosting over long time periods
(up to 24 years, Berigan et al. 2012). Fisher den buffers contain 700 acres (~285 ha) of the most
suitable habitat around known den sites, and reuse rates support the importance of these sites.
Thus, the U.S. Forest Service should continue its current policy that restricts timber harvest
within these sites, and PACs should remain a cornerstone of the agency’s spotted ow!
management strategy. In addition, SPLATs should be designed to limit the potential for high-
severity fire to spread into PACs and den buffers.
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6. If your goal is to maintain landscape connectivity between spotted owl territories,
SPLATS should be implemented in forests with lower canopy cover whenever possible.

Recent studies have shown that spotted owl populations in the Sierra Nevada have declined by as
much as 50% over the last 20 years (Tempel et al. 2014a). Therefore, we believe a cautious
approach is warranted regarding the placement of SPLATs with respect to existing owl habitat.
Spotted owl territory fitness and occupancy were strongly correlated with the amount of high-
canopy-cover forest within spotted owl territories (Tempel et al. 2014b), where we defined ‘high-
canopy-cover forest’ as forest dominated by trees > 12 in (30.5 cm) dbh and having > 70%
canopy cover. Thus, SPLATs should target younger forests or forests with lower canopy cover
when possible, recognizing that the ultimate objective of SPLAT placement is to significantly
modify wildfire behavior.

7. If your goal is to increase owl nest and fisher den sites, retain oaks and large
conifers within SPLAT treatments.

Fishers den exclusively in cavities, while owls nest in both cavities and platforms. Both species
consistently utilize larger diameter trees that exhibit some form of structural decay or damage,
and levels of reuse indicate that these structures may be a limiting factor. Cavities suitable for
den or nest sites may take decades to centuries to develop, therefore, it is critical not only to
protect current structures but to enhance the development of these structures over time.
Protection of these structures may take the form of retention during thinning activities as well as
raking away duff or other ground fuels during burning operations, particularly where a basal
hollow may allow ground fire access into the tree. Spotted owls will sometimes use areas without
large trees if there are suitable nest sites available and if they are adjacent to high-canopy-cover
forest.

8. If your goal is to maintain fisher habitat quality, retention of canopy cover is a
critical consideration.

SNAMP data, as well as numerous other research projects, consistently indicate that contiguous
canopy cover is an important factor in fisher habitat selection. Within the SNAMP key
watersheds, predicted fisher occupancy increased from 0.65 to 0.80 as the proportion of the
landscape with >40% canopy increased from 0.25 to 0.75. Wherever possible, SPLATs should
emphasize the reduction of surface and ladder fuels and retain dominant trees. Where high fire
risk requires canopy reduction, SPLATSs should be placed such that they provide protection for
dense canopy refuges, and canopy should be retained above 40% at the landscape scale.
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0. If your goal is to increase fisher foraging activity, limit mastication and implement
more post-mastication piling and/or burning to promote a faster recovery of the forest
floor condition.

The SNAMP fisher assessment identified a short-term reduction in fisher occupancy following
non-commercial fuel reduction, particularly mastication. This reduction is likely associated with
the loss of understory and the residual matrix of small to mid-sized woody debris scattered on
the landscape. Where feasible, post-mastication burning or some other follow-up treatment
would help promote a faster recovery of natural forest floor conditions and facilitate fisher
activity. Dispersing smaller mastication projects across the landscape, to insure that an animal
can move freely around them, could also help minimize negative impacts and retain fisher
activity in an area.

10. If your goal is to understand SPLAT effects on owl and fisher, it is necessary to
consider a larger spatial scale than firesheds.

Both wildlife teams found a limited number of animals within the original study areas at Last
Chance and Sugar Pine and thus had to expand their study areas to obtain sufficient sample
sizes (see Popescu et al. 2012). Both the owl and fisher have large home ranges relative to the
spatial scale of a fireshed, and to understand how SPLATs may affect populations of these
species (as opposed to individual animals or territories) will necessarily require study areas that
incorporate multiple firesheds.

v) SPLAT impacts on water quantity and quality

11.  If your goal is to detect increases in water yield from forest management, fuel
treatments may need to be more intensive than the SPLATSs that were implemented in
SNAMP.

Model results show that reduced vegetation density from the implementation of SPLATs may not
be enough of a vegetation change to definitively observe an increase in water yield. Fireshed
scale simulations do show small increases in precipitation being routed to the stream outlet
following treatments. The increases in water yield might not be large enough to be easily
measured and likely require a control structure grounded in bedrock for more precise
streamflow observations. The small reductions in vegetation from treatments were temporary,
with regrowth exceeding the original pre-treatment vegetation density in the first decade.
Maintaining any water yield increases from light vegetation treatments would either require
frequent application or more intensive treatments to extend water yield increases over time.
However, vegetation in the treated catchments remained at lower densities compared to
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untreated forest conditions, with the increased water yield from implementation of SPLATS
persisting relative to catchments without vegetation treatments.

12. If your goal is to maintain water quality, SPLATSs as implemented in SNAMP have
no detectable effect on turbidity.

Given that monitored water chemistry parameters (dissolved oxygen, temperature, and turbidity)
are within healthy ranges for the SNAMP watersheds, the most elevated risk to water quality in
these aquatic systems is sediment movement resulting from forest treatments. Stream turbidity
patterns indicate that in-channel erosion is the main sediment source, with accumulation and
depletion cycles tied to low and high flow periods — results similar to previous regional
monitoring. Channel bed movement patterns suggest that under stable forest conditions (no
treatment or fire), the stream channel experiences seasonal changes in storage of bed material,
but remains stable on an inter-annual basis. Increases in sediment transport from treatments
would then likely be related to increases in discharge. The post-treatment monitoring period was
completed during a second consecutive year of drier than normal conditions. Additionally, the
implemented treatments were light and located a significant distance from stream channels, in
accordance with standard forest practices. These treatments were not intensive enough to
produce an increase in discharge during the low precipitation year and show that SPLATS as
implemented in SNAMP had no detectable effect on turbidity when followed by dry conditions.

vi) Stakeholder participation in SPLAT implementation and assessment

13. If your goal is to increase acceptance of fuel treatments, employ outreach techniques
that include transparency, shared learning, and inclusiveness that lead to relationship
building and the ability to work together.

Throughout the literature, across other projects, and in SNAMP, transparency, shared learning,
and inclusiveness have been found to be critical for building relationships that can lead to
collaboration. A collaborative atmosphere is needed before conflicts about fuel treatments can
be discussed and their efficacy tested effectively enough to promote acceptance. Our results
show that, in SNAMP, the many and varied outreach activities where participants learned
together in an inclusive and transparent setting ultimately contributed to improved relationships
even between those traditionally opposed to each other. In this context, the acceptability of fuels
treatments by groups was tested, thoroughly viewed and discussed by participants, and
ultimately preferred as a management strategy by most SNAMP participants. Through the
increased engagement with Forest Service District Rangers and other staff, our data show a
dramatic increase in learning and understanding about the Forest Service and its constraints.
This could help improve collaboration with the agency going forward, as long as the agency
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continues a strong effort to interact sincerely and transparently with the public. As has been
found in the literature, facilitation was key to making it work, as was reaching out to people in
different walks of life; holding a meeting and expecting people to show up was not enough.
Participation Team personnel lived in local communities and brought information to meetings
convened in local communities, including those of Boards of Supervisors, local environmental
groups, and locally important natural resource industries. Finally, emphasis needs to be on
multi-directional learning: stakeholders, including scientists and Forest Service managers, learn
from other stakeholders. Even in a “top down” agency-initiated process like SNAMP, emphasis
on shared learning helped build social capital and the ability to work together.

14. If your goal is the increased acceptance of fuel treatments, the public needs to
understand the tradeoffs between the impacts of treatments and wildfire.

In SNAMP, participants differentiated between short and long term impacts of treatments and
fire, and much of the UC Science Team’s work attempted to address these details. This deep level
of learning and discussion was needed for participants to consider the tradeoffs that are part of
forest management. Face-to-face meetings with scientists were an important part of helping the
public learn about the effects of treatments, and helping the scientists appreciate the concerns
and interests of the other stakeholders. Scientists were available to answer questions from the
public through multiple channels: annual meetings, integration meetings, and the interactive
website. Field trips were especially important, both in building relationships and understanding
what occurred on the ground. Integration meetings allowed small groups of stakeholders to
focus on a particular aspect of the project to discuss findings and their implications in-depth.
SNAMP personnel living in the local communities were also available to stakeholders on a
regular basis to answer questions, and to learn from the communities and the agency. Overall,
within the adaptive management model, it is important to emphasize stakeholder learning and
participation whenever possible through all aspects of the process, from the selection of foci for
scientific investigation to the interpretation of results.

vii) Successful collaborative adaptive management processes

15. If your goal is to establish a third party adaptive management project with an
outside science provider, the project also needs to include an outreach component.

A third party science perspective is often sought in controversial resource management matters
where there is not only a lack of knowledge (hence the need for scientific investigation) but also
a shortage of trust (hence the need for a third party). This third party information can help to
support the mutual learning component of adaptive management. At the onset of SNAMP, the
investment in outreach was recognized as a priority. At the conclusion of SNAMP, the investment
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in public participation via the UC Cooperative Extension proved invaluable. Thus, a specific
commitment of staffing and resources to extend the insights from the third party to all
participants is essential to the success of a third party adaptive management project.

16.  If your goal is to develop an engaged and informed public, you need to have a
diverse portfolio of outreach methods that includes face to face meetings, surveys, field
trips, and web-based information.

Segments of the public differ in their proximity, understanding of issues, and ability to
participate in national forest management. To involve the broadest segment of the public in
SNAMP, the broadest methods of participation were used. These included outreach events that
allowed people to participate occasionally or regularly, and methods that accommodated
participation both locally and from afar (through web technologies such as hosting a
comprehensive website, producing webinars, and webcasting meetings).

17. If your goal is to understand or improve outreach effectiveness, track production,
flow, and use of information.

Some of the factors that can contribute to the success of collaborative adaptive management —
such as social learning, open communication, and trust - are built upon a foundation of the open
exchange of information about science and management between participants and the public.
Currently, there exist opportunities to develop strategies for increasing the exchange of
information, as well as to track information flow in such contexts. We recommend what we used
in SNAMP: a mixed methods (citation analysis, web analytics, and content analysis) approach
borrowed from the information processing and management field to track and facilitate the flow
and use of digital information. We archived meeting notes, attendance, publication records,
website statistics, and other SNAMP outputs throughout the life of the project. Analysis of these
data sources showed SNAMP facilitated a dramatic transfer of scientific knowledge.

18. If your goal is to engage in collaborative adaptive management at a meaningful
management scale, secure reliable long term sources of funding.

Forest management decisions often address processes at spatial and temporal scales that
challenge empirical efforts to gain new knowledge. Thus, management-relevant science requires
long term funding that acknowledges the move towards a landscape-based approach, the
uncertainty in operational schedules associated with implementing treatments, and the
consequences of delays and funding reductions on project outcomes. The SNAMP workplan
never made provisions for "closing the adaptive management loop" by tracking the use of the
new information to revise management actions as needed after the assessment was finished. This
omission was noted at the onset, but extending SNAMP to “close the loop” would have extended
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the project beyond what was deemed feasible to fund. Thus, a key recommendation from SNAMP
is to secure the long term funding required to accommodate delays and complete the adaptive
management cycle at the outset.

19. If your goal is to maintain a successful long-term collaborative adaptive
management process, establish long-term relationships with key people in relevant
stakeholder groups and funding agencies.

Consistency and inclusivity in participants are important goals. The principle that all interested
parties could join the collaboration at any time was important in the SNAMP process. New
participants add viewpoints and information as well as broaden the group that will learn from
and participate in the project. The SNAMP website provided extensive background and
historical information of use to these new stakeholders, making it easier for new participants to
catch up. On the other hand, consistency is crucial from funding agency contacts and science
providers as well as lead stakeholders. In general, there was little turnover on the UC Science
Team, a bit of change within the participant groups, and a lot of new faces within the
Memorandum of Understanding (MOU) Partner contacts over the 10 years of the project.
SNAMP struggled, more than once, with funding constraints. Turnover in agency leadership, as
well as in administrative or accounting staff, intensified the difficulty of these funding crises.
Multi-year projects such as SNAMP need champions within the participating agencies in order
for the projects to maintain internal interest and funding. During these fiscal crises, the lead
nonprofit stakeholders came to the defense of the project and strongly encouraged the agencies
to continue funding. A strong commitment to the project from long term stakeholders was
necessary to continue the project.

Section 2: Looking forward - Integrated management recommendations based on expert
opinion of the UC Science Team

i) Implementation of SPLATS

20. If your goal is to maximize the value of SPLATS, complete treatment
implementation, especially the reduction of surface fuels.

Fuels can be divided into four classes: ground, surface, ladder, and crown. Ground fuels are the
decomposing organic layer on the soil surface and do not contribute to fireline intensity or fire
spread. Surface fuels are the dead and down woody materials, grasses, forbs, and small shrubs
that contribute to flaming combustion and the potential for crown fire. They are therefore the
most important fuel class when reducing fire hazards in forests. Ladder fuels are small trees and
tall shrubs that can provide vertical fuel continuity to move a fire from the surface to tree
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crowns, they are the 2nd most important fuel layer regarding fire hazards in forests. Crown fuels
are those in the overstory and do not contribute a large portion of fire hazards in California
forests. Effective forest fuel treatments will therefore target surface and ladder fuels.

21.  If your goal is to efficiently reduce fire behavior and effects, SPLATSs need to be
strategically placed on the landscape.

To efficiently reduce fire behavior and effects, fuel treatments need to be strategically placed on
the landscape (the first letter in SPLAT stands for strategic). There are many ways that the
placement of fuel treatments can occur in forests: near roads that have good fire suppression
access, near the urban-wildland interface to protect people and homes, on gentle slopes that
machines can safely operate on, between patches of important late-seral habitat, and in areas
with an excessive density of shade tolerant species such as white fir. While all of these are sound
reasons to install fuels treatments, none of them addresses the topology of fire and therefore
would not lead to a strategic treatment placement. Placement of fuel treatments for the above
reasons would be classified as random, and approximately 50% of the landscape would need to
be treated to reduce fire behavior and effects. In contrast, if approximately 20% of an area
received a strategic placement of fuel treatments it would perform similarly to the 50% randomly
placed system. It is possible to exclude some parts of a landscape for consideration in the

strategic placement of fuel treatments, but when this becomes excessive it is not possible to
produce a SPLAT design.

22. If your goal is to improve SPLAT effectiveness, increase heterogeneity within
treatment type and across the SPLAT network.

Reduction of surface and ladder fuels will reduce fire hazards in mixed conifer and ponderosa
pine forests. Restoration focuses on re-establishing the composition, structure, pattern, and
ecological processes necessary to facilitate ecosystem sustainability, resilience, and health under
current and future conditions. One way a SPLAT network can be designed to incorporate
restoration objectives is to increase heterogeneity of treatment areas. Creating treatment areas
that includes clumps of trees, individual trees, and openings will increase resiliency and provide
diverse habitats. Fires interacting with this type of structure will produce mixed effects including
the mortality of trees, but forests in these areas will still be conserved into the future. Allowing
some forested areas with high hazards (high canopy cover, high snag, and large woody debris)
within a matrix of low to moderate hazards from installed SPLATs may conserve forest
ecosystems into the future.
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ii) Forest ecosystem restoration

23. If your goal is to restore Sierra Nevada forest ecosystems and improve forest
resilience to fire, SPLATSs can be used as initial entry, but fire needs to be reintroduced into
the system or allowed to occur as a natural process (e.g., managed fire).

Installing an initial SPLAT network (as the Forest Service did in the SNAMP treatment
firesheds) will reduce potential fire behavior and effects when the landscape eventually burns.
SPLATs can also be used to anchor managed wildfire or large scale prescribed burning
operations in a fireshed (North et al. 2012). A SPLAT network would moderate fire effects
during burning, and this should result in increased forest resilience to fire. Allowing fire to
return to these ecosystems as a natural process is a critical objective for the long term
sustainability of forests.

24. If your goal is to manage the forest for long-term sustainability, you need to
consider the pervasive impacts of climate change on wildfire, forest ecosystem health, and
water yield.

Climate change is already increasing temperatures and reducing the period when snow is on the
forest floor in Sierra Nevada forests; these changes will increase the incidence of fire throughout
the range. Droughts will increase the populations of native tree-killing insects such as bark
beetles, and they could have a massive impact on large, old trees. Development of landscape
strategies that increase the resiliency of forests to these expected disturbances is critical.
SPLATs are a good first step in this journey. Once areas have received SPLATSs, moving some of
these landscapes (unroaded, remote) to a lightning fire maintenance regime may be appropriate.
The spatial scale of the restoration work needed in the Sierra Nevada is immense. One big
operational challenge is how to balance the need for new treatments versus maintenance of
existing treatments. Moving some areas that have received SPLAT treatments to lightning fire
maintenance would allow managers to continue to treat new additional areas. Since we know
that forest ecosystems are dynamic, this journey never ends. Continued use of managed fire,
prescribed fire, and mechanical treatments will be necessary for the conservation of the
ecosystems of the Sierra Nevada. There is no alternative.
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iii) Management impacts on California spotted owl and Pacific fisher

25. If your goal is to enhance landscape habitat condition for owl and fisher, hazard
tree removal of large trees should be carefully justified before removing.

Large trees create cooler microclimates within stands that may benefit spotted owls, and large
trees also increase the suitability of intermediate-aged forests for both spotted owls and fisher.
These residual trees may allow owls to use intermediate-aged forests for nesting and roosting
when they otherwise only use them as foraging habitat. Similarly, fishers frequently use these
remnant trees as rest sites in the midst of more intermediate-aged stands.

26. If your goal is to minimize the effects of SPLATS on fisher, SPLAT treatments
should be dispersed through space and time.

SPLATs do represent a short-term loss in habitat quality for fishers. Therefore, these costs need
to be dispersed in space and time, such that there is not a concentrated reduction in habitat
quality in one particular area. SNAMP data indicate that forest restoration / fuel reduction
management does reduce fisher occupancy in the short term, with a 47% reduction in occupancy
following treatment. However, there was no multi-season impact on the population, indicating
that fishers remained in the surrounding area. This is likely due to the fact that fishers have large
home ranges, and because the overall percentage of a territory treated at any given time is small
(<2% per year), they are able to move around treated areas and remain viable. Furthermore,
evidence indicates that treated landscapes become suitable for use again in 5-25 years,
depending on the treatment applied. Concentrations of SPLATs in space or time could risk
limiting this movement and landscape recovery, while dispersing them helps retain local
occupancy.

iv) Management impacts on water quantity and quality

27. If your goal is to optimize water management, consider the range of potential
fluctuations in precipitation and temperature.

Even during the short SNAMP study period, precipitation conditions ranged from some of the
wettest conditions on record to some of the driest. The response of the hydrologic system to
forest management will depend on the specific precipitation patterns exhibited, from a lack of
response due to light thinning and low precipitation to a strongly significant response after
intensive treatments and high precipitation. When determining if measureable changes in water
yield will occur in response to reducing vegetation density, the monitoring period should be of
appropriate length to include a range of precipitation conditions. This study was successful in
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the range of annual precipitation during the pre-treatment period, but only low precipitation
years have followed SPLAT implementation. Although this study did not specifically address
climate change, regional studies suggest that warmer conditions expected through the end of the
century will result in more rain, smaller snowpack storage, and longer growing seasons, leading
to higher evapotranspiration loss and lower annual water yield.

v) Successful collaborative adaptive management processes

28. If your goal is to implement collaborative adaptive management, commit enough
time, energy, and training of key staff to complete the adaptive management cycle.

Vital elements to whatever collaborative approach is used include clarification of roles,
relationships, and responsibilities for each of the participants in the collaborative effort,
development of an explicit decision-making process including a fall-back strategy if decisions
cannot be agreed on, and clear definition of the relationship between the group and decision
making authority to avoid false expectations. Agencies committing to carry out collaboration
should be prepared to commit the staff time and resources to the effort. Staff engaged in
collaborative efforts and all participants should receive some fundamental training in effective
meeting management and how to practice facilitative behaviors during meetings. Collaboration
takes funding, time, effort, and enduring dedication to the process.

29. The role of a third party science provider for an adaptive management program can
be realized in a variety of ways.

As a third party science provider, UC Science Team scientists communicated directly with
stakeholders as well as the MOU Partners and Forest Service managers. Monitoring and
management impact assessment from a source independent of the entity responsible for
management is similar to having an independent auditor review the books of a company, and we
hypothesize it can increase stakeholder confidence in the information. SNAMP data suggest that
stakeholders appreciated this in SNAMP. However, it can be costly. This role could be fulfilled
at least partially in other ways, for example, by involving stakeholders in monitoring processes
as part of joint monitoring programs, or involving a third agency or group with a reputation for
neutrality and no regulatory authority to conduct monitoring and/or research. For example, the
Natural Resources Conservation Service is now conducting monitoring for the Bureau of Land
Management in some areas. At the least, research and monitoring should be transparent to
stakeholders. On public lands today, the public needs to be brought along with management
decisions, and part of that is understanding and feeling confident about the results of research
and monitoring.
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30. If the goal is to implement adaptive management, managers must adopt clear
definitions and guidelines for how new information will be generated, shared, and used to
revise subsequent management as needed.

Adaptive management, as a concept, has many different definitions. To implement adaptive
management, agencies must adopt, for each project at the outset, a clear operational definition
and process guidelines for all aspects of the adaptive management cycle. It is important to
clarify what information is being developed and how it will be considered in future management
decisions. Clear record keeping of what was actually implemented on the ground and the
outcomes are essential to success. It is important to document, track, and monitor how
information is used in the next management cycle in a public and transparent manner.

31. If your goal is to increase forest health in the Sierra Nevada, we now know enough
to operationalize some of the aspects of SNAMP more broadly.

SNAMP and other landscape-scale projects in the Sierra Nevada have demonstrated how to
reduce fire hazards and increase forest health. Increasing the spatial heterogeneity of treated
areas will also provide important restoration objectives. With this information, it is desirable to
operationalize these treatments across the larger Sierra Nevada landscape. There is currently a
great need for forest restoration and fire hazard reduction treatments to be implemented at large
spatial scales in the Sierra Nevada. The next 1-3 decades are a critical period: after this time it
may be very difficult to influence the character of Sierra Nevada forests, especially old forest
characteristics.
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Chapter 6. EXECUTIVE SUMMARIES OF TEAM RESOURCE-SPECIFIC
FINDINGS

Note: this chapter is in draft form, awaiting the final version of the Water Team chapter
Introduction

This chapter compiles the executive summaries from all the individual team chapters
(Appendices A-F), including each team’s resource-specific findings and management

recommendations.

Fire and Forest Ecosystem Health

The 2004 Amendment to the Sierra Nevada Forest Plan identified a coordinated system
of fuel treatments distributed across the landscape as the preferred management alternative. The
goals of this approach, defined as strategically placed land area treatments (SPLATS), were to
modify dangerous fire behavior and improve forest health in the National Forests in the Sierra
Nevada region of California. The 2004 amendment also introduced the concept of fireshed
management. Firesheds are analogous to watersheds in concept, but are topographic units based
on the behavior of a problem fire — a fire that has the greatest potential impact based on the local
topography, weather, and fire history. We tested the performance of SPLATS as designed and
implemented by US Forest Service in two firesheds, Last Chance in the Tahoe National Forest
and Sugar Pine in the Sierra National Forest. We conducted detailed field measurements before
and after treatments in order to quantify changes in forest structure and fuel loads resulting from
SPLATS. To account for potential changes unrelated to forest management, a control fireshed
was paired with the treated fireshed at each site. Data from the field measurements were used to
parameterize fire and forest growth models. These models were then used to simulate wildfire
effects on fire behavior and to explore the responses of tree growth efficiency (a measure of tree
vigor) to the treatments. At Last Chance, fuel treatments distributed across 18% of the landscape
reduced the percentage of the forest exposed to damaging flame lengths from 33% (no SPLATS)
to 22% (with SPLATS). The impact of SPLATS on fire behavior was less at Sugar Pine. Fire
simulations for Sugar Pine showed that SPLATs completed on 29% of the area, reduced
exposure to damaging flame lengths from 29% of the landscape to 25% — a minimal decline of 4

percentage points. In contrast, trees in the treated fireshed at Sugar Pine nearly doubled their
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growth efficiency in the ten years following SPLATSs while there were only minor improvements
in growth efficiency following treatments at Last Chance. This dichotomy in the response to
SPLATSs was related to differences in the extent and intensity of the treatments applied at the two
sites as well as ecological and land use variations. The treated fireshed at Sugar Pine supported a
mixed conifer forest that was more crowded with bigger trees but exposed to a lower initial fire
hazard. Nevertheless, in aggregate our results support the promise of SPLATSs. Coordinated
treatments across part of the landscape can help minimize the hazards posed by severe fires and

at the same time meet forest health objectives.

Spatial

The SNAMP Spatial Team was formed to provide support for the other SNAMP science
teams through spatial data acquisition and analysis. The objectives of the SNAMP Spatial Team
were: (1) to provide base spatial data; (2) to create quality and accurate mapped products of use
to other SNAMP science teams; (3) to explore and develop novel algorithms and methods for
Lidar data analysis; and (4) to contribute to science and technology outreach involving mapping
and Lidar analysis for SNAMP participants. The SNAMP Spatial Team has focused on the use of
Lidar — Light Detection and Ranging, an active remote sensing technology that has the ability to

map forest structure.

Lidar data were collected for Sugar Pine (117km?) in September 2007 (pre-treatment),
and Nov 2012 (post-treatment); and for Last Chance (107km?) on September 2008 (pre-
treatment) and November 2012 and August 2013 (post-treatment). Field data were collected at
each site according to an augmented protocol based on the Fire and Forest Ecosystem Health
(FFEH) Team plot method. From the Lidar data, field data and aerial imagery (for some of the
products), a range of map products were created, including: canopy height model, digital surface
model and digital terrain model; topographic products (digital elevation model, slope, aspect);
forest structure products (mean height, max height, diameter at breast height (DBH), height to
live canopy base (HTLCB), canopy cover, leaf area index (LAI), and map of individual trees);

fire behavior modeling products (max canopy height, mean canopy height, canopy cover, canopy
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base height, canopy bulk density, basal area, shrub cover, shrub height, combined fuel loads, and
fuel bed depth), as well as a map of individual trees, and a detailed vegetation map of each site.
Lidar data have been used successfully in the SNAMP project in a number of ways: to capture
forest structure; to map individual trees in forests and critical wildlife habitat characteristics; to
predict forest volume and biomass; to develop inputs for forest fire behavior modeling, and to
map forest topography. The SNAMP Spatial Team also explored several avenues of research
with Lidar data that resulted in eleven peer-reviewed publications, listed in Appendix B2. Our

research has been significant over a range of areas.

Technical advances from the SNAMP Spatial Team

In a comprehensive evaluation of interpolation methods, we found simple interpolation
models are more efficient and faster in creating DEMs from Lidar data, but more complex
interpolation models are more accurate, and slower (Guo et al. 2010 SNAMP Publication #4).
The Lidar point cloud (as distinct from the canopy height model) can be mined to identify and
map key ecological components of the forest. For example, we mapped individual trees with
high accuracy in complex forests (Li et al. 2012 SNAMP Publication #6 and Jakubowski et al.
2013c SNAMP Publication #24), and downed logs on the forest floor (Blanchard et al. 2011
SNAMP Publication #7). We investigated the critical tradeoffs between Lidar density and
accuracy and found that low-density Lidar data may be capable of estimating plot-level forest
structure metrics reliably in some situations, but canopy cover, tree density and shrub cover were

more sensitive to changes in pulse density (Jakubowski et al. 2013b SNAMP Publication #18).

Lidar data used to map wildlife habitat

Lidar can be used to map elements of the forest that are critical for wildlife species. We
used our data to map large residual trees and canopy cover — two key elements of forests used by
California spotted owl (Strix occidentalis occidentalis) for nesting habitat (Garcia-Feced et al.
2012 SNAMP Publication #5). Lidar also proved useful for characterizing the forest habitat
conditions surrounding trees and snags used by the Pacific fisher (Pekania [Martes] pennanti)
for denning activity. Large trees and snags used by fishers as denning structures were associated

with forested areas with relatively high canopy cover, large trees, and high levels of vertical
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structural diversity. Den structures were also located on steeper slopes, potentially associated

with drainages with streams or access to water (Zhao et al. 2012b SNAMP Publication #16).

Lidar products used in fire behavior modeling

Forest fire behavior models need a variety of spatial data layers in order to accurately
predict forest fire behavior, including elevation, slope, aspect, canopy height, canopy cover,
crown base height, crown bulk density, as well as a layer describing the types of fuel found in the
forest (called the “fuel model”). These spatial data layers are not often developed using Lidar
(light detection and ranging) data for this purpose (fire ecologists typically use field-sampled
data), and so we explored the use of Lidar data to describe each of the forest-related variables.
We found that stand structure metrics (canopy height, canopy cover, shrub cover, etc.) can be
mapped with Lidar data, although the accuracy of the product decreases with canopy penetration.
General fuel types, important for fire behavior modeling, were predicted well with Lidar, but
specific fuel types were not predicted well with Lidar (Jakubowski et al. 2013a SNAMP
Publication #13).

Use of Lidar for biomass estimation

Accurate estimation of forest above ground biomass (AGB) (all aboveground vegetation
components including leaves/needles) has become increasingly important for a wide range of
end-users. Lidar data can be used to map biomass in forests. However, the availability of, and
uncertainty in, allometric equations used to estimate tree volume influences the accuracy with
which Lidar data can predict biomass from Lidar-derived volume metrics (Zhao et al. 2012a
SNAMP Publication #14). Many Lidar metrics, including those derived from individual tree
mapping are useful in estimating biomass volume. We found that biomass can be accurately
estimated with regression equations that include tree crown volume and that include an explicit
understanding of the overlapping nature of tree crowns (Tao et al. 2014 SNAMP Publication
#29). Satellite remote sensing has provided abundant observations to monitor forest coverage.
Validation of coarse-resolution above ground biomass derived from satellite observations is
difficult because of the scale mismatch between the footprints of satellite observations and field

measurements. Lidar data when fused with course scale, fine temporal resolution imagery such
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as MODIS, can be used to estimate regional scale above ground forest biomass (Li et al. 2015

SNAMP Publication #37).

Management implications

Our work has several management implications. Lidar will continue to play an
increasingly important role for forest managers interested in mapping forests at fine detail.
Understanding the structure of forests — tree density, volume and height characteristics - is
critical for management, fire prediction, biomass estimation, and wildlife assessment. Optical
remote sensors such as Landsat, despite their synoptic and timely views, do not provide
sufficiently detailed depictions of forest structure for all forest management needs. We provide

management implications in four areas:

1. Lidar maps and products

e Lidar data can produce a range of mapped product that in many cases more accurately map
forest height, structure and species than optical imagery alone.

e Lidar software packages are not yet as easy to use as the typical desktop GIS software.

e There are known limitations with the use of discrete Lidar for forest mapping - in particular,
smaller trees and understory are difficult to map reliably.

e Discrete Lidar can be used to map the extent of forest fuel treatments; treatment methods
cannot be detected using discrete Lidar, but waveform Lidar might be alternative choice to

map understory change.

2. Wildlife

e Lidar is an effective tool for mapping important forest habitat variables — such as individual
trees, tree sizes, and canopy cover - for sensitive species.

e Lidar will increasingly be used by wildlife managers, but there remain numerous technical
and software barriers to widespread adoption. Efforts are still needed to link Lidar data,
metrics and products to measures more commonly used by managers such as CWHR habitat

classes.
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3. Fire behavior modeling
e Lidar data are not yet operationally included into common fire behavior models, and more

work should be done to understand error and uncertainty produced by Lidar analysis.

4. Forest management

e There is a trade-off between detail, coverage and cost with Lidar. The accurate identification
and quantification of individual trees from discrete Lidar pulses typically requires high-
density data. Standard plot-level metrics such as tree height, canopy cover, and some fuel
measures can reliably be derived from less dense Lidar data.

e Standard Lidar products do not yet operationally meet the requirements of many US forest
managers who need detailed measures of forest structure that include understanding of forest
heterogeneity, and understanding of forest change. More work is needed to translate between
the remote sensing community and the forest management community in some areas of the
US to ensure that Lidar products are useful to and used by forest managers.

e The fusion of hyperspectral imagery with Lidar data may be very useful to create detailed

and accurate forest species maps.

The future of Lidar for forest applications will depend on a number of considerations. These
include: 1) costs, which have been declining; 2) new developments to address limitations with
discrete Lidar, such as the use of waveform data; 3) new analytical methods and more easy-to-
use software to deal with increasing data sizes, particularly with regard to Lidar and optical
imagery fusion; and 4) the ability to train forest managers and scientists in Lidar data workflow

and appropriate software.
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Wildlife: California Spotted Owl

We conducted a two-part analysis to assess the effects of SPLATs on California spotted
owls (Strix occidentalis occidentalis). First, we performed a retrospective analysis using 20
years of demographic data collected at 74 spotted owl territories that included the Last Chance
Study Area (LCSA) and the nearby Eldorado Study Area (ESA). This approach deviated from
our original plan to directly estimate the effects of SPLATSs on spotted owls at Last Chance using
a Before-After Control-Impact experimental design, similar to the approach used by some of the

other SNAMP Science Teams. The revised approach was necessary because too few owls were
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present on the LCSA and the delay in implementing the Last Chance fuels-reduction project
resulted in only one year of post-treatment data collection. As a result, we needed to spatially
and temporally expand the retrospective analysis to achieve sufficient power to detect changes in
owl demographic parameters (Popescu et al. 2012). The drawback to our revised approach was
that we could no longer specifically estimate the effects of SPLATs on owls because many
different types of timber harvest, as well as wildfire and forest succession, occurred within owl
territories during our study period (1993-2012). Second, we performed a prospective analysis
(30 years into the future) of the effects of SPLATs and wildfire on spotted owl habitat and
demography within the LCSA only. This analysis represented our integration effort with the
research conducted by the Fire and Forest Ecosystem Health [FFEH] and Spatial teams.

The retrospective analysis has been published in a peer-reviewed journal (Tempel et al.
2014), and we have reproduced this paper in the first section of this appendix. We assessed the
effects of forest conditions, timber harvest, and wildfire on spotted owl reproduction, non-
juvenile survival, and territory occupancy using the previously mentioned 20-year data set. All
habitat and timber harvest variables that we extracted from our vegetation maps were time-
varying and could change annually because of natural disturbance, timber harvest, or regrowth.
We categorized timber harvest into three broad categories for analytical purposes—Ilow-
intensity, medium-intensity, and high-intensity. The classification scheme was based on the
expected change in forest structure and was developed after consultation with three local forest
managers who were naive to the objectives of our study. SPLATSs and other U.S. Forest Service
treatments conducted prior to the adoption of SPLATs were considered to be medium-intensity
harvests. Adult survival and territory colonization were relatively high, while territory extinction
was relatively low, in territories that had greater amounts of high-canopy-cover forest (>70%
canopy cover, dominated by trees >12” [30.5 cm] diameter at breast height). Reproductive
success was negatively associated with the area of medium-intensity timber harvests
characteristic of SPLATs. Our results also suggested that the amount of edge between older
forests and shrub/sapling vegetation and increased habitat heterogeneity may result in higher
spotted owl demographic rates. We found some evidence that high-severity fire was correlated
with a reduced likelihood of territory colonization, but the standard error was unestimable for the

parameter coefficient, suggesting that we lacked a sufficient sample size of burned territories to
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draw definitive conclusions. Despite correlations between owl demographic rates and several
habitat variables, life-stage simulation (sensitivity) analyses indicated that the amount of high-
canopy forest was the primary driver of population growth and equilibrium occupancy at the
territory scale. Greater than 90% of medium-intensity harvests converted high-canopy forests
into lower-canopy vegetation classes, suggesting that landscape-scale fuel treatments in such
stands could have short-term negative impacts on California spotted owl populations. Moreover,
high-canopy forests declined by an average of 7.4% across territories during our study,
suggesting that habitat loss could have contributed to declines in abundance and territory
occupancy detected in a previous study of this population. Thus, we recommend that managers
consider the existing amount and spatial distribution of high-canopy-cover forest before
implementing SPLATSs and that SPLATSs be accompanied by a rigorous monitoring program

within an adaptive management framework.

We present the prospective analysis in the second section of this appendix. For this
analysis, the FFEH Team simulated forest growth 30 years into the future under four
combinations of modeled wildfire and treatment (i.e., Last Chance fuels-reduction project):
treated with fire, untreated with fire, treated without fire, and untreated without fire. We
compared spotted owl habitat on the LCSA under the four scenarios using a habitat suitability
index developed from canopy cover and large-tree measurements at nest sites on the ESA. In
addition, we compared population growth rate and equilibrium occupancy at four spotted owl
territories within the LCSA for each scenario using the statistical relationships between forest
structure and these population parameters that we developed in the retrospective analysis. We
found that effects of fuels treatments were contingent on fire occurrence. Treatments had a
positive effect on owl nesting habitat and demographic rates up to 30 years after simulated fire,
but they had a persistently negative effect throughout the 30-year period in the absence of fire.
We conclude that SPLATs may provide long-term benefits to spotted owls if fire occurs under
escaped wildfire conditions, but can have long-term negative effects on owls if fire does not
occur. However, we only simulated one fire under the treated and untreated scenarios and
therefore had no measures of associated uncertainty. In addition, the net benefits of fuels
treatments on spotted owl habitat and demography will depend on the future probability that fire

will occur under similar weather and ignition conditions, and such probabilities remain difficult
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to quantify. Therefore, we recommend adopting a landscape approach that restricts timber
harvest within territory core areas of use (~125 ha in size) that contain critical owl nesting and
roosting habitat (Berigan et al. 2012) and locates fuels treatments in the surrounding areas to

reduce the potential for hazardous fire to spread into PACs.

Berigan, W. J., R. J. Gutiérrez, and D. J. Tempel. 2012. Evaluating the efficacy of protected
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Forestry 110:299-303.
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via dynamic occupancy analysis of Before—A fter Control-Impact studies. Ecological
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Tempel, D. J., R. J. Gutiérrez, S. A. Whitmore, M. J. Reetz, R. E. Stoelting, W. J. Berigan, M. E.
Seamans, and M. Z. Peery. 2014. Effects of forest management on California spotted

owls: implications for reducing wildfire risk in fire-prone forests. Ecological
Applications 24:2089-2106.

Wildlife: Pacific Fisher

Fishers (Pekania pennanti) are a medium-sized mammalian carnivore with a pre-
European distribution encompassing the boreal forest zone of Canada, the Great Lakes region
and northeastern United States, a relatively limited portion of the Rocky Mountains in the United
States, and mountainous areas of Washington, Oregon, and California, USA (Powell 1993).
Ecologically, fishers are a mature or old forest-obligate species (Zielinski et al. 2005), and in
central to eastern Canada and the northeastern United States their numbers were reduced
historically by the combination of intensive trapping and loss of forest habitats (Powell 1993,
Powell and Zielinski 1994). The species is uncommon to rare in the western United States. It is
listed as a sensitive species by the Oregon Department of Fish and Wildlife and endangered by
Washington State. In July 2015, the California Fish and Game Commission voted to list the
southern Sierra Nevada fisher population as threatened, and the species is currently a candidate
for listing under the US Endangered Species Act. In advance of federal and state listing
decisions, conservation planning has been underway in California since 2013 to develop an
approach to maintaining viable populations of fishers in both northwestern California and in the

southern Sierra Nevada. Information from the SNAMP Fisher Project (published manuscripts,
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submitted manuscripts, and unpublished data) described herein has been included in a Southern
Sierra Nevada Fisher Conservation Assessment developed by the Conservation Biology Institute,

with input from a team of 13 fisher researchers and scientists.

The SNAMP Fisher Project was initiated by the UC Science Team in fall 2007, in
association with multiple other SNAMP research programs, to provide an independent evaluation
of how vegetation management, prescribed by the 2004 Sierra Nevada Forest Plan Amendment,
affects fire risk, wildlife, forest health and water. A major goal of the SNAMP Fisher Project
was to determine whether current rates of survival and reproduction will allow fishers to persist
in the Sierra Nevada in the context of active forest management to reduce fuels and the risk of
catastrophic wildfire. Our approach for assessing how fishers would respond to Strategically
Placed Landscape Area Treatments (SPLATSs) was designed to be multifaceted including (1) life
history responses to fuels reduction (changes in survival, reproduction/fecundity, lifespan), (2)
changes in local scale habitat use within individual home ranges, and (3) shifts or changes in

habitat use at the home range scale of animal resource use/resource selection.

A range of standard methods were used in the study to live-trap, radiocollar and monitor
survival status of individual fishers. Monitoring was accomplished almost entirely by fixed-
wing aerial radiotelemetry, supported by an “in house” aviation program developed specifically
for SNAMP Fisher and administered by the Forest Service. Ground-based radiotelemetry was
used to monitor female fishers during denning seasons, and to recover carcasses of deceased
fishers. Cameras were systematically placed throughout the study area at the center points of 1-
km? grid cells. Grid cells within the SNAMP study area and the key watershed region were
surveyed annually, while grid cells outside these areas were surveyed opportunistically. We used
the camera survey data to support an occupancy analysis, investigating the impacts of different

forest management actions on fisher occupancy, persistence, and extinction.

A total 110 individual fishers were captured and radiocollared from Dec 2007 to Dec
2013 (62 females, 48 males). Sixty-six (60%) of the 110 individual fishers radiocollared during
the study were known to have died, including 32 females and 34 males. On average 10.5

radiocollared fishers died in each population year over the course of the study, and the most
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common cause of death was predation by felid carnivores (bobcats, Lynx rufus, and mountain
lions, Puma concolor). Two radiocollared fisher deaths were roadkills on Highway 41, and five
others were directly linked to anticoagulant rodenticides being used in association with illegal

marijuana grow sites in the Sierra National Forest.

Seventy-six (85%) breeding-age female fishers either exhibited denning behavior (n =
63) or were determined to have denned and weaned at least 1 kit. Among the 76 breeding-age
females that initiated denning, 64 (84%) were identified as weaning kits. Overall, 72% of adult
female fishers for which reproductive status was known produced at least 1 weaned kit. We
were able to determine litter size for 48 of 59 denning females. A total of 73 kits were known

produced, with an average litter size of 1.5.

Fisher population sizes ranged from 48 in 2010 to 62 in 2012, whereas mean population
density ranged between 0.072 fishers/km” in 2010 and 0.093 fishers/km? in 2012. Lambda
across all years was 0.90, which was suggestive of general population decline, however, the

annual and cumulative 95% confidence intervals all overlapped with 1.0.

Camera surveys were completed in 905 unique 1-km? grid cells throughout the overall
study area, including 56 grid cells within the southern region of Yosemite National Park. Fishers
were detected in 448 of the unique grid cells surveyed, which helped to identify that fishers in
this part of the southern Sierra Nevada were most common between 4500 and 6500 feet
elevation (1372 and 1981 m elevation). Occupancy estimates for multi-year surveyed grid cells

corrected for imperfect detection < 1.0 ranged from 0.62 to 0.80.

Occupancy modelling indicated that fishers reduced their use of forest patches exposed to
higher levels of restorative fuel reduction; i.e. persistence of occupancy declined with additional
acreage treated for fire resiliency. However, neither restorative nor extractive (i.e., commercial
thinning) fuel reduction was related to either initial probability of occupancy or local extinction.
We found that SPLATS caused an immediate 6% reduction in potential fisher habitat. However,
they also moderated the impact of fire, resulting in greater available fisher habitat within 30

years. In the absence of simulated fire, the amount of habitat steadily increased over time due to
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forest succession, and was actually slightly greater on the treated landscape in year 30 than in

year 0.

The combination of an overall negative population growth rate and the relatively small
abundance estimate (n = 93, range 80-107), warrants concern for the long term viability of the
fishers in the region. Any small population will be at high risk to stochastic events such as
disease and large perturbations to critical habitats (e.g., forest fires or drought; Noss et al. 2006),
and genetic limitation resulting from genetic drift after founder events (Tucker et al. 2014) will
hinder population recovery and expansion (Reed et al. 2003). Minimum viable population size
has been under debate (Shoemaker et al. 2013, Reed and McCoy 2014), but at <500 individuals
(Spencer et al. 2015), the current southern Sierra Nevada fisher population will likely require
active management and conservation measures to maintain a positive growth rate across its entire
range. The estimated population growth rate in the SNAMP Fisher study area reaffirms the
vulnerability of the small, isolated population to external threats (Spencer et al. 2015), especially
wildfires that are likely to increase in frequency and intensity with climate change. Moreover,
the SNAMP Fisher study spanned a limited period of six years during which multiple novel
threats to fisher survival within the study area were identified, and three large wildfires
significantly reduced availability of suitable habitat for fishers immediately to the south and
north of the study site. We recommend continuous monitoring of the status of fisher populations
in the southern Sierra Nevada region. Development of ways to mitigate for major threats to
fisher survival and fisher habitats and population viability analyses are necessary for evaluating
the long-term prospects for fishers in the southern Sierra Nevada. Data from the SNAMP Fisher
study have provided important new insights on the status of a fisher population at the north
margin of their current distribution in the southern Sierra Nevada Range, which will be useful

towards developing a comprehensive conservation strategy for fishers in California.
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Water Quantity and Quality (DRAFT)

Part I of Appendix E addresses water quantity measurement and modeling to determine
the impacts of forest fuel treatments and wildfire on hydrologic fluxes. For this study, a spatially
explicit hydro-ecological model, based on observed data, was used to scale from small to large
catchments. The Regional Hydro-Ecological Simulation System (RHESSys) was calibrated using
headwater catchment observations of climate, snow, soil moisture, and stream discharge for the
three pre-treatment years (2010-2012), which encompassed wet, average, and dry precipitation
conditions. The successful headwater calibrations were then transferred to the fireshed scale,
based on geologic similarities between catchments. Changes in forest structure were determined

by differences in Leaf Area Index (LAI), overstory canopy cover, and understory shrub cover.
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Implementation of Strategically Placed Landscape Treatments (SPLATSs) at Last Chance
resulted in a vegetation decrease of 8% leading to runoff increases of at least 12% for the initial
20 years, falling to 9.8% by year 30, when compared to the no treatment scenario. Predicted
vegetation growth following SPLATSs showed the reduced biomass densities only lasted for
about 10 years; after 10 years runoff decreased to pre-treatment levels. Two other modeled
scenarios were also assessed: fire without SPLATS reduced vegetation by 49.8% while fire with

SPLATSs reduced vegetation by 38.1%, increasing runoff respectively by 66.7% and 54.9%.

SPLAT implementation at Sugar Pine resulted in a 7.5% decrease in vegetation, but
increases in runoff were less than 3% compared to the no treatment scenario over 30 years.
Predicted vegetation growth following SPLATSs again showed the reduced biomass densities
only lasted for about 10 years. Fire without SPLATSs reduced vegetation by 42.5% while fire
with SPLATS reduced vegetation by 39.5%, increasing runoff by 15.2% and 13.1% respectively.

Implementing SPLATS, both with and without wildfire, had a greater effect on annual
runoff in Last Chance than in Sugar Pine. The difference in the two study area responses can
largely be attributed to the differences in precipitation rates. Changes in vegetation at Sugar Pine
had minimal effect on annual evapotranspiration (ET) rates, suggesting the forest is more water-
limited than at Last Chance, where changes in ET were more closely linked to forest density.
This response can be illustrated using the scenario of greatest vegetation change, wildfire without
SPLATS, where a 42.5% reduction in Sugar Pine vegetation led to a 2.9% decrease in ET. The
49.8% reduction in Last Chance vegetation resulted in a 22.8% decrease in evapotranspiration.
Although the high-intensity fires can result in greater vegetation reductions and lead to increased
runoff, these results did not specifically address water quality issues related to these wildfires

such as soil erosion into the stream channel, hydrophobic soils, and elevated snowmelt rates.

Part II of Appendix E addresses water quality measurements that were made to determine
potential effects of treatments on water quality which could impact aquatic life and downstream
water resources. Stream water temperature, conductivity, turbidity, and dissolved oxygen were
recorded at 15-minute intervals using continuous recoding sensors from WY 2010 to WY 2013

in all four watersheds. Additional grab samples were collected and analyzed on a bi-weekly to
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bi-monthly basis for major ion chemistry and stable isotope chemistry. Movement of channel
bed material was measuring using load cell pressure sensors and also recorded at 15-minute

intervals for WY 2012-2014.

Water temperature, conductivity, and major ion concentrations were found to be higher in
the 2012 and 2013 concurrent- and post-treatment water years respectively (referred hereafter in
this chapter as the post-treatment period); however, these years were dry years and these patterns
are typical of drought conditions. Dissolved oxygen remained fairly stable throughout the years
of the study. Water chemistry parameters were found to all be within healthy ranges for aquatic
life with the exception of low dissolve oxygen values during very low flows of dry years when

stream flow was intermittent.

Much of the water quality measurement effort was focused on turbidity and bedload
movement due to the healthy ranges for other water quality parameters and a lack of sources for
chemical pollutants in these headwater systems. An analysis of seasonal turbidity patterns and
sediment source areas has been published in a peer-reviewed journal (Martin et al. 2014) and we

have summarized key findings in Appendix E.

The observed timing of turbidity versus discharge event peaks indicates that sediment is
coming from localized in-channel sources that are easily transported. Data also indicate periods
of accumulation and depletion tied to high and low flows. Because SPLATSs were light and set
far back from stream channels we hypothesized that any changes in water quality (namely
turbidity) due to treatments would be due to changes in stream discharge. Mean peak turbidity
values were compared for pre- and post- treatment periods in the treatment watersheds but no
significant difference was found. This may have been due in part to small sample sizes and large
standard deviations caused by the infrequent and episodic nature of sediment movement in these
streams. Channel bed movement data indicated that the channel bed acts as temporary storage

for sediment, but that it remains stable over the long term.

We found evidence of a drought signal in the water chemistry and turbidity data. In

addition, the treatments were light and set far back from the active stream channel. The
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treatments as implemented were not intensive enough to show an increase in discharge during a
low precipitation year and SPLATSs as implemented in SNAMP had no detectable effect on
turbidity.

Martin, S.E., M.H. Conklin, and R.C. Bales. 2014. Seasonal accumulation and depletion of
localized sediment stores of four headwater catchments. Water 6(7): 2144-2163.

Participation

Appendix F is a report on the diverse activities carried out by the Participation Team to
assess participation in SNAMP, improve our methods of outreach, and contribute to the

integrated chapters (chapters 3, 4 and 5 of this report).

The Sierra Nevada Adaptive Management Project (SNAMP) was developed to
incorporate stakeholders into an adaptive management framework where the University of
California (UC) used scientific experiments to assess the impacts of Forest Service fuels
reduction projects. The first pillar of the UC 2007 SNAMP workplan was that adaptive
management involved “deliberate experimentation” and this dictated the way the UC Science
Team structured the science conducted in SNAMP (in addition to the Participation Team,
SNAMP teams studied the following subjects: fire and forest ecosystem health, Pacific fisher,
California spotted owl, and water quality and quantity, and spatial analysis). The workplan’s
second pillar was “...that adaptive management must be a participatory process that engages
scientists, stakeholders, and managers in a long term relationship grounded in shared learning
about the ecosystem and society.” We considered the Participation Team role to be two-fold: a
demonstration of a model of participatory, or collaborative, adaptive management and an
analysis of the participant experience in SNAMP. While the primary mode of stakeholder
interaction with scientists and the Forest Service was necessarily consultative rather than the
power-sharing of a full collaboration, the participatory adaptive management process used by
SNAMP was defined for the project as “collaborative adaptive management” or CAM. For this
reason, the participatory process as implemented in SNAMP has the following stated definition

of collaborative adaptive management (CAM):
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CAM is a science-driven, stakeholder-based process for decision-making while
dealing with the scientific unknowns inherent in many physical and biological
systems. In the SNAMP process, adaptive management incorporates stakeholder
participation in order to improve the amount and breadth of information for
decision-making, create meaningful engagement and build mutual
understanding, learning, and trust.

Over the last century, the Forest Service has shifted from an emphasis on management
based solely on technical expertise to models using more participatory methods. Increasing
litigation in the 1980s reflected continued frustrations and conflict as stakeholders demanded
more input into the decision-making process. The third party model that SNAMP used, in which
an agency, the public and an outside science and outreach provider in a sense act as checks and
balances to each other was derived out of the concept of shared, multi-party, or joint monitoring,
and to some extent, citizen science. Both increase the participation of stakeholders in the science
that drives management decisions. As true co-management, where power is shared equally, is not
legally possible for the Forest Service or for scientists adhering to strict experimental protocols,
projects like SNAMP can be seen to allow for more transparency in the decision-making process
by opening up the science and planning processes, and providing additional pathways for input
and feedback. An unforeseen benefit was the stakeholder enthusiasm for increased participation
in and understanding of the science that became apparent in the course of the project. SNAMP
provided some direct communication channels between scientists and the public, and this turned

out to be one of the most appreciated aspects of SNAMP.

To address our focal question and engage stakeholders in the adaptive management
process, the Participation Team conducted outreach based on long evolved University of
California Cooperative Extension principles, and produced extensive assessments of the
participant experience in SNAMP. We developed a participation process and analysis framework
based on our best practices for collaboration expertise as well as an extensive review of the
literature. The five core elements of our effort were inclusivity, transparency, learning,
relationship building and effectiveness. We collected input from both SNAMP participants and
non-participants with regard to these core elements in SNAMP via written surveys immediately

at the end of meetings as well as through two online email surveys of the SNAMP listserv and
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three separate rounds of in-depth interviews. Our Team employed the following varied outreach

methods to address these elements.

The Team focused on both in-person events and presentations as well as at-a-distance
methods that were web-based. Each type of participation event had its advantages and limitations
and each allowed certain kinds of learning to occur or relationships to be fostered (Tables F3 and
F4 in Appendix F). Face-to-face interactions with scientists and managers were a focal point of
the in-person outreach program. Our large public meetings gave broad access to the project,
though with little time for details, and provided a forum for interest group positions to be shared.
The smaller technical integration team meetings were focused on individual topics. These
provided in depth data sharing with advanced discussions and were incredible learning
opportunities based on the presentations of the lecturers but also as participants learned from
each other’s less formal questions and comments. Field trips, where participants could “kick the
dirt” together and actually see the forest, were touted as most valuable for learning about
management context, scientific methods and findings as well as for building relationships
through intimate and casual conversations. Subject matter workshops, which conveyed all the
most relevant science on managing a resource including findings beyond the scope of SNAMP,
were highly appreciated by managers. Taking SNAMP to targeted audiences by going to their
meetings and events proved to be a powerful way to spread the scientific outcomes of SNAMP

as well increase project inclusiveness and transparency.

The project’s at-a-distance methods such as the website and its document archive, science
briefs, newsletters, and blogs provided the basis for all other SNAMP contacts because of their
accessibility and transparency. The email list was invaluable for getting information out to
interested parties though it is not particularly interactive. Webinars were found to be useful at the
end of the project (they saved time and money), but none of the online interactions could replace
the importance of face-to-face connections with scientists, managers, or other stakeholders. We
observed that our webinars were mainly successful because they occurred at the end of the
project when relationships were solidified and there was a group comfort level that could

overcome the impersonal nature of the webinar.
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To transfer the SNAMP collaborative lessons and to train stakeholders and the agencies
to conduct or participate in future collaborative adaptive management projects, we created and
implemented a multi-day workshop curriculum and companion workbook. Participants in these
trainings gained a clearer understanding of adaptive management and how to include the public
in the process, how and when to use an independent third party, and how participants can utilize
facilitation tools to help defuse conflict. Evidence from the post-workshop surveys suggests that
these trainings increased participant commitment to collaboration and it is these key stakeholders
and agency participants that could help ultimately complete the SNAMP adaptive management

cycle.

A review of our participation model by core element starts with the two most basic and
primary elements: transparency and inclusivity. We attempted to attract and reach out to the
broadest extent possible by varying our events, presenting at other groups’ events and extending
our contact through online and traditional media. Our goal was to include as many voices and
perspectives as possible to foster the strongest buy-in for the final results as well as input during
the process. Transparency was a focal point from the beginning, starting with the SNAMP
website. Within its contractual constraints, SNAMP strove to be as open and transparent in its
processes and decision-making as it could be. Our surveys showed that the strong effort put in by

the UC Science Team to focus on inclusivity and transparency was recognized by participants.

Learning was the next goal of the SNAMP Participation Team and was also the overall
purpose of SNAMP, as reflected in the title of the project: “Learning how to apply adaptive
management...” Each of the science teams produced copious amounts of novel data with regard
to their subjects and presented these findings to the public multiple times a year. We found that
learning in these kinds of social settings helped SNAMP produce shared understandings about
basic biological and ecological conditions as well as larger concepts about forest health and

adaptive management.
The other crucial outcome of shared learning and understandings was new and improved

relationships between the participants in SNAMP. Our results show that over the long life of the

project, in which there were many and varied opportunities to interact or observe other
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participants, relationships improved even among those historically opposed to each other such as
environmental and forest products groups. Unfortunately, some relationships in the project were
strained not because of the shared learning experience but due to limitations of the project such
as funding. Though not an explicit goal of SNAMP, participants also learned about the Forest
Service and the constraints faced in Sierran forest management that could help improve
collaboration with the agency in the future. The shared scientific understandings and the hybrid
culture they fostered, combined with the improved relationships between participants and
familiarity with the Forest Service, could be the foundation for more productive and continued
collaborations in the future. The Forest Service will need to continue to engage intensely with the

public in order for the positive trends to continue.

We interpreted our goal of effectiveness as encompassing the collaboration’s process or
structure as well as the project’s ability to accomplish the goals that the literature suggested and
participants felt were important for the project to be interpreted as successful. Much of the basic
communication structure of the project worked well: the project invested in trained outreach and
facilitation staff, meetings were set up to encourage productive discussions, events were
evaluated and continually adapted to meet participant suggestions, and a large variety of outreach
strategies were implemented and supported for the duration of the project. In addition, the Forest
Service treatments were implemented, the academic experiments were completed and this report
was drafted, reviewed by peers and the public, and published; those were milestones that were

not always assured of completion during the project and now can also be considered examples of

SNAMP’s effectiveness.

Ultimately, participants in collaborations like SNAMP intend for the project to have far-
reaching and broader impacts past the study areas, timeframes, and agencies involved. One
agency participant suggested that the most important goal of SNAMP was to create a group of
stakeholders prepared to collaborate with the Forest Service and reduce conflict around forest
management in the Sierra. The Participation Team worked to exemplify a model process for
conducting collaborative adaptive management and training that could be implemented by
agencies to hopefully reduce conflict. Though there was almost complete turnover of the Forest

Service participants in SNAMP, many of the public, environmental group, forest products, and
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other agency representatives were able to stick with the project all the way through. A group of
stakeholders had formed at the end of the project who had developed long-term relationships
with each other, shared common understandings about the resources, and had similar
expectations about the process of adaptive management. This modeling and training, combined
with the shared understandings and improved relationships between participants, bodes well for

future collaboration in the Sierra.

But was SNAMP effective at reducing conflict? A large majority of our email survey
participants felt that SNAMP increased trust within the three party model. Yet both email survey
respondents and interviewee participants were ambivalent as to the project’s ability to reduce
conflict over forest management in the Sierra. The dominant sentiment was that appeals and
litigation were inevitable because they are driven by the entrenched philosophies and agendas of
interest groups. The two solutions offered by email survey respondents were the cornerstones of

the SNAMP three party effort: independent science and increased stakeholder participation.

SNAMP’s three party model structure was effective in a most critical aspect — the
university and its science were seen as independent, unbiased, and responsive to stakeholder
input. But with this new model came miscommunications and disappointed expectations. The
two biggest issues were the separation between management and science, and financial
constraints. Initially, there were disagreements as to what subjects would be studied in SNAMP.
Next, some stakeholders and managers hoped that SNAMP would bring university experts into
the Forest Service’s planning processes, but this was the opposite of what the UC Science Team
imagined due to their interpretation of how to conduct a controlled experiment. A related
misinterpretation was connected to definitions of monitoring. Some stakeholders expected the
university to “blow the whistle” on the Forest Service if it implemented the treatments differently
than planned. This too was not the role of the university as interpreted by the UC Science Team.

A Neutrality Agreement was created by the UC Science Team to clarify some of these concerns.
The financial structure of the project was a serious challenge to our effectiveness, though

not surprising given the dollar amounts and years of commitment. For large scale adaptive

management projects, sizeable and consistent funding over many years is vital yet very difficult
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to achieve (Gregory et al. 2006). The difficulties of carrying out long term projects with federal
agencies under an annual funding regime have been well documented (Nelson 1995). In
addition, the recession that started in August of 2008, just a few years into the project, caused
havoc with state and federal budgets and threw the project into years of financial stress and
uncertainty. Throughout the interviews, there were many comments about the tensions within the
MOU Partner funding agencies with regard to how much each contributed, staff turnover, as well
as a perception that the university did not understand the financial constraints and had unrealistic
expectations. Eventually, the project was completed but with less funding and over a longer

period of time than originally planned.

In 2015, UC completed its role in SNAMP. It is left to the Forest Service to work
directly with stakeholders to use SNAMP’s products, results and recommendations, and to adapt
them to future needs. How and whether UC Science Team results and public input are used in
the next and future forest treatment plans will determine how SNAMP’s effectiveness is
ultimately seen. Throughout this project, we have considered this a crucial step that is outside of
the funded and UC Science Team part of SNAMP (Figure F1 in Appendix F). The SNAMP
collaborative adaptive management workshop teachings offer tools for both the public and the
agencies to improve their communication to complete the cycle of adaptive management and

begin the next cycle of learning.

Participants from all three sides of the three party model concluded the project with
positive aspirations for the future. The third party science provider model was well demonstrated
and should be transferable in parts or in whole to other situations or places given adequate
attention and funding. It is now up to the Forest Service to close the adaptive management loop
and for all of us to use the lessons learned from SNAMP to improve collaboration and

management of the forests of the Sierra.

“... we are the beneficiaries of the work and I think that the investments that we
made, no one has groused about them. That wasn’t the motivator for us.
Benefits to the landscape over the long term and over the entire Sierra landscape
were our motivators.” MOU Partner 2014
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EXECUTIVE SUMMARY

The 2004 Amendment to the Sierra Nevada Forest Plan identified a coordinated system
of fuel treatments distributed across the landscape as the preferred management alternative. The
goals of this approach, defined as strategically placed land area treatments (SPLATSs), were to
modify dangerous fire behavior and improve forest health in the National Forests in the Sierra
Nevada region of California. The 2004 amendment also introduced the concept of fireshed
management. In concept, firesheds are analogous to watersheds, but are topographic units based
on the behavior of a problem fire — a fire that has the greatest potential impact based on the local
topography, weather, and fire history. We tested the performance of SPLATS as designed and
implemented by US Forest Service in two firesheds, Last Chance in the Tahoe National Forest
and Sugar Pine in the Sierra National Forest. We conducted detailed field measurements before
and after treatments in order to quantify changes in forest structure and fuel loads resulting from
SPLATS. To account for potential changes unrelated to forest management, a control fireshed
was paired with the treated fireshed at each site. Data from the field measurements were used to
parameterize fire and forest growth models. These models were then used to simulate wildfire
effects on fire behavior and to explore the responses of tree growth efficiency (a measure of tree
vigor) to the treatments. At Last Chance, fuel treatments distributed across 18% of the landscape
reduced the percentage of the forest exposed to damaging flame lengths from 33% (no SPLATS)
to 22% (with SPLATS). The impact of SPLATS on fire behavior was less at Sugar Pine. Fire
simulations for Sugar Pine showed that SPLATs completed on 29% of the area, reduced
exposure to damaging flame lengths from 29% of the landscape to 25% — a minimal decline of 4
percentage points. In contrast, trees in the treated fireshed at Sugar Pine nearly doubled their
growth efficiency in the ten years following SPLATSs while there were only minor improvements
in growth efficiency following treatments at Last Chance. This dichotomy in the response to
SPLATS was related to differences in the extent and intensity of the treatments applied at the two
sites as well as ecological and land use variations. The treated fireshed at Sugar Pine supported a
mixed conifer forest that was more crowded with bigger trees but exposed to a lower initial fire
hazard. Nevertheless, in aggregate our results support the promise of SPLATSs. Coordinated
treatments across part of the landscape can help minimize the hazards posed by severe fires and

at the same time meet forest health objectives.
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INTRODUCTION

Overview

A century of forest and fire management in the Sierra Nevada has resulted in a sharp
decrease in species richness and a dramatic change in the structure of the Sierran forest (Collins
etal. 2011, Knapp et al. 2013, Taylor et al. 2014). Abundances of shade-tolerant white fir (4bies
concolor), Douglas-fir (Pseudotsuga menziesii var. menziesii) and incense-cedar (Calocedrus
decurrens) have increased at the expense of the shade-intolerant ponderosa pine (Pinus
ponderosa) and sugar pine (Pinus lambertiana) which require canopy gaps to regenerate
successfully (York et al. 2011). Under an intact disturbance regime these canopy gaps would
have been created by small patches of tree mortality resulting from fire, insects, and disease;
these gaps are largely absent in contemporary fire-suppressed forests (Larson and Churchill
2012, Lydersen et al. 2014, Fry et al. 2014). Dense stands of young white fir, Douglas-fir, and
incense-cedar are characterized by increased numbers of small diameter trees and increased
canopy cover (Scholl and Taylor 2010, MclIntyre et al. 2015). In some particularly vulnerable
communities, these changes may have already increased the likelihood of uncharacteristic

impacts from fire and insects Knapp et al. 2013, Taylor et al. 2014).

The regional assessment of current forest conditions in the 2004 Sierra Nevada Forest
Plan Amendment (USFS 2004) acknowledged how these changes in forest structure and
composition associated with past land management practices have exacerbated the risk of severe
fire (Biswell 1989, van Wagtendonk 1998) and made modifying wildland fire behavior the
management priority. The preferred alternative identified in the 2004 Plan amendment (USFS
2004) was to apply strategically placed area treatments (SPLATSs). SPLATS consist of discrete
treatment units arranged in a strategic pattern across a landscape, which collectively slow fire
spread and moderate fire effects across the landscape (Finney 2001). Simulations have shown
that with as little as 30% of the area in SPLATS, fire risk can be decreased for the entire
landscape at a disproportionate rate. For example, model results demonstrated that a realistic
SPLAT design that treated 33% of a landscape in the Tahoe National Forest reduced the mean
flame length by 46% and the mean fire-line intensity by 48% (Vaillant 2008). The landscape unit

of management is defined as a fireshed. In concept, firesheds are analogous to watersheds in
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concept, but are topographic units based on the behavior of a problem fire — a fire that has the
greatest potential impact based on the local topography, weather, and fire history. The size of
firesheds can vary but they need to be sufficiently large to assess the effectiveness of fuel

treatments and encompass characteristic fire sizes for a given area (Bahro et al. 2007).

Despite the promise of SPLATS, there are only a few spatially relevant, fully
implemented landscape treatment projects in mixed conifer forests in the Sierra Nevada from
which to evaluate and guide management decisions (Moghaddas et al. 2010). The 2004
Amendment (USFS 2004) recognizes this uncertainty as well as the concern for how SPLATSs
might affect other forest resources. On one hand, SPLATSs may provide important co-benefits.
For example, the preferred alternative noted the specific objectives of improving tree vigor and
overall forest health that might accrue from reducing tree density. This concern over the health
of the Sierran forests due to increased competition in crowded stands is shared by the state
(FRAP 2003). More recent evidence has linked rising tree morbidity and mortality in Sierran
forests with worsening climatic water deficits (van Mantgem and Stephenson 2007), continued
exposure to chronic air pollution (Panek et al. 2013), and greater susceptibility to beetle kill
(Hicke et al. 2013). On the other hand, SPLATSs may degrade habitat for wildlife species
dependent on attributes in late-seral forests (Stephens et al. 2014a) or increase sediment yields to

streams.

The Sierra Nevada Adaptive Management Project (SNAMP) was formed to address the
uncertainty regarding the efficacy of SPLATSs in modifying fire behavior and concern regarding
potential impacts on wildlife and water resources. Moreover, given the history of debate over
land and resource management in the Sierra Nevada, SNAMP followed a specific mandate not
only to engage stakeholders and promote active public participation but also to study the
adaptive management process itself (Chapter 1). In this report, we address two objectives at the
heart of the 2004 Amendment (USFS 2004):

1) What is the effect of SPLATS on wildland fire behavior?
2) Do SPLATS improve forest ecosystem health?
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Background

Fire

Recent research has demonstrated an increased proportion of high-severity fire in yellow
pine and mixed-conifer forests of the Sierra Nevada between 1984 and 2010 (Miller and Safford
2012, Miller et al. 2009). In addition, these studies demonstrated that fire sizes and annual area
burned have also risen during the same period. The authors point out that these increases co-
occur with rising regional temperatures and increased long-term precipitation. Westerling et al.
(2006) also demonstrated increased area burned over a similar time period, which they attributed
to regional increases in temperature and earlier spring snow melts. Despite these documented
increases over the last few decades, California and the western United States as a whole are in
what Marlon et al. (2012) described as a large “fire deficit.” This is based on reconstructed fire
occurrence over the last 1,500 years using sedimentary charcoal records. Marlon et al. (2012)
argue that the current divergence between climate (mainly temperature) and burning rates is
unprecedented throughout their historical record. In other words, with temperatures warming as
they have been over the last several decades, we would expect to see much higher fire activity,
based on historical fire-climate associations. This divergence is due to fire management
practices, which, as the authors point out, may not remain effective over the long term if
warming trends continue. It is likely, given increasing temperature and the precipitation patterns
since the onset of fire suppression, that fire activity would have increased over the 20th century
rather than decreased had fire suppression not been implemented (Skinner and Taylor 2006,
Stine 1996), further exacerbating the current fire deficit. This departure in current fire activity
relative to what would be expected given current climate combined with the departed
contemporary fire patterns (greater proportions and patch sizes of stand-replacing fire) suggests

more problematic fire occurrence in the future.

The large wildfires that are occurring annually throughout the Sierra Nevada demonstrate
the pressing need to scale up restoration efforts to larger landscapes. Yet implementing fuels
treatment across an entire landscape may conflict with desired conditions or may be
operationally constrained by funding, access, and land designations (e.g., wilderness areas,
protected wildlife habitats, archaeological preserves, Collins et al. 2010, North et al. 2015). In

response, scientists and managers have developed and refined concepts like SPLATS that do not
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require saturation coverage of the landscape to achieve meaningful modification of fire behavior
(Ager et al. 2007, 2010; Finney 2001, 2004; Finney et al. 2007). Owing to the complexity of
modeling fire and fuels treatment across landscapes (e.g., data acquisition, data processing, and
model execution), fuels treatment project design is often based on local knowledge of both the
project area and past fire patterns. Recent studies in the northern Sierra Nevada and southern
Cascade Range suggests that these types of landscape-level fuels treatment projects (where
treatment arrangement is based more on local knowledge and fairly simple fire behavior
modeling rather than intensive modeling associated with an optimization approach) can be quite
effective at reducing potential fire behavior at the landscape scale (Collins et al. 2011, 2013,

Moghaddas et al. 2010).

Although only a few studies have explicitly modeled effectiveness of landscape fuels
treatments using different proportions of treated area, there are some common findings: (1)
noticeable reductions in modeled fire size, flame length, and spread rate across the landscape
relative to untreated scenarios occurred with 10 percent of the landscape treated, but the 20-
percent treatment level appears to have the most consistent reductions in modeled fire size and
behavior across multiple landscapes and scenarios (Ager et al. 2007, 2010; Finney et al. 2007;
Schmidt et al. 2008); (2) increasing the proportion of area treated generally results in further
reductions in fire size and behavior; however, the rate of reduction diminishes more rapidly
when more than 20 percent of the landscape is treated (Ager et al. 2007, Finney et al. 2007); (3)
random placement of treatments requires substantially greater proportions of the landscape to be
treated compared to optimized or regular treatment placement (Finney et al. 2007, Schmidt et al.
2008); however, Finney et al. (2007) noted that the relative improvement of optimized treatment
placement breaks down when larger proportions of the landscape (about 40 to 50 percent) are
excluded from treatment because of land management constraints that limit treatment activities.
It should be emphasized that this is not to preclude treating more than 20 percent of a landscape
to achieve restoration, resilience, or other resource objectives. These studies suggest that when
beginning to deal with fire hazard in a landscape, the initial objective would be to strategically
reduce fire hazard on between 10 and 20 percent of the area to effectively limit the ability of
uncharacteristically high-intensity fire to easily move across the landscape. This would buy time

to allow restoration activities to progress in the greater landscape (North et al. 2015).
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Forest health

The terms “healthy forest” and “forest health” are used often in natural resources, yet
rarely are they qualified or standardized. The confusion surrounding the term forest health is
understandable, as there is no single, universally accepted definition. However, there are some

recurring themes in the literature that create a basis for understanding.

Forest health is not exclusively a scientific concept (Kimmins 1997, Patel 1999, Sulak
and Huntsinger 2012). Forest health is often defined by the social, cultural or economic values
of a specific audience. For example, those with an interest in forest products and sustained local
economies may define forest health as a sustainable, actively managed forest that is free of
disease, with a diversity of tree species for future product markets (Lankford and Craig 1994).
Indeed forest pathologists typically consider health to mean the extent and virulence of tree
disease present in a forest whether it is timberlands or wildlands (Pautasso et al. 2014). This
definition is focused exclusively on trees. However, an audience interested in maintaining
vigorous wildlife populations may insist that the definition be expanded beyond tree health to
include the capacity of a forest to maintain viable populations of native species and retain
biodiversity of flora and fauna (Dellasalla et al. 1995). The first definition measures disease and
species diversity of trees, and the second measures wildlife populations. Both definitions of
“forest health” may mean opposite management regimes. Ultimately, forest health becomes a
social construct, defined not by an inherent, “scientifically correct” state (Warren 2007) but by

variables society considers most important (Sulak and Huntsinger 2012).

Many definitions of forest health fall under the general term “utilitarian™: a forest is
healthy if its condition does not threaten management objectives, current or future (Kolb et al.
1994). While it is easy to diagnose an unhealthy forest under this definition (i.e., a forest is
threatening management objectives), the concept can suffer from its own circular logic, where
“forest health” is defined by meeting management objectives, yet “forest health” is the

management objective.
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In contrast with anthropocentric utilitarian definitions, forest health has also been defined
by specific types and rates of ecological processes (e.g., Tierney et al. 2009) or by the presence
of specific indicators (Woodall et al. 2011). Unfortunately, these definitions come with their own
set of management problems; quantitative rates and data are not widely available for many
ecosystems (Kolb et al. 1994), and there is no gold standard for all rates and processes.
Indicators are multifaceted and can provide conflicting information. The challenge then becomes
how to integrate multiple lines of information to assess health. Using historical rates and patterns
is also tricky. Changing climate and land uses by humans make the selection of the desired
parameters difficult, and even if parameters were chosen, it is unlikely that our knowledge of
past ecosystem processes is sufficient to design a management regime (Wagner et al. 2000).

Often in the literature, a forest is considered healthy if is resilient or sustainable. Under
this guise, a healthy forest is “one that is resilient to change” (Joseph et al. 1991, EPA 2015);
“resistant to catastrophic change and/or ability to recover after catastrophe” (Kolb et al. 1994)
and has “sustained ecosystem functioning” (Wagner et al. 2000). This definition is also
troublesome because resilience is very difficult to measure. The resilience of a forest remains a

relative unknown until exposure to disturbance or stress.

The concept of “forest health” is difficult to apply to landscape-level processes because
its origins lie at the individual level. Ecosystem health is a metaphor borrowed from human
health (Kimmins 1997) and is problematic when applied to whole ecosystems, just as human
health is difficult to apply to whole populations (Raffa et al. 2009). A dead or dying single tree is
inherently unhealthy, but a dead or dying stand is more difficult to diagnose. Kolb et al. (1994)
define an unhealthy stand as only unhealthy if the rate of mortality exceeds the capacity for stand

replacement, but this may not necessarily apply at a forest or landscape level.

For SNAMP, we have built on the idea that individual tree growth and survivorship are
fundamental components of forest health. While this focus on tree vigor recognizes the
foundational role of trees in forests (Ellison et al. 2005), it does not encompass the term’s
broader usage (Sulak and Huntsinger 2012). Thus in addition to measuring tree vigor we also

assessed the impact of SPLATSs on forest structure and species composition.
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Adaptive Management Experiment

SNAMP was structured as a deliberate experiment in adaptive management (Chapter 1).
Thus, the design and implementation of the SPLATSs on the landscape was left entirely to the US
Forest Service. We measured forest and fuel characteristics before and after treatments. These
data serve as the basis for both direct comparisons as well as input for the necessary simulation

experiments of fire behavior.

METHODS

Site Description

Last Chance, the northern study area (Figure A1) is defined by the boundaries of four
adjoining watersheds. The treatment fireshed consists of the two central watersheds: Deep
Canyon and Grouse Creek. We used the two immediately adjacent watersheds as the control
(Screwauger Canyon and Peavine Creek). In total, the study site encompasses an area 38.4 mi’
(99.5 km?2), with elevation ranging from 2,625 ft (800 m) in the southwest to almost 7,218 ft
(2,200 m) in the northeast portion of the study area. Soils are moderately deep, well-drained
Inceptisols with a gravely loam texture. The Crozier and Hurlbut soil series that are most
common at Last Chance are derived from andesite and metasedimentary parent material (NRCS
2015). The climate is Mediterranean with a predominance of winter precipitation, a majority of
which is snow. Total precipitation averages 46.5 in/yr (1,182 mm/year). Mean monthly
temperatures are 37.4 °F (3°C) in January and 69.8 °F (21°C) in July (1990-2008; Hell Hole
Remote Automated Weather Station).

Sugar Pine, the southern study area (Figure A2) is located in central Sierra Nevada,
approximately 124 mi (200 km) south of Last Chance. Encompassing approximately 12.9 mi*
(33.6 km?), elevation at Sugar Pine ranges from 3.936 ft (1,200 m) in the southwest to almost
7,216 ft (2,200 m) in the northeast portion of the study area at Speckerman Mountain. The deep,
well-drained soils at Sugar Pine developed from weathered granodiorite. Holland family soils
(Inceptisols) with a sandy loam texture are most common (NRSC 2015). The climate is also

Mediterranean with snow dominating the 42.9 in/yr of precipitation (1,091 mm/year). Mean
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monthly temperatures are 35.6 °F (2 °C) in January and 64.4 °F (18°C) in July (1941-2002;

Yosemite National Park).

Figure A1: Control (dark grey) and treatment (light grey) areas at Last Chance, the Sierra
Nevada Adaptive Management Project’s northern study site in the Sierra Nevada, California.
Bear Trap and Frazier Creek were the headwater catchments evaluated by the Water Team.
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Vegetation at Last Chance is dominated by the Sierra Nevada mixed conifer forest. White
fir (Abies concolor) and Douglas-fir (Pseudotsuga menziesii) are the two most abundant species
but incense-cedar (Calocedrus decurrens), sugar pine (Pinus lambertiana), ponderosa pine
(Pinus ponderosa), and California black oak (Quercus kelloggii) appear as codominants at
variable densities. Stands of montane chaparral dominated by manzanita (Arctostaphylos spp) are

interspersed throughout.

The mixed conifer forest is also the most common vegetation type at Sugar Pine but
species composition differs from Last Chance in that there is no Douglas-fir, and the Nelder
Grove watershed contains a small grove of giant sequoia (Sequoiadendron giganteum). In
addition to black oak and interior live oak (Quercus wislizeni), typical hardwood and shrub
species include white alder (4/nus rhombifolia), Pacific dogwood (Cornus nuttallii), mountain
whitethorn (Ceanothus cordulatus), deerbrush (Ceanothus integerrimus), and greenleaf

manzanita (4Arctostaphylos patula).

Fire history, inferred from fire scars recorded in tree rings, suggests the fire regime prior
to systematic fire suppression and widespread timber harvesting in Sierra Nevada west-side pine-
mixed conifer forests was dominated by frequent, low-severity fires occurring at regular intervals
(Stephens and Collins 2004, Scholl and Taylor 2010). Based on fire scars collected on site, the
median fire interval for Last Chance was 15.0 years and 11.0 years for Sugar Pine (Krasnow
2012). Native American activity in the study areas was likely high before European settlement.
The Nisenan Native American community once inhabited the forests of north-central Sierra
Nevada. Up until 1901, the area that is now Bass Lake (approximately 5.5 mi [9 km] from the
Sugar Pine watershed) was a large, lush meadow inhabited by Chuckchansi and Mono tribes.
Fire was used extensively to keep the forest open, encourage herbaceous growth for game
animals, and produce vegetative growth conducive to basket weaving and arrow construction

(Krasnow 2012).
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Figure A2: Control (dark grey) and treatment (light grey) areas at Sugar Pine, the Sierra Nevada
Adaptive Management Project’s southern study site in the Sierra Nevada, California. Big Sandy
and Speckerman were the headwater catchments evaluated by the Water Team.
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Field Measurements

From a random starting point, we established forest inventory plots at 1640 ft (500 m)
spacing across both study areas to characterize stand structure and record changes in conditions
due to treatments (Figure A3). This core grid resulted in 328 plots in Last Chance (LC) and 127
plots in Sugar Pine (SP). In the small instrumented catchments used to measure hydrological
responses, we increased the sampling effort by reducing the spacing to 820 ft (250 m) or 410 ft
(125 m) between plots. To better characterize fire effects, we doubled the number of plots in a
recently burned area in LC (Peavine fire) by adding plots at every 820 ft and extended the core
plot network to a site with recent fuel treatments just south of SP (Cedar Valley). As a result we
have a total of 408 and 284 pre-treatment plots in LC and SP, respectively. Pre-treatment plot
measurements were collected during the summer in 2007-08. In order to maximize the time since
treatment, we completed the post-treatment sampling in one field season -- 2013. The
consolidated field season coupled with limited access due to wildfire (the American Fire began
burning on August 10, 2015 just west of LC) forced us to prioritize our sampling efforts. Thus
we first re-measured the plots on the core grid followed by plots in treated areas. Our total plot
sample size with both pre and post-measurements is 369 at LC and 257 at SP. For vegetation
mapping and the development of fire models, we used all available plots. For quantifying forest
composition and structure differences between the reference and treated firesheds, we used only

the plots on the core grid.

Plots were circular with an area of 0.12 ac (0.05 ha) and located with either a Trimble
GeoXH or Garmin handheld global positioning systems (GPS). We used a nested sampling
methods based on tree diameter (measured at breast height (dbh 4.5 ft or 1.37 m above the
ground): Overstory trees with dbh > 7.67 in (19.5 cm) were sampled on the entire plot (0.12 ac or
0.05 ha); understory trees with dbh between 2.0 — 7.67 in (5- 19.5 cm) were sampled on a
random one-third "pie-slice" of the plot (0.04 ac or 167 m?); small trees with dbh <2 in dbh (5.0
cm) were sampled with 6.6 ft (2 m) wide radial transect (0.018 ac or 76 m*). We recorded
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A. Last Chance B. Sugar Pine

Figure A3: Location of plot network and SPLATS at Last Chance (A) and Sugar Pine (B).
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species, vigor, crown position, dbh, total height, and height to live crown base (live trees only)
for overstory and understory trees. For small trees, we recorded species and dbh in 0.4 in-classes
(1 cm). We tagged all live overstory trees in the plots and tracked the fate of these trees between

surveys.

We sampled surface and ground fuels along three radial transects (41.4 ft or 12.62 m) in
each plot. We choose the direction of the first transect at random and then placed the remaining
two at £120°angles. Using the line-intercept method (Brown 1974), duff, litter, and surface fuel
depths were measured at two points along each transect. Downed woody fuels were tallied along
subsets of each transect: 0—1 m (0—0.64 cm and 0.64—2.54 cm branch diameters), 1-3 m (2.54—
7.62 cm), and 0-12.62 m (>7.62 cm). Fuel loads were calculated using species-specific
coefficients from van Wagtendonk et al. (1996, 1998), weighted by basal area for tree species
recorded in the plot (Stephens 2001). On the same three transects we measured shrub species
cover via line-intercept and recorded the height of the intercepted shrubs. We used a tube
densitometer to estimate canopy cover. We gridded the circular plot into 25 evenly spaced points

and recorded if canopy was present directly overhead at each point.

Fuel Treatments

Fuel treatments (Figure A3) were typical of mixed conifer forests (Agee and Skinner
2005). In general, the prescriptions called for treating approximately 25-40% of the treatment
firesheds by thinning, mastication, and prescribed fire. Thinning treatments included commercial
and biomass thin from below (both sites) and cable harvesting (LC only) followed by
mechanical/hand piling and burning. At LC, thinning treatments were designed to retain at least
40% of the existing basal area, reduce ladder fuels by removing trees > 10 in and < 30 in dbh,
and maintain a minimum canopy cover of 40%. At SP, residual basal area targets ranged from
55-65% of normal stocking in pine-dominated stands to 80% in the mixed conifer stands.
Retention of these higher basal areas ensures minimum canopy cover close to 60%. At both sites,
there was an emphasis on increasing vertical and horizontal heterogeneity. Mastication involved
the removal of both shrubs and small trees. At LC, mastication occurred primarily within 20- to
30-year-old plantations. At SP, mastication followed some thinning treatments. Prescribed fire

focused on understory burning as the primary fuel reduction method (USFS 2009, USFS 2010).
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For a host of reasons, treatments were initially delayed and then implemented over several years
(2008-2012). During the project planning process some treatments were moderated at SP due to
wildlife habitat requirements. At both sites, not all of the planned treatments were completed by
2013 when the final field measurements were obtained. Within the LC study area, the 2008
Peavine Fire (551 ac [223 ha]) burned in August prior to our pre-treatment survey. While not
considered a component of our fuel treatment network, post-burn forest structure was measured
and incorporated into the landscape forest structure. At SP, fuel treatments in Cedar Valley, the
fireshed just south of our paired firesheds (i.e., Sugar Pine and Nelder Grove, Figure A2) started
in 2007. Although not part of the experimental design, we extended our plot network into Cedar
Valley and obtained pre and post-treatment measurements. Results from Cedar Valley were used

to augment our analysis of treatment impacts on forest structure and fuel loads.

We used information from three sources to identify actual treatment area, treatment type,
and extent of change. First, changes to forest structure were obtained by repeated measurements
of the aforementioned plot network; field observers noted type of treatment. Second, Forest
Service District offices supplied GIS-based polygon files identifying treated areas. Lastly,
remotely sensed change detection maps, produced by determining areas where differences
between pre-treatment and post-treatment maps surpassed threshold values denoting structural
change (e.g., > 10% reduction in canopy cover or mean tree height), identified areas that were
potentially treated (Su et al. 2015a). Because there can be inconsistencies between agency-
generated treatment maps and actual treatment extent, and change detection maps were limited in
the ability to identify some treatment types, all three sources were required to ascertain treatment

boundaries.
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Vegetation Mapping

We developed a vegetation map from our plot and remote sensing data . This map served
as the base layer for the development of all landscape map layers required for fire and forest
growth simulations. The map consisted of stands, or polygons, classified into vegetation types
that captured gradients in tree species composition and forest structure. Classification used both
multispectral aerial imagery and lidar-derived metrics (Appendix B-Spatial in this report, Su et
al. 2015b). The pre-treatment forest landscape was divided into seven vegetation types at LC and
four at SP (Figure A4, Figure A5). We then used the field-plot data to impute detailed vegetation
attributes for each polygon (LC, n=1363; SP, n=1100), thereby obtaining the pre-treatment and
post-treatment forest structure maps used in the fire and forest-growth modeling. We developed
an imputation procedure to assign three field plots to each map polygon based on their similarity
in “gradient space” (Ohmann and Gregory, 2002). We performed a multivariate analysis of the
plot data to define the gradient space. Variables used in the imputation included treatment type,
vegetation type, canopy cover, relative density of big trees, and a suite of topographic metrics.
To recreate the fine-scale heterogeneity observed in the field, we identified all plots ranked in the
95™ percentile in terms of similarity and then randomly assigned three of those plots to the stand.
Some plots were used to populate multiple stands. Each plot contributed data to an average of

12.6 stands (range: 1-77) for LC, and 12.8 stands (range: 1-109) for SP.
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Figure A4: Vegetation map of firesheds at the Last Chance site.
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Figure AS: Vegetation map of firesheds at the Sugar Pine site.

Al7



Modeling Forest Dynamics

We considered four scenarios: 1) with SPLATs and with fire; 2) without SPLATSs and
with fire; 3) with SPLATSs and without fire; and 4) without SPLAT and without fire. We used the
tree list databases associated with the 2008 pre-treatment and 2013 post-treatment field plots
when simulating fire and forest growth under the ‘no SPLATSs’ and ‘with SPLATS’ scenarios,
respectively. The Forest Vegetation Simulator (FVS) (Dixon 2002) with the Fire and Fuels
Extension (FFE) (Reinhardt and Crookston 2003) is an integrated system of forest growth
models that can simulate a wide range of silvicultural treatments. We used the western Sierra
variant of FVS, which does not explicitly simulate establishment of new trees in the absence of
disturbance, or ingrowth. To simulate ingrowth users must input the number, species, and
frequency of establishment events. We used a random number generator to choose the actual
number of seedlings, within species-specific bounds, that established for a given stand in a given
FVS cycle (e.g., Collins et al. 2011). This was to done to attempt to represent the variable
regeneration conditions observed across the studied landscapes. Additionally, we regulated
seedling height growth to simulate more realistic conditions in a mixed conifer forest. FVS
generates estimates of forest stand structure and surface fuel loads for all four scenarios, at four
time steps: 1a) 2008 pre-treatment (no SPLATS); 1b) 2013 initial post-treatment (with SPLATS);
2)2018/2023 o0 cycle (10-year); 3) 2028/2033 3rd cycle (20-year); 4) 2038/2043 4 cycle (30-
year). The forest and fuel parameter estimates from FVS were then used to create the necessary

stand structure/fuel map layers required by the fire behavior models (Finney 2004, 2006).

We retained the tree lists generated by FVS for each scenario in order to estimate leaf
area from basic inventory parameters. For each live tree, we applied a robust set of species-
specific prediction models for the dominant species at our sites. These equations were based on
an extensive sample of trees (n = 105) in the Sierran mixed conifer forests (Jones et al. 2015).
Allometric equations using tree basal area as the primary variable to estimate whole tree leaf area
(one-sided) produced excellent fits (generalized R*> 0.95 for all conifers). We combined the
data from Jones et al. (2015) with allometric data for black oak from Gersonde (2003) and
recalculated the allometric equations using basal area as the primary variable. However our result
vary from Jones et al. (2015) in that we restricted the covariables to those that could be

calculated from the tree lists produced by FVS. These revised equation predicted leaf area based
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on species, basal area, height, and crown length. In all cases, the fits had R? > 0.87. Individual
tree leaf areas were summed and expressed as leaf area index (LAI), measured as the projected

leaf surface area (one-sided) per unit of land surface area covered.

Fire Simulations

We employed a dual approach to model landscape-scale fire behavior (Table Al, Figure
A6). For both approaches, we derived the necessary topographic inputs, slope, aspect, and
elevation from the lidar data (Appendix B-Spatial in this report). Stand structure layers were
derived from the FVS outputs for each stand: canopy cover, canopy base height (CBH), canopy
height, and canopy bulk density. First, for the fire scenarios (1. with SPLATSs and with fire; 2.
without SPLATSs and with fire), we used FARSITE v.4.1.005 (Finney 2004) to simulate a
‘problem’ forest fire based on the weather conditions during a recent wildfire (Table Al).
FARSITE is a spatially explicit fire growth model that uses several topographic, forest structure,
and fuel model map layers to project fire behavior parameters over a complex landscape. For
wildfire weather conditions at LC, we used the 2001 Star Fire, which burned 16,838 ac (6,817
ha), including 776 ac (314 ha) on the northeast edge of the study area. Approximately 39% of
this fire burned at high severity (www.mtbs.gov; accessed on 4 February 2015). For SP, we used
the 2014 French Fire, which burned 13, 837 ac (5,602 ha) approximately 12.5 mi (20 km)
southeast of the study area (fire severity data not available). We obtained weather information
from the Duncan Peak and Batterson Automated Weather Stations (RAWS) for LC and SP,
respectively. We used 95th percentile fuel moistures, as these are the conditions associated with
large fire growth and difficulty in control (Table A2). The simulation duration was set to allow
the fire perimeter to expand through the entire study area. Crown fire using the Scott and
Reinhardt (2001) method was enabled, as well as spot-fire growth with an ignition frequency of
2% and a two-minute ignition delay. FARSITE fire behavior outputs (i.e., flame lengths and fire
type) were used to simulate fire effects (i.e., changes in forest structure through tree mortality

and fuel consumption) in FVS-FFE.
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Table Al: Overview of the approach for landscape-scale fire behavior simulations.

Fire model | Purpose Scenarios Outputs
FARSITE | Model fire behavior | No SPLATSs (2008 pre-treatment data), Flame
during a single SPLATS (2013 post-treatment data) lengths, Fire
‘problem’ wildfire type
FlamMap Model fire behavior | No SPLATSs/No Fire: 2008 pre-treatment Conditional
during a ‘problem’ (0-yr), modeled forest conditions in 2018 burn
wildfire spread events | (10-yr), 2028 (20-yr), and 2038 (30-yr) probability
No SPLATSs/Fire: modeled forest conditions | (flame
in 2018(10-yr) following modeled wildfire | lengths > 6
(FARSITE), 2028 (20-yr), and 2038 (30-yr) | ft (2 m)),
SPLATSs/No Fire: 2013 post-treatment (0- Fire size

yr), modeled forest conditions in 2023 (10-
yr), 2033 (20-yr), and 2043 (30-yr)
SPLATSs/Fire: modeled forest conditions in
2023 (10-yr) following modeled wildfire

(FARSITE), 2033 (20-yr), and 2043 (30-yr)

This approach of using a single simulated fire for each treatment scenario (with and

without treatment) limits inference that can be drawn from these results due to potentially

different fire spread and behavior associated with different ignition locations. We used a single

fire in order to obtain specific predictions on how fire would impact forest structure via tree

mortality, as opposed to probabilistic predictions on fire occurrence at a specific location (e.g.,
Ager et al. 2007). By having spatially explicit predictions of fire effects on forest structure, we

were able to track the impacts of fire on owl habitat and make more direct assessments of owl

demography over time.
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Figure A6: Flowchart of fire behavior and forest dynamics modeling.
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Table A2: Weather parameters for fire simulations using FARSITE and RANDIG. We used 90th
percentile and above winds (RANDIG only) and the 95th percentile fuel moistures (both
simulations) for the predominant fire season in the area (June 1-September 30) based on data
from one or more RAWS data near study sites.

Last Chance Sugar Pine
Temperature (°F) 54-93 59-99
Relative Humidity (%) 11-54 9-68
Wind (mph) 6.3 (3-13.5) 10 (3-20)
Wind direction S-SW SE, W
Fuel Moisture (%)

1-hr 2 3

10-hr 3 4

100-hr 5 6

Live herbaceous 30 35

Live woody 60 65

To address the limitations associated with the single ignition approach, we employed a
second fire modelling approach using a command-line version of FlamMap (Finney 2006) called
RANDIG to model fires across both study areas to assess temporal changes in fire risk, thereby
estimating the effectiveness of the SPLAT network at mitigating simulated fire effects, treatment
longevity, and forest recovery. RANDIG uses the minimum travel time method (Finney 2002) to
simulate fire spread based on a user-inputs for: number/pattern of ignitions, fire duration, wind
speed and direction, fuel moistures, topography, stand structure, and fuels. We used the same
stand structure layers as described in the first approach. In the absence of simulated ingrowth in
FVS, stand CBH increases over time in untreated stands, which occurs at a rate that is difficult to
justify ecologically, and results in an unrealistic decrease in fire risk in fire simulations (Collins
etal. 2011, 2013). Instead, we used CBH-adjusted values as follows: initial stand CBH

calculated in FVS used in 1* and 2™ cycle fire simulations, and 3" cycle stand CBH calculated
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in FVS used in 3" and 4" cycle. For each scenario and time step we simulated 10,000 randomly
placed ignitions, burning for 240 and 360 minutes for LC and SP, respectively. This burn period
duration was selected such that simulated fire sizes (for one burn period) approximated large-
spread events (daily) observed in actual fires that occurred near the study areas (Ager et al.
2010). Given the limited number of wildfires from which to compare large spread events,
especially for Sugar Pine, our burn period calibration represents a reasonable normative for large

spread events in Sierra Nevada mixed-conifer forests (Collins et al. 2011).

For the weather information obtained from the Duncan Peak (LC) and the Batterson
RAWS (SP), we restricted the analysis period to the dominant fire season for the area (June 1 —
September 30). Observations were available from 2002 to 2009. We identified the dominant
direction and average speed of all observations at or above the 90™ percentile value. This
resulted in several different dominant wind directions, each with its own wind speed and relative
frequency (based on the proportion of observations recorded at or above the 90" percentile value
for each dominant direction). We used 95™ percentile fuel moistures, as these are the conditions

associated with large fire growth and difficulty in control (Table A2).

Fuel Model Selection

To assign fuel models (Scott and Burgan 2005) to the pre- and post-treatment landscapes
we analyzed relationships between fuels, shrub cover, and forest structure data collected from
field plots. This approach was used for post-treatment fire simulations in Collins et al. (2011),
where a selection logic was developed from regression trees and fuel models were assigned in
consideration of the forest characteristics. Regression trees are ideal for such an analysis because
they identify break values for predictor variables that can be used to repeatedly assign fuel
models to stands. Statistical fits were moderate for each site (R*=0.2—0.6), but were deemed
appropriate for categorizing stands into discrete fuel models (Collins et al. 2011, 2013). The
chosen fuel models for each terminal point in the selection logic was based on our familiarity
with the study area and fire modeling, and input from local fire/fuel managers. Table A3

summarizes the fuel models used in the pre-treatment landscape.
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A different selection logic was used for treated stands based on treatment type and time
since treatment , as well as average flame length and fire type (percent of stand crowning)
produced through FARSITE (first modeling approach described above) for the fire scenarios.
Thinned stands that had reduced surface fuels through pile burning were left in the general
selection logic. Stands that were thinned followed by mastication were assigned moderate load
timber-litter model. Cable-logged stands (LC only) increased activity fuels and therefore were
assigned a slash blowdown model. Masticated stands were assigned a moderate load timber-
understory model, increasing to a high load timber-litter model in the second cycle. Stands that
were underburned followed a progression of timber-litter fuel models but with slightly lower fuel
loads. In the first fire modeling approach where all stands were burned, fuel model succession
followed the methods of Davis et al. (2009). Post-burn fuel model assignment would be
contingent on pre-burn fuel model, stand average flame length, and percent of the stand

crowning.
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Table A3: Pre-treatment fuel model assignments (Scott and Burgan 2005) and their proportion
throughout both study areas. Fuel model selection logic was based on multiple regression tree
analyses using stand-level data for dependent variables (shrub cover and fuel loads by category)
and independent forest structure variables summarized using FVS.

Fuel model | Description of stands with fuel model assigned Last Sugar

Chance Pine

SH3 (143) | Low basal area, low canopy cover, low stature shrub 0.155 -

dominated fuels

SHS5 (145) | Low basal area, low canopy cover, high stature shrub 0.054 0.044

dominated fuels

TU2 (162) | Low basal area, high canopy cover 0.154 0.135

TUS (165) | Moderate to high basal area, high tree density, moderate 0.318 0.451

fuel load dominated by shrub and forest litter

TL3 (183) | Peavine Fire (2008) area 0.014 -

TL5 (185) | Low basal area, low canopy cover, moderate fuel load - .044

with coarse fuels present

TL9 (189) | Moderate to high basal area, moderate to low tree 0.042 .067

density, moderate to low site productivity

SB3 (203) | Moderate to high basal area, moderate to low tree 0.263 0.26
density, high site productivity, moderate fuel load with

coarse fuels present
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Analytical Framework

To evaluate the effects of SPLATS, we used a before-after-control-impact study design
(Stewart-Oaten et al. 1986). At each site, a control fireshed was paired with the treated fireshed.
Measurements were made before treatments and after treatments. This framework accounts for
temporal changes that are unrelated to the treatment and thus any observed differences between
firesheds can be attributed to SPLATs. Formally, the impact of the treatment can be quantified as
the difference in the response between sites observed over time:
Treatment Impact = (W — Mip) — (Mea — Meb) Equation 1
where 1 is the mean of the response variable; ¢ represents the control fireshed; a the period after
treatments; b the period before treatments; and t the treated fireshed. A key assumption with this
approach is that in absence of SPLATS, the differences between the sites would be constant
(Stewart-Oaten et al. 1986). Note on usage: To improve clarity, we describe the "before"

measurements as "pre-treatment” and the "after" as "post-treatment."

Plot-based summaries of pre- and post-treatment forest structure and surface fuels were
produced for both sites, separated by control (untreated) and treatment types. Forest structure
variables include canopy cover, tree density, and basal area, and shrub cover. For both fire
modeling approaches, outputs of flame length, fire type, and conditional burn probabilities (both
overall and proportional for 20 flame length classes [0 —10 m in 0.5 m increments]) were
obtained for individual 30 m pixels, spanning the entire study areas. Conditional burn
probabilities are computed by dividing the total number of times a pixel burned by the total
number of simulated fires (n=10,000). To separate out more problematic simulated fire
occurrence, both from a fire effects and a fire suppression standpoint, we only performed
analysis on the burn probabilities for which modeled flame lengths were > 6.6 ft (2 m). Flame
lengths > 6.6 ft typically correspond with crown fire initiation and present substantial challenges
for suppression efforts (NWCG 2004). We imported flame length and conditional burn
probability surfaces into ArcGIS software for further data analysis. For each of the four scenarios
we computed overall mean flame length, fire type (percent of stand crowning), and conditional
burn probability for each stand only using those pixels within the core study areas (i.e., stands
within firesheds). We compared these outputs by stand (control vs. treated by type) and fireshed

(control vs. treated).
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Forest Health Assessment

Mortality was quantified by tracking the status of all tagged trees initially assessed as live
in 2007 or 2008 in the re-measured 2013 plots. Harvested and masticated trees in the treated
firesheds were noted. We calculated annual mortality (with and without harvested trees) after
Sheil et al. (1995). Confidence intervals for mortality by fireshed were determined by profile
likelihood (Wyckoff and Clark 2000).

The impact of treatments on forest structure and species composition was also assessed at
the scale of the fireshed. Specifically, we used a two-factor analysis of variance (ANOVA) to
test for differential changes (Equation 1) in forest structural characteristics (e.g., tree basal area,
tree density, canopy cover) between control and treated firesheds. The interaction term in the
ANOVA table served as the test of the statistical significance of the treatment effect (Smith
2002).

We developed histograms of tree-size based on dbh to document potential shifts in tree-
size distributions (pre- to post-treatment) at each fireshed. Changes in size class were evaluated
with a distribution departure index (Menning et al. 2007). This approach uses cumulative

histograms to visualize overall trends and shifts in distributions. Specifically
M= () 2@ - Lk +1-0) Equation 2
k-1 =1 l ng

Where k is the number of size classes; 1 designates the size class; fj is the density of trees in size
class 1 of the test distribution; n¢ is the total tree density in the test distribution; and p, is the
relative density in size class 1 in the reference distribution (Menning et al. 1997). The departure
index is typically reported by stating the value and the range endpoints (e.g., —0.10 [-0.4 to 1.6]).
The range endpoints refer to the possible changes in distribution depending on the type of
reference distribution used. For example, if the reference distribution is symmetrical (e.g., a
normal distribution), the possible departure index values will range from —1 to +1. However, if
the reference distribution is asymmetrical (e.g., an inverse J-distribution with many smaller trees
and fewer larger trees), the possible magnitude of any changes is also asymmetric. For an
inverse-J distribution, there is the potential for a greater shift to the right than the left. A test

distribution that has shifted to the right of the reference distribution will always have a positive
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value, while one that has shifted to the left will always display a negative value. The magnitude
of the index indicates how far the test distribution has shifted. To statistically evaluate tree-size
shifts from pre-measurement to post-measurement, we used a randomization approach with the
pre-treatment size distribution serving as the reference (Menning et al. 2007). For each
realization, the reference distribution was randomly shifted up to a maximum of 10% in either
direction. We obtained 1,000 realizations and the 0.025 and 0.975 percentiles from their
respective departure indices. These percentiles served as 95% confidence intervals. Observed
changes that fell outside these bounds signified shifts of 10% or more in the tree-size

distribution.

Tree species composition was quantified with relative basal area. The value for each
species present in the fireshed was calculated as its mean relative basal area in every plot
measured. Within-fireshed variance in dominance was expressed as the standard error of this

mean.

Integration Analysis

An important goal of SNAMP was to provide an integrated assessment of the impacts of
SPLATS not only on fire behavior but also on forest health, populations of spotted owl and
Pacific fisher, water quality, and water quantity (Chapter 4). Thus we designed the four modeling
scenarios described above: no fire and no SPLATS; fire and no SPLATS; no fire and SPLATS;
fire and SPLATS. Initial parameters (pre-treatment and post-treatment) were defined using our
field data with models extended for 30 years. In the fire scenarios, one explicit “severe” wildfire
was modeled immediately after the field measurements (time = 0.1 yr). To ensure consistency,
all results were reported for 10 year time intervals from Year 0 to Year 30 at the spatial scale of
the fireshed. To keep the analysis succinct, each team was charged to select one informative
"integration metric." For fire behavior, we used the conditional burn probability (described
above, see Fire Simulations). For forest health, we defined two different metrics: one for

scenarios without simulated fire and one with simulated fire.

Tree growth has proven to be a reliable indicator of tree survivorship in these forests (Das

et al. 2007, Battles et al. 2008, Collins et al. 2014) and overall a robust indicator of forest health
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(Tierney et al. 2009). In this context, forest health is narrowly defined in terms of the growth of
canopy-sized trees. It is an admittedly narrow definition, but forest health in all its complexity is
difficult to capture. We can measure the performance of trees. Therefore for the integration
analysis, our fundamental premise is that “healthy” trees are necessary components, but are not
sufficient to comprise a “healthy” forest. However, growth rate by itself is not an ideal measure
in the no-fire scenario because of its mutual dependence on individual traits (e.g., tree size, tree
age) and community characteristics (e.g., tree density, soil fertility, moisture regime). Waring
(1983) argued that a good index of forest health is the efficiency with which a stands grows.
Growth efficiency (GE) was defined as the increment in stand basal area produced per unit leaf

area. Specifically:

Basal area tjme 1 —Basal area time o

Growth efficiency = Equation 3
mean (LAl time 1,LAI time 0)

where time 0 refers to the starting conditions, time 1 refers to conditions ten years in the future,
basal area is the cross-sectional area of trees per unit area, and LAl is the leaf area index. For the
fire scenario, we used the rate of return to pre-fire basal area to quantify forest health differences
between treatment and no-treatment. Specifically for each post-fire interval, we reported the
"fraction retained" of the pre-fire (Year 0) basal area. Since the basal area response was reported
on a relative scale, we expressed growth efficiency relative to the maximum efficiency observed

for the no-fire scenario.

RESULTS

Fuel Treatments and Changes in Forest Structure

Pre-treatment forest structure varied between the two sites (Table A4). In general, the
mixed conifer forests at SP had more late-seral characteristics including high basal area (242
ft*/ac), dense canopy cover (70%), and tall trees (92 ft). Compared to LC, basal area at SP was
80% greater; the canopy was a third taller; and canopy cover was 46% higher on average. The
more open structure at LC supported more trees (i.e., higher tree density) and almost double the

shrub cover (Table A4).
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Table A4: Pre-treatment forest structure at the two study sites. Results based on pre-treatment
measurements were made in 2007 and 2008. Only plots on the core sampling grid were included.
Basal area was calculated for all live trees > 2 in in diameter at breast height (dbh); density was
calculated for live trees > 2 in dbh; canopy cover was defined as tree cover > 6.6 ft; tree height
includes all live trees > 2 in dbh; shrub cover excludes cover from trees < 6.6 ft tall. Means are
reported with standard errors in parentheses. Results include plots with no trees present.

Basal Area | Density | Canopy Cover | Tree Height | Shrub Cover
Site
(ft*/ac) | (stems/ac) (%) (ft) (%)
133 252 48 47 43
Last Chance
(5.9) (12) (1.9) (1.1) (1.5)
242 218 70 63 26
Sugar Pine
(11.0) (13) (1.8) (1.9) (2.8)

There were three main types of fuel reduction treatments: thinning, mastication, and
prescribed fire. In the treated fireshed at Last Chance, SPLATSs occurred on 18.4% of the area;
considerably more area was treated at Sugar Pine -- 29.3% (Table A5). Thinning at LC was
separated into two types, tractor thinning and cable logging, based on harvest prescriptions and
subsequent post-treatment fuel conditions. Some tractor thinning units at SP were followed by
mastication, which removes small trees and shrubs, converting ladder fuels to surface fuels. At
the time of our re-measurement (2013) at SP, no prescribed fire treatments had been

implemented.

For all surface fuels categories, pre-treatment plot averages were higher at SP compared
to LC (Table A6, Table A7). Although treatment area was more extensive at SP (Table AS5),
treatments tended to be more intensive at LC. As results, we observed greater changes in fuels
and forest structure variables (e.g., litter, woody fuels, canopy cover, tree density, and basal area)
for a given treatment type at LC (Table A6, Table A7, Figure A7). Plots in cable logging units
had to be relocated, prohibiting direct comparisons of pre- and post-treatment plot
measurements. For plots that were in masticated units, shrub cover decreased by 50% at LC and

only 10-15% at SP (Figure A7).

A30



Table AS: Cumulative area treated (ac, [% of total watershed area]) for all treatment watersheds,
separated by treatment type.

Type Last Chance Sugar Pine
Mastication 348 (3.1) 217 (3.5)
Thinning 915 (8.3) 1298 (20.7)
Cable Logging 193 (1.7) -
Thinning+Mastication - 328 (5.2)
Prescribed burn 577 (5.2) -
Total 2033 (18.4) 1843 (29.3)
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Table A6: Average (1 standard error) of surface fuels (tons ac’) and shrub cover, by treatment
type, collected from plots in the Last Chance study area. C-thin, cable logging.

Control Burn Mastication Thinning C-thin
Pre-treatment
Litter 7.7 (0.3) 8.2(1.4) 3.5(0.8) 11.0 (0.1) 4.7 (0.3)
Litter + 1-hr 7.9 (0.3) 8.4(1.4) 3.6 (0.7) 11.2(0.1) 4.9 (0.3)
1000-hr 10.8 (1.3) 2.8 (0.8) 1.9 (1.7) 13.7 (0.3) 17.7 (15.0)
1-1000-hr 13.1(1.4) 5.4 (1.2) 3.3 (1.7) 16.9 (0.3) 22.0 (14.9)
Total 37.3(1.9) 28.7 (4.8) 12.5(2.9) 49.1 (0.4) 41.9 (13.3)
Fuel depth (in) 1.4 (0.1) 1.2 (0.1) 0.6 (0.2) 1.7 (0.0) 2.2(0.0)
Shrub cover (%) 45.6 (1.5) 37.0 (9.8) 50.3(9.8) 24.0 (0.4) 42.5(4.2)
Shrub height (ft) 2.4(0.1) 1.6 (0.4) 2.3(0.4) 1.1 (0.0) 1.6 (0.4)

Post-treatment

Litter 6.7(0.3) 53(12) 43(0.6) 6.6 (0.1) 22.0 (17.3)
Litter + 1-hr 7.0 (0.3) 55(1.2) 45 (0.6) 6.8 (0.1) 222 (17.4)
1000-hr 10.0 (1.2) 35(15) 44(338) 82(02) 3.4(1.7)
1-1000-hr 14.0 (2.4) 6.1(1.8) 6.5(3.9) 12.3(0.2) 7.4 (1.9)
Total 422(3.1) 32,6 (5.7) 232 (4.3) 449(04) | 94.0(46.1)
Fuel depth (in) 1.5(0.1) 1.1(0.3) 1.1(02) 1.8(0.0) 44(1.8)
Shrub cover (%) | 46.5 (2.5) 42.4(9.5) 26.9 (8.1) 12.3(0.3) 0.7 (0.7)
Shrub height (1) 22(0.1) 13(02) 1.8(0.8) 0.9 (0.0) 02(0.2)
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Table A7: Average (1 standard error) of surface fuels (tons ac’) and shrub cover, by treatment
type, collected from plots in the Sugar Pine study area. Thin+Mast, thinning followed by

mastication.
Control Mastication Thinning Thin+Mast
Pre-treatment
Litter 12.0 (2.1) 11.2 (2.7) 21.4 (3.0) 15.7 (2.3)
Litter + 1-hr 12.1 (2.2) 11.3(2.7) 21.5(3.0) 15.8 (2.2)
1000-hr 13.4(6.2) 5.3(1.8) 14.1 (5.4) 9.4(2.3)
1-1000-hr 25.4(10.4) 9.0(2.7) 21.4(7.2) 17.9 (3.8)
Total 65.7 (14.2) 37.0 (7.0) 72.4(9.9) 65.8 (6.9)
Fuel depth (in) 2.0(0.4) 2.3(0.7) 3.3(0.5) 2.4(0.4)
Shrub cover (%) 25.1(7.4) 39.6 (6.9) 20.1 (6.9) 20.3(7.1)
Shrub height (ft) 3.0(0.7) 7.0 (0.8) 2.6 (0.7) 3.9(0.6)
Post-treatment

Litter 11.0 (2.5) 9.6 (1.6) 13.1(2.1) 12.2 (2.3)
Litter + 1-hr 11.1(2.5) 9.9 (1.6) 13.4(2.1) 12.4 (2.3)
1000-hr 12.6 (5.0) 9.1(4.4) 18.0 (10.2) 16.5(7.1)
1-1000-hr 19.0 (7.3) 14.5 (4.5) 23.8(10.3) 21.0 (6.7)
Total 60.9 (11.1) 43.8 (5.7) 72.5 (13.8) 72.1 (14.9)
Fuel depth (in) 2.3(0.6) 2.4 (0.5) 3.3(0.8) 4.0(1.2)
Shrub cover (%) 27.6 (7.4) 24.1 (8.0) 15.8 (5.3) 9.1(4.2)
Shrub height (ft) 2.3(0.5) 2.9(0.9) 1.4 (0.3) 2.7 (0.6)
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Figure A7: Changes in forest structure by treatment type at both SNAMP study sites. Results
based on pre- and post-treatment forest inventory plot measurements. Tree density and basal area
are for trees with diameters > 2 in. CONT, control; MAST, mastication; THIN, thinning; C-
THIN, cable logging; THIN/MAST, thinning followed by mastication; BURN, prescribed fire.
*Only two plots were located in cable logging units and these had to be relocated for post-
treatment measurements, prohibiting direct comparisons to pre-treatment measurements.

From 2007-08 to 2013, the mortality rate of overstory trees (dbh > 7.67 in) in the control
firesheds ranged from 1.57%/yr (95%CI: 1.2 — 2.0 %/yr) at LC to 1.05%/yr (95%CI: 0.6 to
1.7%/yr) at SP (Figure A8). The implementation of SPLATS significantly increased (based on
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non-overlap of 95% CI) the death rate in treatment firesheds by about 1.2 percentage points at
each site. This increase can be directly attributed to SPLATSs and not background differences
between control and treatment firesheds. When harvest removals were excluded in the
calculation of mortality in the treatment firesheds, we obtained values indistinguishable from

controls (Figure A8).
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Figure A8: The mean annual mortality rate of overstory trees (dbh > 7.67 in) in the control and
treated plots at the SNAMP study sites in the Sierra Nevada, CA. Rates were calculated by
tracking the fate of tagged trees between 2007-08 and 2013 inventories. Only trees in the plots
from the core grid were included to ensure a representative sample. CONT refers to the control
firesheds; TRT refers to the treatment firesheds; TRT-no is the mortality rate in the treatment
firesheds if harvested trees are excluded from consideration. Error bars represent 95%
confidence intervals.

The higher mortality rate in the treatment firesheds translated into net reductions in tree
basal area and tree density in the treatment firesheds (Table A8, Table A9). For both basal area
and density, the magnitude of forest structural changes was smaller in the control firesheds than

in the treatment firesheds. At Last Chance, the treatments led to an approximate 10% net
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decrease in tree basal area and an 11% decrease in total (overstory + understory) tree density
(Table A8). The emphasis on mastication treatments at SP was evident. The largest changes
related to SPLATSs at SP were a 15% net reduction in understory tree density and a 35%
reduction in shrub cover (Table A9). Canopy cover and big tree density (defined as trees that
serve as critical habitat elements for spotted owl and Pacific fisher, Chapter A4) barely changed

between control and treatment firesheds at either site (Table A8, Table A9).

It is important to note that despite the documented treatment effects at the plot and
fireshed level, none of the treatment impacts (Equation 1) reported in Table A8 and Table A9
were statistically significant (p < 0.05) based on test of the interaction term in the full-factorial
analysis of variance (Smith 2002). In other words, we did not detect a SPLATSs effect on forest
structure in the treated firesheds compared to the changes with time in the control firesheds. At

the standard of p < 0.1 level, treatment impacts on shrub cover at Sugar Pine were significant.

Forest Health

There were no changes in tree size distribution in pre-to-post treatment greater than 10%
in any of the firesheds. At all sites, tree density declined exponentially with size class (Figure
A9, Figure A10). The largest shift from this reverse-J shaped distribution was observed in the
control fireshed at LC (Figure A9A). The post-treatment size distribution is less concentrated in
the small diameter classes that the pre-treatment distribution. Such a shift results in a departure
index (M) = 0.30 [min-max: -0.36; 1.64]. However, this move toward a more uniform size

distribution was still within the 95% CI of a 10% change: M (95%CI) =-0.14; 0.37.

A36



Table A8: SPLATS treatment impact on forest structure at the Last Chance site. Results based on forest inventories. Pre-treatment
measurements were made in 2007 and 2008. Post-treatment measurements were made in 2013. Only plots on the core sampling grid
were included. Basal area was calculated for all live trees > 2 in in diameter at breast height (dbh); overstory density was calculated
for live trees > 7.67 in dbh; understory density was calculated for live trees trees > 2 in dbh and < 7.67 in dbh; big tree density was
calculated for live tree > 28 in in dbh; canopy cover was defined as tree cover > 6.6 ft. Means are reported with standard errors in
parentheses. For change over time/treatment (A), the 95% confidence interval for the difference in means is reported in brackets. The

estimate of treatment impact is the difference of means between control and treatment (Equation 2.1).

Control Fireshed Treatment Fireshed Treatment
pre post A pre post A Impact
Basal area 138 134 -4 142 125 -18 -14
(ft*/ac) (8) 9) [-29; 20] (8) (8) [-45; 3] (17)
Overstory density 76 73 -3 86 77 -9 -6
(stems/ac) 4) 4 [-13; 8] 4) 4) [-20; 3] ()
Understory density 193 147 -46 241 169 -72 -26
(stems/ac) (15) (12) [-84; -10] (19) (16) [-122; -23] (€28
Big tree density 16 16 0 16 16 0 0
(stems/ac) (1 (1 [-3; 4] ey (1 [-3; 4] 2)
Canopy cover (%) 46 52 6 48 53 5 -1
py ° (1.7) (1.9) [-8.5; 1.2] (2.1) (2.2) [-10.5; 1.7] (3.9)
46 45 -1 42 45 3 4
o
Shrub cover (%) (2.0) (2.0) [-5.1; 6.0] @2.1) (4.9) [-14.1; 7.7] (5.8)
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Table A9: SPLATS treatment impact on forest structure at the Sugar Pine site. Results based on forest inventories. Pre-treatment
measurements were made in 2007 and 2008. Post-treatment measurements were made in 2013. Only plots on the core sampling grid
were included. Basal area was calculated for all live trees > 2 in in diameter at breast height (dbh); overstory density was calculated for
live trees > 7.67 in dbh; understory density was calculated for live trees trees > 2 in dbh and < 7.67 in dbh; big tree density was
calculated for live tree > 28 in in dbh; canopy cover was defined as tree cover > 6.6 ft. Means are reported with standard errors in
parentheses. For change over time/treatment (A), the 95% confidence interval for the difference in means is reported in brackets. The
estimate of treatment impact is the difference of means between control and treatment (Equation 2.1).

Control Fireshed Treatment Fireshed Treatment
pre post A pre Post A Impact
Basal areca 265 267 2 231 223 -8 -10
(ft*/ac) (19) (20) [-53; 57] (13) (14) [-44; 29] (32)
Overstory density 89 87 -2 125 114 -11 -9
(stems/ac) @) 7 [-22; 19] @) (7 [-30; 8] (14)
Understory density 100 103 3 158 137 -21 -24
(stems/ac) (14) (15) [-40; 45] (15) (14) [-62; 19] (31)
Big tree density 23 23 0 17 18 1 1
(stems/ac) () () [-4; 6] (1 (2) [-3; 5] 3)
Canopy cover (%) 68 69 1 71 72 1 0
Py ° (2.9) (3.1) [-9.1; 7.6] 2.3) 2.7) [-8.1; 6.1] (5.6)
21 22 1 30 22 -8 -9
o
Shrub cover (%) (4.1) (4.4) [-12.8; 10.9] (3.8) (3.4) | [2.1;17.8] (7.9)
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Figure A9: Changes in tree diameter distributions in the Last Chance site in the Sierra Nevada,
CA. Pre-treatment results based on data from the 2007-08 inventory data collected from plots in
the core grid. Post-treatment results based on data from 2013 inventory. DBH class represents 4-
in dbh classes.
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Figure A10: Changes in tree diameter distributions in the Sugar Pine site in the Sierra Nevada,
CA. Pre-treatment results based on data from the 2007-08 inventory data collected from plots in
the core grid. Post-treatment results based on data from 2013 inventory. DBH class represents 4-
in dbh classes.
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All the firesheds were dominated by tree species representative of the mixed conifer
forest (Fites-Kaufman et al. 2007). While there was variation in species dominance between LC
and SP and between control and treatment firesheds (Figure A11, Figure A12), implementation
of SPLATS resulted in only modest changes in composition. At LC, the largest shift related to
treatments was a 14% decrease in white fir (ABCO) with corresponding increases of 16% in
ponderosa pine (PIPO) and 12% in sugar pine (PILA) (Figure A11). At SP, the fuel treatments
reduced the relative basal area of the most dominant species in the fireshed -- incense-cedar

(CADE) -- by 7% (Figure A12). White fir and black oak (QUKE) both increased by 9%.
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Figure A11: Changes in tree species composition in the Last Chance site in the Sierra Nevada,
CA. Pre-treatment results based on data from the 2007-08 inventory data collected from plots in
the core grid. Post-treatment results based on data from 2013 inventory. Means with standard
errors reported. Species codes: ABCO, white fir (4bies concolor); ABMA, California red fir (4.
magnifica); CADE, incense-cedar (Calocedrus decurrens); PILA, sugar pine (Pinus
lambertiana); PIPO, ponderosa pine (P. ponderosa); PSME, Douglas-fir, (Pseudotsuga
menziesii); QUKE, black oak (Q. kelloggii); HARD, other hardwood species; SOFT, other
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Figure A12: Changes in tree species composition in the Sugar Pine site in the Sierra Nevada,
CA. Pre-treatment results based on data from the 2007-08 inventory data collected from plots in
the core grid. Post-treatment results based on data from 2013 inventory. Means with standard
errors reported. Species codes: ABCO, white fir (4bies concolor); ABMA, California red fir (4.
magnifica); CADE, incense-cedar (Calocedrus decurrens); CONU, mountain dogwood, (Cornus
nuttallii); PILA, sugar pine (Pinus lambertiana); PIPO, ponderosa pine (P. ponderosa); PSME,
Douglas-fir, (Pseudotsuga menziesii); QUCH, canyon live oak (Quercus chrysolepis); QUKE,
black oak (Q. kelloggii); SEGI, giant sequoia (Sequoiadendron giganteum); HARD, other
hardwood species.
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Fire Simulations

Despite similarities in weather and fuel moisture conditions (Table A2) and fuel model
assignments (Table A3) used in the fire modeling, overall fire behavior tended to be higher at LC
compared to SP. Differences are partly due to forest structure attributes; for example, average
shrub cover and small tree density were higher at LC compared to SP (Table A4, Figure A7,
Figure A9, Figure A10). FARSITE fire modeling showed that most treatments reduced flame
length and fire type not only within the treated units (Figure A13), but also across the study areas
(Figure A14). The largest decrease in average flame length was within prescribed fire (LC only)
and thinning followed by mastication (SP only) treatment units. Cable logging at LC left activity
fuels on site (Table A6), which resulted in a slash-blowdown fuel model being assigned, and
consequently had higher post-treatment flame lengths and crowning. To estimate potential offsite
effects from treatments we extracted FARSITE output pixel values within a 1,640 ft (500 m)
buffer area outside treatment boundaries. There was a decrease of 23% and 44% in average
flame length at LC and SP, respectively. Treatments were effective at decreasing the proportion

of stand crowning in the buffer area by 51% at LC but not at SP (decrease of 1%).

Similarly, overall conditional burn probability (CBP; fire occurring with flame lengths >
6.6 ft) tended to be higher at LC (Figure A15) compared to SP (Figure A16). This was also
reflected in the average fire size for either treatment scenario from the wildfire simulations (Year
0 in Figure A17). Topography and dominant wind direction influenced fire spread resulting in

higher CBPs on the west side of the study area at LC and on the east side at SP.

There was a low to moderate decrease in hazardous fire potential (flame lengths > 6.6 ft)
for the treatment fireshed relative to the control fireshed (Table A10). However, the effect of
time (i.e., pre- to post-treatment changes in the control fireshed) was mixed; with decreases in
both fire metrics at LC but only one at SP. Thus the treatment impact on hazardous fire potential
varied with a greater reduction in the extent of the fireshed with flame lengths > 6.6 ft obtained

for SP and a larger decrease in high conditional burn probabilities for LC (Table A10).
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Figure A13: Changes in average flame length and proportion of the stand crowning by treatment
type. Results based on comparisons of FARSITE pre- and post-treatment fire growth
simulations. Cont, control; Mast, mastication; Thin, thinning; C-Thin, cable logging; Thin+Mast,
thinning followed by mastication; Burn, prescribed fire.
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Figure A14: Simulated flame lengths for forest conditions pre- (left) and post-(right)
implementation of SPLATSs. Results based on FARSITE fire growth simulations. Models were
parameterized with plot-level tree lists and scaled to stand polygons using vegetation map. The
simulated wildfire occurs immediately after pre- and post-treatment plot measurements. Thin,
thinning; Mast, mastication; Thin+Mast, thinning followed by mastication; Cable, cable logging;
Burn, prescribed fire.
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The lower post-treatment CBP relative to the pre-treatment scenario (2008) was evident
across both study sites in 2023 and 2033, returning to pre-treatment levels by 2043 (Figure A15
and A16). Patterns of forest growth derived from the FVS showed either a leveling or continuous
increase in most attributes, for both treatment scenarios, up to 30 years post-treatment (Figure
A18, Figure A19). However, as indicated by the fire size comparisons (pre- and post-treatment
without fire scenarios), the effects of SPLATSs was negligible by 2033 at SP (Year 20 in Figure
Al7).

Figure A15: Conditional burn probabilities for which flame lengths > 6.6 ft at Last Chance.
Burn probabilities are reported for pre- and post-implementation of fuel reduction treatments as
well as during 30 years of simulated forest growth. Estimates are based on 10,000 random
ignitions under 90" percentile wind and fuel moisture conditions. Cable, cable logging; Thin,
thinning; Mast, mastication; Burn, prescribed fire.
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Figure A16: Conditional burn probabilities for which flame lengths > 6.6 ft at Sugar Pine. Burn
probabilities are reported for pre- and post-implementation of fuel reduction treatments, as well
as during 30 years of simulated forest growth. Estimates are based on 10,000 random ignitions
under 90" percentile wind and fuel moisture conditions. Thin, thinning; Mast, mastication;
Thin+Mast, thinning followed by mastication.
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Incorporating effects of a wildfire and forest growth through FVS on both treatment scenarios

show pronounced differences in recovery rates for most forest attributes (Figure A18, Figure

A19), and therefore much different rates of change in CBP (CBP maps for fire scenarios not

shown, see Figure A17). Following 30 years of forest growth in the fire scenario, the recovery

towards pre-treatment averages was higher for the treatment scenario.

Table A10: Changes in fireshed-level fire behavior at both study sites. CBP, conditional burn

probability for flame lengths > 6.6 ft (2 m).

Control Fireshed Treatment Fireshed Treatment
Last Chance Impact
Pre | Post A Pre | Post A
Percentage of fireshed with flame
lengths > 6.6 ft (2 m) 283|241 | 4.2 329 | 225 | -104 -6.2
Percentage of fireshed with CBP > 0.1 | 54.3 | 40.5 | -13.8 59.3 | 40 -19.3 -5.5
S pi Control Fireshed Treatment Fireshed Treatment
ugar Pine
& Pre | Post A Pre | Post A Impact
Percentage of fireshed with flame
lengths > 6.6 ft (2 m) 25 | 287 | +3.7 293 | 253 -4 -1.7
Percentage of fireshed with CBP > 0.1 | 67.3 | 543 | -13 29 12.3 | -16.7 -3.7
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Figure A17: Average (1 standard error) fire sizes for wildfire simulations performed using
RANDIG. Fire sizes are reported for all four treatment-fire scenarios (see Table A1), with pre-
and post-implementation of fuel reduction treatments reflected at Year 0, and without (top) and
with (bottom) incorporating the effects of a FARSITE wildfire simulation expressed at Year 10.
The simulated fire occurs immediately after Year 0 is measured. For all four scenarios, RANDIG
simulations were performed during 30 years of simulated forest growth. Estimates are based on
10,000 random ignitions under 90™ percentile wind and fuel moisture conditions.
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Figure A18: Average (one standard error) forest stand attributes, by treatment type, for all four
fire-treatment scenarios at Last Chance. Treatment scenarios are pre- and post-implementation of
fuel reduction treatments reflected at Year 0, combined with (filled bars) and without (open bars)
incorporating the effects of a FARSITE wildfire simulation, with differences shown at Year 10.
The simulated fire occurs immediately after Year 0 is measured. Attributes were calculated for
each scenario during 30 years of simulated forest growth. Cable, cable logging; Thin, thinning;
Mast, mastication; Burn, prescribed fire; CBH, canopy base height; CBD, canopy bulk density.
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Figure A19: Average (one standard error) forest stand attributes, by treatment type, for all four
fire-treatment scenarios at Sugar Pine. Treatment scenarios are pre- and post-implementation of
fuel reduction treatments reflected at Year 0, combined with (filled bars) and without (open bars)
incorporating the effects of a FARSITE wildfire simulation, with differences shown at Year 10.
The simulated fire occurs immediately after Year 0 is measured. Attributes were calculated for
each scenario during 30 years of simulated forest growth. Thin, thinning; Mast, mastication;
Thin+Mast, thinning followed by mastication; CBH, canopy base height; CBD, canopy bulk
density.
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Integration

Pre-treatment crown fire potential was much higher at LC (Figure A20A) compared to SP
(Figure A20B) in the treatment fireshed. The effect of SPLATs on CBP is evident at Year O (no
fire scenario, blue bars in Figure A20), a 28% and 34% decrease at LC and SP, respectively. This
difference wanes over time to only 2-4% by Year 30. Following essentially a zero CBP for either
scenario immediately following simulated fire (red bars in Year 10), by Year 20 the recovery in
CBP towards initial values (blue bars in Year 0) for the treatment scenario (light red bar) reached
67% at LC and 96% at SP. For the no treatment scenarios at Year 20 (stripe red bar) the recovery
was slower, reaching 44% and 72% at LC and SP, respectively.

Overall the modeling results show consistent improvements in forest health with
SPLATS. At both sites, a higher fraction of the pre-treatment basal area was retained (red bars)
with SPLATs when there was a simulated fire (Figure A21). The treatment effect was greater at
LC (Figure A21A). In Year 10 at LC, SPLATS reduced overall losses due to fire from 52% (no
SPLATS, 0.48 fraction retained) to only 34% (with SPLATS, 0.66 fraction retained). As the
forest grew, these differences were maintained through Year 30 (Figure A21A). In contrast,
under the no-fire scenario, SPLATSs improved growth efficiency more at SP. Between Year 0
and Year 10, growth efficiency was more than double with treatments (Figure A21B). At LC,
small increases in growth efficiencies with SPLATSs only emerged 20 years after the fire (Figure
A21A). Despite the small relative improvement in growth efficiency at LC, in absolute terms
trees at LC had a much higher growth efficiency. For example, at Year 10 in the untreated, no-
fire scenario, growth efficiency at LC was 7.1 ft2/ac per unit leaf area. This efficiency was
almost ten times greater than the rate at SP -- 0.8 ft2/ac per unit leaf area. Apparently, the
relatively small changes in density and canopy cover associated with SPLATSs lead to
disproportionately large improvements in growth efficiency at the site that started with more

basal area and higher canopy cover (Table A4).
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A. Last Chance

B. Sugar Pine

Figure A20: Changes in conditional burn probability by treatment and time. Results based on
fire and forest growth simulations. Models were parameterized with plot-level tree lists and
scaled to the fireshed using remote sensing. The simulated fire occurs immediately after Year 0
is measured. Results for the treated fireshed only.
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A. Last Chance

B. Sugar Pine

Figure A21: Trends in measures of forest health by treatment scenario. For the fire scenarios,
forest health is expressed as the fraction of the Year 0 basal area that is retained (red bars). For
the no fire scenarios, forest health is expressed as the relative growth efficiency (blue bars). The
simulated fire burns immediately after Year 0 is measured. Results for the treated fireshed only.
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DISCUSSION

Response to SPLATS

Our results demonstrate that SPLAT networks as implemented according to the Sierra
Nevada Forest Plan Amendment (USFS 2004) do reduce the risk and effects of
uncharacteristically severe fire. This conclusion is based on a fully implemented treatment
project, with a detailed inventory plot network, incorporating simulated wildfire effects to model
fire behavior and forest growth. Comparable studies of SPLATS on fire behavior in fire-frequent
conifer forests support this conclusion (Ager et al. 2007, Moghaddas et al. 2010, Collins et al.
2011, 2013). Our results are also consistent with SPLAT theory (Finney 2001) in that fire
behavior was reduced not only in treated areas but also across the landscape, particularly on the
leeside of treatments (Weatherspoon and Skinner 1996, Collins et al. 2013). Fuel treatments that
targeted both ladder and surface fuels (e.g., thinning and prescribed fire at LC, thinning followed
by mastication at SP) were the most effective at reducing simulated fire behavior (Stephens et al.

2009, Moghaddas et al. 2010).

When we scaled our results via landscape imputation and simulation modeling, results
suggest that SPLATSs improved forest health as measured by the fraction of basal area retained
(fire scenario) and growth efficiency (no-fire scenario). The increase in the fraction of basal area
retained in the treated firesheds with a simulated problem fire (Figure A21) is the expected
outcome given that SPLATSs reduced the probability of trees being exposed to damaging flame
lengths (Figure A20). In the no-fire scenario, ecological theory (e.g., Ford 1975) and forestry
practice (e.g., Lemmon and Schumacher 1962) predict improved growth resulting from a
reduction in tree density. Indeed we did detect absolute increases in growth. For example, at SP
basal area increased in the treated fireshed at a rate of 0.89 ft*/ac per year — a rate more than
double that of the control fireshed (0.34 ft*/ac per year). In contrast at LC, there was no treatment
related increase in absolute basal area in the model results. Both LC firesheds grew fast at an
average rate of 2.8 ft */ac per year. However, by focusing on growth efficiency as the measure of
tree vigor, we did see improvements realized at both sites (Figure A21). As noted by Waring

(1983) and supported by Zierel (2004), the ratio of foliage extent to tree growth is a sensitive
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indicator of tree vigor. Thus, the increase in growth efficiency at both sites implies that the trees

in the treated firesheds are healthier and less susceptible to mortality agents (Waring 1985).

Fire

Based on our simulations, fuel treatment scale and intensity should have the capacity to
modify landscape fire behavior at both sites for two to three decades. Last Chance has an overall
higher fire risk compared to Sugar Pine as indicated by the higher fireshed-level CBP, which is
attributed to differences in forest structure--Sugar Pine has lower tree density and higher basal
area and canopy base height-- and management history. It appears that hazard in untreated areas
continues to increase (Collins et al. 2013), which is also demonstrated empirically at the stand-
level by Stephens et al. (2012). This increased hazard in untreated areas over time may reduce
the overall effectiveness of the fuel treatment network. Although we do not model it,
maintenance treatments that would reduce surface fuels, namely prescribed fire, would probably
extend treatment longevity across both landscapes. This is especially true considering most of the
treatments focused on reducing ladder fuels, resulting in augmented surface fuels or a negligible

change compared to pre-treatment fuel conditions.

The overall 4% reduction in potential fire behavior after SPLATs were installed at the
Sugar Pine site is small and does not reduce the potential for high severity fire as much as
intended by the project. Since this southern Sierra Nevada site is within the Pacific Fisher’s
range the intensity of fuels treatments were limited. Almost no change in the forest canopy was
detected and surface fuels were still moderate after treatment because of no use of prescribed fire
mainly because of air quality constraints. Ladder fuels were the main component removed at this
site which can lower the probability of passive crown fire (Agee and Skinner 2005, Stephens et

al. 2009) but can still leave the overall landscape at relatively high risk to severe fire.

The overall goal of protecting the Pacific Fisher is logical but leaving large forested
landscapes that are the core of its habitat with high fire hazards is likely to fail in the long-term,
especially with warming climates. A recent paper that analyzed 1911 landscape-scale (> 25,000
acres) forest structure from mixed conifer and ponderosa pine forests in the southern Sierra

Nevada found high heterogeneity in structure before the impacts of harvesting or fire suppression
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(Stephens et al. 2015). In 1911, total tree basal area ranged from 4 — 261 ft* acre™ (1 to 60 m*
ha') and tree density from 1 — 67 trees acre™ (2 - 170 ha')(based on trees > 12 inches dbh).
Comparing forest inventory data from 1911 to the present indicates that current forests have
changed drastically, particularly in tree density, canopy cover, the density of large trees,
dominance of white fir in mixed conifer forests, and the similarity of tree basal area in
contemporary ponderosa pine and mixed conifer forests. Average forest canopy cover increased
from 25-49% in mixed conifer forests, and from 12-49% in ponderosa pine forests from 1911 to
the present. Current forest restoration goals in the southern Sierra Nevada are often skewed
toward the higher range of these historical values, which will limit the effectiveness of these
treatments if the objective is to produce resilient forest ecosystems into the future, as was found
in the Sugar Pine site. Allowing more of the mixed conifer forests in the Sugar Pine area to
received treatments that produced forest structures similar to those found in 1911 would have

reduced potential fire behavior more than the 4% observed in this study.

One of the main limitations in evaluating the effectiveness of landscape fuel treatments is
the reliance on simulated fire behavior from a single fire. Recent studies have been critical of
commonly used fire behavior modeling techniques (Alexander and Cruz, 2013). In particular,
these and other studies (Hall and Burke, 2006) have noted a general under prediction of crown
fire. Characterization of surface and ladder fuels, represented as surface fuel models and canopy
base height in commonly used modeling software, are the most influential inputs determining
predicted fire behavior (Hall and Burke, 2006). In addition to their importance in capturing static
assessments of altered fuel conditions in treated areas (e.g., Moghaddas et al., 2010), surface fuel
models and canopy base height are essential for dynamic characterizations of changing surface
and ladder fuels over time as well (e.g., Seli et al., 2008; Collins et al., 2011, 2013). Despite the
importance of these two input variables, little work has been done to analyze the sensitivity of
landscape fire behavior predictions, thus assessments of landscape fuel treatment effectiveness,
to changes in these two variables. Furthermore, the coupling of forest dynamics models with
landscape-scale fire behavior models is being implemented operationally in forest planning (e.g.,
Collins et al., 2010). Our findings provide guidance in the use of these models, which potentially

improve planning outcomes and management on-the-ground.
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Our previous research showed that stand canopy base heights (CBH), when projected
using the forest dynamics models in FVS, increased considerably over time in untreated stands
(Collins et al. 2011). This occurs at a rate that is difficult to justify ecologically, especially given
the large proportion of shade-tolerant species present in many stands. Since predictions of
hazardous fire potential are sensitive to CBH, modifications have been made by manipulating
regeneration ingrowth levels (Collins et al. 2011, 2013). For this study, in addition to ingrowth
levels used in Collins et al. (2011), we modified the default CBH in FVS by using the FVS
output from the previous cycles, thereby slowing the rate of change. For fire scenarios we only
modified the last cycle (2043) by using CBH values from the previous cycle (2033). While CBH

still increased over time, this resulted in a more stabilized, realistic change in CBP over time.

It is likely that the fuel model selection logic we developed had an impact on conditional
burn probability and fire size outputs over the simulated duration. Our assumptions that thinned
and burned stands progressed from moderate-load conifer litter to high-load conifer litter surface
fuel models and, by the final cycle, entered into the untreated selection logic may or may not
represent realistic fuel recovery (Collins et al. 2011). Our fuel model succession logic was aided
by Davis et al. (2009), in which transitions from one fuel model to the next were based on both
fire severity and time since fire. Very little research has been done in this area, and more
empirical studies of fuel recovery after wildfires, prescribed fires, and mechanical fuel treatments
are needed to form robust methodologies for dynamically assigning fuel models in long-term

simulation studies.

Finally, a source of error in our study is the use of a stand-level model (FVS-FFE) to
generate fire behavior modeling inputs across our study landscape. Our approach used a base
vegetation map to delineate stands, with vegetation and fuel data from over 600 field plots in an
attempt to capture the diverse vegetation conditions across our large study areas, allowing for a
more detailed quantification of vegetation structure and fuels, which are then simulated
independently for the study duration. The base map combined the lidar data with multispectral
aerial imagery to predict composition and structure in a 20x20 m? grid (Su et al. 2015b). This
“pixel-based” product was then aggregated to stands using an object-of-interest segmentation

method (Appendix B-Spatial in this report). Aggregating pixels to stands in order to create the
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continuous vegetation structure and fuel inputs needed to execute the fire models introduces
abrupt transitions at stand boundaries. These transitions could potentially lead to unrealistic fire
behavior predictions across the landscape. Correlating surface fuel models and forest conditions
is a major limiting factor in fire behavior modeling research (but see Lydersen et al. 2015). Lidar
data has unlimited potential to provide quantitative information at finer spatial scales that will
inevitably help improve fire behavior and fire effects modeling. Despite these potential sources
of error, and the uncertainties associated with FVS-FFE projections, our analyses capture the

effects of the fuel treatment network in both study sites reasonably well.

Forest health

The implementations of SPLATSs at Last Chance and Sugar Pine led to only minor
immediate effects on forest structure and species composition. While we did detect the post-
treatment increase in overstory tree mortality due to thinning, fireshed-scale changes related to
forest health were more subtle. Indeed based on the plot inventory data, none of the structural
changes were statistically different from the baseline trends observed in the control firesheds
(Table A8, Table A9). Several factors account for this lack of structural change. The
management priorities at both sites focused on reducing surface and ladder fuels with explicit
goals to retain large trees and maintain canopy cover (USFS 2009, 2010). Thus treatment
impacts were greatest for understory tree density and shrub cover with minimal shifts in canopy
cover and big tree density (Table A8, Table A9). Also only a fraction of the landscape was
treated. Thus the majority of plots received no treatment (Table AS5). Finally at LC, trends in the
control fireshed also seemed to “track” management goals. For example, tree basal area and
density declined between 2007/08 and 2013 in the control fireshed at LC (Table AS). In the case
of understory trees, the decrease was substantial (24%) and statistically significant (t-test, p
<0.05). These structural changes were also reflected in the fire models. Both fire behavior
metrics at LC declined in the control fireshed under post-treatment conditions (Table A10).
There was no obvious explanation for the observed decrease in understory tree density aside

from self-thinning dynamics in a maturing stand (Vospernik and Sterba 2015).

Changes in tree species composition were also modest (Figure A11, Figure A12). At LC,

reducing white fir dominance while increasing the pine component was an explicit treatment
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goal (USFS 2009). To some extent this target was met. Treatments at LC accounted for a decline
in the relative basal area of white fir (14%) with corresponding increases in both ponderosa and

sugar pine (Figure A11B).

Both sites identified the need to reduce stand densities in order to improve the resiliency,
growth, and vigor of the remaining trees (USFS 2009, USFS 2010). While results from the FVS
growth models support the contention that SPLATSs did improve tree vigor (Figure A11), forest
growth and yield simulators like FVS struggle to predict tree mortality accurately (Hamilton
1990, Battles et al. 2008, Robards 2009). Thus ultimately the measure of success of treatments in
terms of tree vigor is to improve tree survival. This criterion is explicitly stated in the LC
environmental impact assessment (USFS 2009). Subsequent treatment impacts on tree mortality
can be tracked directly by repeat measurements. In addition, Collins et al. (2014) demonstrated a
promising method to measure changes in forest resilience caused by fuel treatments. In fact,
Collins et al. (2014) applied growth-mortality models developed for LC as part of the SNAMP
pre-treatment field campaign. The initial work plan for SNAMP envisioned a post-treatment
follow-up to provide empirical support to the model results, but the abbreviated post-treatment
period (1-2 years) was too short to measure the tree growth response. Thus future work should
prioritize documenting the growth response in order to quantify treatment impacts on future

forest vulnerability.

Summary

There were clear differences in the extent and intensity of the treatments between LC and
SP (Table AS, Figure A7). SPLATSs impact on fire behavior and forest health was further
modified by the ecological and historical differences between the two sites. The treated fireshed
at SP supported a mixed conifer forest that was more crowded with bigger trees (Table A4) but
exposed to a lower initial fire hazard (Table A10). Thus there was a dichotomy in the response
to SPLATS. In terms of modifying fire behavior, the impact of SPLATs was greater at LC; in
terms of improving forest health, the impact was greater at SP. The longevity of the impacts
differed as well. The gains in growth efficiency were maintained through time while the

reductions in flame lengths dissipated with time (Figure A20, Figure A21).
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Results from SNAMP support the promise of SPLATSs. Coordinated treatments across
part of the landscape can help minimize the hazards posed by severe fires and at the same time
meet forest health objectives. However, as noted above, to fully realize the potential of SPLATSs
further refinements are needed. For example, prioritizing surface and ladders fuels may be an
effective means to decrease the risk of crown fire (Safford et al. 2012) while preserving
structural elements (e.g., large trees and high canopy cover) important to wildlife species
dependent on old-forest characteristics (Zelinski et al. 2013); it may not create gaps of sufficient
size to recruit disturbance-dependent trees like ponderosa pine and sugar pine (York et al. 2011).
Devising solutions that support the integrity and function of Sierra Nevada forest ecosystem will
require more strategic thinking (e.g., North et al. 2009, North 2012, Stephens et al. 2014). Given
the extent of the changes wrought by past management and the challenges posed by global
change, the successful strategy will also need to plan for a great deal more management activity

in the forest (North et al. 2015).
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Executive Summary — Spatial Team

The SNAMP Spatial Team was formed to provide support for the other SNAMP science
teams through spatial data acquisition and analysis. The objectives of the SNAMP Spatial Team
were: (1) to provide base spatial data; (2) to create quality and accurate mapped products of use
to other SNAMP science teams; (3) to explore and develop novel algorithms and methods for
Lidar data analysis; and (4) to contribute to science and technology outreach involving mapping
and Lidar analysis for SNAMP participants. The SNAMP Spatial Team has focused on the use of
Lidar — Light Detection and Ranging, an active remote sensing technology that has the ability to

map forest structure.

Lidar data were collected for Sugar Pine (1 17km?) in September 2007 (pre-treatment),
and Nov 2012 (post-treatment); and for Last Chance (107km?) on September 2008 (pre-
treatment) and November 2012 and August 2013 (post-treatment). Field data were collected at
each site according to an augmented protocol based on the Fire and Forest Ecosystem Health
(FFEH) Team plot method. From the Lidar data, field data and aerial imagery (for some of the
products), a range of map products were created, including: canopy height model, digital surface
model and digital terrain model; topographic products (digital elevation model, slope, aspect);
forest structure products (mean height, max height, diameter at breast height (DBH), height to
live canopy base (HTLCB), canopy cover, leaf area index (LAI), and map of individual trees);
fire behavior modeling products (max canopy height, mean canopy height, canopy cover, canopy
base height, canopy bulk density, basal area, shrub cover, shrub height, combined fuel loads, and
fuel bed depth), as well as a map of individual trees, and a detailed vegetation map of each site.
Lidar data have been used successfully in the SNAMP project in a number of ways: to capture
forest structure; to map individual trees in forests and critical wildlife habitat characteristics; to
predict forest volume and biomass; to develop inputs for forest fire behavior modeling, and to
map forest topography. The SNAMP Spatial Team also explored several avenues of
investigation with Lidar data that resulted in eleven peer-reviewed publications, listed in

Appendix B1. Our work has been significant over a range of areas.
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Technical advances from the SNAMP Spatial Team

In a comprehensive evaluation of interpolation methods, we found simple interpolation
models are more efficient and faster in creating DEMs from Lidar data, but more complex
interpolation models are more accurate, and slower (Guo et al. 2010 SNAMP Publication #4).
The Lidar point cloud (as distinct from the canopy height model) can be mined to identify and
map key ecological components of the forest. For example, we mapped individual trees with
high accuracy in complex forests (Li et al. 2012 SNAMP Publication #6 and Jakubowski et al.
2013 SNAMP Publication #24), and downed logs on the forest floor (Blanchard et al. 2011
SNAMP Publication #7). We investigated the critical tradeoffs between Lidar density and
accuracy and found that low-density Lidar data may be capable of estimating plot-level forest
structure metrics reliably in some situations, but canopy cover, tree density and shrub cover were

more sensitive to changes in pulse density (Jakubowski et al. 2013 SNAMP Publication #18).

Lidar data used to map wildlife habitat

Lidar can be used to map elements of the forest that are critical for wildlife species. We
used our data to map large residual trees and canopy cover — two key elements of forests used by
California spotted owl (Strix occidentalis occidentalis) for nesting habitat (Garcia-Feced et al.
2012 SNAMP Publication #5). Lidar also proved useful for characterizing the forest habitat
conditions surrounding trees and snags used by the Pacific fisher (Pekania [Martes] pennanti)
for denning activity. Large trees and snags used by fishers as denning structures were associated
with forested areas with relatively high canopy cover, large trees, and high levels of vertical
structural diversity. Den structures were also located on steeper slopes, potentially associated

with drainages with streams or access to water (Zhao, et al. 2012 SNAMP Publication #16).

Lidar products used in fire behavior modeling

Forest fire behavior models need a variety of spatial data layers in order to accurately
predict forest fire behavior, including elevation, slope, aspect, canopy height, canopy cover,
crown base height, crown bulk density, as well as a layer describing the types of fuel found in the
forest (called the “fuel model”). These spatial data layers are not often developed using Lidar

(light detection and ranging) data for this purpose (fire ecologists typically use field-sampled
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data), and so we explored the use of Lidar data to describe each of the forest-related variables.
We found that stand structure metrics (canopy height, canopy cover, shrub cover, etc.) can be
mapped with Lidar data, although the accuracy of the product decreases with canopy penetration.
General fuel types, important for fire behavior modeling, were predicted well with Lidar, but
specific fuel types were not predicted well with Lidar (Jakubowski et al. 2013 SNAMP
Publication #13).

Use of Lidar for biomass estimation

Accurate estimation of forest above ground biomass (AGB) (all aboveground vegetation
components including leaves/needles) has become increasingly important for a wide range of
end-users. Lidar data can be used to map biomass in forests. However, the availability of, and
uncertainly in, equations used to estimate tree volume allometric equations influences the
accuracy with which Lidar data can predict biomass from Lidar-derived volume metrics (Zhao et
al. 2012a SNAMP Publication #14). Many Lidar metrics, including those derived from
individual tree mapping are useful in estimating biomass volume. We found that biomass can be
accurately estimated with regression equations that include tree crown volume and that include
an explicit understanding of the overlapping nature of tree crowns (Tao et al. 2014 SNAMP
Publication #29). Satellite remote sensing has provided abundant observations to monitor forest
coverage, validation of coarse-resolution above ground biomass derived from satellite
observations is difficult because of the scale mismatch between the footprints of satellite
observations and field measurements. Lidar data when fused with course scale, fine temporal
resolution imagery such as MODIS, can be used to estimate regional scale above ground forest

biomass (Li et al. 2015 SNAMP Publication #37).

Management implications

Our work has several management implications. Lidar will continue to play an
increasingly important role for forest managers interested in mapping forests at fine detail.
Understanding the structure of forests — tree density, volume and height characteristics - is
critical for management, fire prediction, biomass estimation, and wildlife assessment. Optical

remote sensors such as Landsat, despite their synoptic and timely views, do not provide
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sufficiently detailed depictions of forest structure for all forest management needs. We provide

management implications in four areas:

1. Lidar maps and products

e Lidar data can produce a range of mapped product that in many cases more accurately
map forest height, structure and species than optical imagery alone.

e Lidar software packages are not yet as easy to use as the typical desktop GIS software.

e There are known limitations with the use of discrete Lidar for forest mapping - in
particular, smaller trees and understory are difficult to map reliably.

e Discrete Lidar can be used to map the extent of forest fuel treatments; treatment methods
cannot be detected using discrete Lidar, but waveform Lidar might be alternative choice

to map understory change.

2. Wildlife

e Lidar is an effective tool for mapping important forest habitat variables — such as
individual trees, tree sizes, and canopy cover - for sensitive species.

e Lidar will increasingly be used by wildlife managers, but there remain numerous
technical and software barriers to widespread adoption. Efforts are still needed to link

Lidar data, metrics and products to measures more commonly used by managers such as

CWHR habitat classes.

3. Fire behavior modeling
e Lidar data are not yet operationally included into common fire behavior models, and
more work should be done to understand error and uncertainty produced by Lidar

analysis.

4. Forest management

e There is a trade-off between detail, coverage and cost with Lidar. The accurate
identification and quantification of individual trees from discrete Lidar pulses typically
requires high-density data. Standard plot-level metrics such as tree height, canopy cover,

and some fuel measures can reliably be derived from less dense Lidar data.
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e Standard Lidar products do not yet operationally meet the requirements of many US
forest managers who need detailed measures of forest structure that include
understanding of forest heterogeneity, and understanding of forest change. More work is
needed to translate between the remote sensing community and the forest management
community in some areas of the US to ensure that Lidar products are useful to and used
by forest managers.

e The fusion of hyperspectral imagery with Lidar data may be very useful to create detailed

and accurate forest species maps.

The future of Lidar for forest applications will depend on a number of considerations. These
include: 1) costs, which have been declining; 2) new developments to address limitations with
discrete Lidar, such as the use of waveform data; 3) new analytical methods and more easy-to-
use software to deal with increasing data sizes, particularly with regard to Lidar and optical
imagery fusion; and 4) the ability to train forest managers and scientists in Lidar data workflow

and appropriate software.
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1 Introduction

The SNAMP Spatial Team provided support for the other SNAMP science teams through

spatial data acquisition and analysis. The objectives of the SNAMP Spatial Team were to:

1) To provide base spatial data;

2) To create quality and accurate mapped products of use to other SNAMP science teams;

3) To explore and develop novel algorithms and methods for Lidar data analysis; and

4) To contribute to science and technology outreach around mapping and Lidar analysis for

SNAMP participants.

The SNAMP Spatial Team has focused on the use of Lidar — Light Detection and Ranging, an

active remote sensing technology that has the ability to map forest structure. In this report we

refer to the technology as “Lidar”, it is although referred to elsewhere as “LIDAR” and

“LiDAR”.

Lidar works by “sounding” light against a target in a similar way to sonar or radar. The

actual concept that makes Lidar work is quite simple. First, the system generates a short pulse of

electromagnetic energy at a specific
wavelength (i.e., a laser pulse) and
directs it towards a target. In our case,
the sensor is attached to the underside
of an aircraft and the laser is directed
towards the ground. The wavelengths
used are typically in the visible or near
infrared region of the electromagnetic
spectrum, mostly because the
production of such lasers is
inexpensive. The laser pulse is emitted
towards the earth, reflected back
towards the airborne sensor where it is
detected and recorded. Because the

speed of light is known, the round-trip

Laser
Illuminator

First Return

Distance 1

Multiple Return

Distance (m)

Distance 2

Delay (nanoseconds)

Multiple Return

Distance 3

Last Return

Bare Earth

Figure B1: Discrete return Lidar System. Graphic
modified from Lefsky et al. 2002 with tree from
globalforestscience.org.
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time for the pulse of light is converted to distance. Simultaneously, the aircraft’s exact position
and orientation is measured by an attached global positioning system (GPS) and inertial
measurement unit (IMU). The combination of all the above measurements allows us to
backtrack and calculate the three-dimensional position where the light pulse was reflected

(Dubayah and Drake 2000; Lefsky et al. 2002; Roth et al. 2007; Vierling et al. 2008).

In the simplest case, light is reflected by the ground back to the airborne sensor where it
is measured and converted to ground elevation. In a more complex situation, for example over a
forest, the light can be reflected either by the ground, by the top of a tree, or it can be bounced
around by the branches and leaves before returning to the sensor. In a more realistic situation,
light can also undergo more convoluted behaviors such as scattering by the atmosphere and
bouncing from a target towards a completely different direction, in which case it is never
detected. The above process is repeated many times per second (the laser pulse repetition
frequency) to map out the surface structure below. The collection method quickly leads to
immense number of measurements over a relatively small area, and large file size is one of the
challenges in processing and storing Lidar data. This predicament is compounded by the fact
that there are multiple possible measurements for any sensed light pulse, as described below.
Initially, laser systems were capable of simply detecting a returned pulse (or “a return”). Better
understanding of the laser ranging system and improvements in technology led to more
comprehensive measurements. Many commercial Lidar systems are now capable of collecting
four or more returns and their intensities for each sent pulse — that is eight recorded values for
every sensed location. Although this significantly increases the size of data and slows down its
analysis, the additional information is very valuable. In a forest setting, multiple returns are
fractions of the primary laser pulse reflected by the many parts of tree crown, branches, shrubs,
or the understory. Their significance comes in the ability to describe forest structure as opposed
to simply the average elevation of an area. The pulses intensity can also be recoded. The
intensity of a pulse is related to the reflectance (i.e., albedo) of the target material — high intensity

indicates a highly reflective material such as white paint or bright sand.

There are currently two common types of Lidar systems: full waveform and discrete,

small footprint pulse. Thus far, we have only described a discrete pulse system. The major
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difference between waveform and discrete system can be attributed to their characterization of
vertical structure of measurement — where a pulse system collects, four vertical points at a
location, the waveform system completely describes the vertical characteristic. A discrete return
system is demonstrated in Figure B1. Waveform Lidar can provide a better description of forest
structure than a discrete system. However, the footprint and spatial resolution of a waveform
system is typically much larger and therefore does not provide as much detail about the forest
system as a discrete system. The benefits and efficacy of a discrete system outweigh currently

available waveform Lidar for the purposes of the SNAMP project.

Another important aspect of discrete Lidar data is its point density, usually specified in
number of points per unit of area. There are a number of aspects that influence the density of
laser data. From the physical perspective, point density depends on the aircraft’s altitude or
above ground level (AGL). The closer the sensor is to the ground, the higher the density of the
data. On the contrary, as AGL decreases, the aircraft must stay in the air for a longer time to
cover the same amount of area, which significantly increases the acquisition costs. Point density
also depends on the technical aspects of the sensor. Earlier systems collected data at about one
pulse per square meter, although this figure varies from project to project and on average
increases over time. Our data have been collected at six to twelve points per square meter.

Lidar data are typically delivered as a point cloud, a collection of elevations (X, y, z coordinates)
and their intensities that can be projected in a three-dimensional space. These data are used to
produce a number of valuable spatial information products. Good reviews of the system, data,

and analyses can be found in Gatziolis and Andersen (2008).

One of the most common uses of laser altimetry and typically the first step in analyses is
to transform the data into a bare earth model, or digital elevation model. As defined by the U.S.
Geological Survey, a grid Digital Elevation Model (DEM) is the digital cartographic
representation of the elevation of the land at regularly spaced intervals in x and y directions,
using z-values referenced to a common vertical datum (Aguilar et al. 2005; Raber et al. 2007). A
DEM is essential to various applications such as terrain modeling, soil-landscape modeling and
hydrological modeling (Anderson et al. 2005). Consequently, the quality of a DEM and derived

terrain attributes become important in spatial modeling (Anderson et al. 2005; Thompson et al.
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2001). Lidar has emerged as an important technology for the acquisition of high quality DEM
due to its ability to generate 3D data with high spatial resolution and accuracy. Compared to
traditional DEM derived from photogrammetric techniques such as a widely used DEM within
the United States produced by the U.S. Geological Survey (USGS), Lidar-derived DEM has

much higher resolution with high accuracy and precision.

Another typical step in processing Lidar data is to extract individual trees, or to derive
stand-level forest characteristics (Anderson et al. 2008; Dubayah and Drake 2000; Henning and
Radtke 2006; Leckie et al. 2003; Naesset 2004; Popescu and Wynne 2004; Popescu et al. 2004;
Popescu and Zhao 2008; Radtke and Bolstad 2001; Zhao et al. 2009). Chen and colleagues
(2006) used discrete return Lidar data to isolate individual trees with 64% absolute accuracy.
The project was located near Ione, CA, in a savannah woodland mostly composed of blue oaks
(Chen et al. 2006). Naesset and Bjerknes (2001) developed regression models between field and
Lidar data for mean canopy height and tree density of stands in a young forest in Norway. Their
tree height model was explained 83% of the variability in field mean tree height (Naesset and
Bjerknes 2001). Airborne Lidar data have also been used to map course woody debris volumes
in a forest (Pesonen et al. 2008), and biomass (Naesset and Gobakken 2008). Other research
shows that it may be more accurate to isolate trees by combining laser altimetry with remotely
sensed imagery. For instance, Leckie and colleagues were able to separate trees with 80-90%
correspondence with ground truth by combining Lidar data with multispectral imagery (Leckie et

al. 2003).

The vertical structure of forests is also an important driver of forest function, affecting
microclimate, controlling fire spread, carbon and energy balance, and impacting the behavior of
species. But there are no standard metrics of preferred data format to capture vertical structure
of forests. The analysis of Lidar data holds promise for the theoretical development of
functionally relevant metrics that capture the vertical structure in forests. For example, Zimble
and colleagues (2003) demonstrated that Lidar data could be used to classify a forest into single-
story and multistory vertical structural classes. Their landscape-scale map of forest structure was

97% accurate (Zimble et al. 2003).
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The intensity of the return pulse has also been used to assist the classification of tree
species in some cases. Orka and colleagues (2007) discriminated between spruce, birch, and
aspen trees using the return intensity from a multiple return Lidar system with overall

classification accuracies from 68 to 74% (Qrka et al. 2007).

Where aerial photography and optical remote sensing once provided the inputs to fire
models, Lidar data are increasingly being used alone or fused with remote sensing imagery to
derive parameters used in fire modeling (Mutlu et al. 2008; Riano et al. 2003). For example,
stand height, canopy cover, canopy bulk density, and canopy base height have been correlated
with ground truth data based on height quintile estimators of the laser data (Andersen et al.
2005). The reported accuracies ranged between r’=0.77 and r’=0.98, with canopy height being
most accurate and canopy base height the least accurate. This study is particularly interesting
because its objective was to derive input parameters for the FARSITE wildfire model (Finney

1995; Finney 1998).

Full waveform Lidar systems record the entire waveform of the reflected laser pulse, not
only the peaks as with the discrete multiple return Lidar. The reflected signal of each emitted
pulse is sampled in fixed time intervals, typically 1 ns, equal to a sampling distance of 6 in (15
cm). This provides a quasi-continuous extremely high-resolution profile of the vegetation canopy
structure, making it suitable for the analysis of vegetation density, vertical structure, fuels
analysis, and wildlife habitat mapping. The downside of the waveform technology is the huge
amount of data that need to be stored and processed; full waveform datasets drastically increase
processing time and complexity compared with discrete data also, and there are fewer
commercial software packages designed to process of full waveform data over large project areas

(Kelly and Tommaso 2015).

The Spatial Team conducted several workshops and public meetings throughout the life of
the project, including a series of hands-on workshops for the public and forest managers to learn
about and use Lidar data. The full list of these meetings is found in Appendix B2. Lidar related
newsletters that highlighted the Spatial Team’s work are found in Appendix B3.
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2 Data Description
2.1 Base data

Base geospatial data were collected for each study area. Base data are listed in Appendix
B4. Projection information for the northern site was NAD 83, UTM Zone 10N; for the southern
site was NAD 83, UTM Zone 11N. The vertical datum for data with a z-dimension we used
NAVD 1988 in meters.

2.2 Lidar — Light Detection and Ranging

Lidar data were used to quantify forest structure and topography at high spatial resolution
and precision. Lidar was collected pre-treatment and post-treatment for our two study areas:
Sugar Pine and Last Chance. We contracted with the National Center for Airborne Lidar
Mapping (NCALM) for our data. They collected the data using the Optech GEMINI instrument
at approximately 600-800 m above ground level, with 67% swath overlap. The sensor was
operated at 100-125 kHz laser pulse repetition frequency with a scanning frequency of 40-60 Hz
and a scan angle of 12—14° on either side of nadir. The instrument collected up to 4 discrete
returns per pulse, with intensity readings of 12-bit dynamic range per measurement, at 1047nm.
The delivered data had an average density of 10 points per m” and ranged from 6-12 pt/m*. Data
were collected for Sugar Pine (117km?) in September 2007 (pre-treatment), and Nov 2012 (post-
treatment); and for Last Chance (107km?) on September 2008 (pre-treatment) and November
2012 and August 2013 (post-treatment). Over 800 ground check points, positioned by ground
GPS, were set to calibrate and assess the vertical and horizontal accuracy of the lidar flights. The

obtained horizontal accuracy was around 10 cm and the vertical accuracy was from 5 to 35 cm.

2.3 Field data
2.3.1 GPS protocol

Ground control for airborne Lidar data is critical to correctly map individual trees, and to
scale up forest parameters to stands. The Lidar ground protocol was developed based on the
FFEH field protocol which established a 12.6m radius area from the plot center (“the plot”) in
which all trees above DBH=15cm were tagged, identified and measured and within which linear
transects were developed to collect fuel information. The ideal position for the GPS was at the
plot center with a large opening in the canopy above it. When the canopy was closed, thick, or

very tall, we moved the GPS away from the plot center by no more than 30 meters. We collected
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at least 300 GPS measurements at PDOP < 5. The GPS record often contained about 1,000 and
up to 7,000 measurements collected at 1-second intervals for each plot. We used a Trimble
GeoXH differential GPS with a Trimble Zephyr Antenna on top of a 3-meter GPS antenna pole
to minimize multipath problems. The positioning accuracy was within 10 cm. In the northern
study area, we used Continuously Operating Reference Stations (CORS) and University
NAVSTAR Consortium (UNAVCO) stations less than 20 km away from all field measurements
for differential GPS post-processing. In the southern area, all publicly available CORS and
UNAVCO data were used in addition to our own base station. The DGPS base station was
established 12.8 km away from the farthest field measurement. Once the center point was
marked, we recorded the bearing and distance from directly below the antenna to the plot center
in degrees. A compass was used to measure the bearing (according to true north), and the

horizontal distance is measured using a Vertex hypsometer.

For every plot, we established a laser position near the plot boundary. The laser position
was chosen such that all critical locations, and all or most tree trunks within the plot are visible
from it. Critical locations include the GPS, the plot center, and any additional measurements,
such as hemispherical photograph. Originally, we established two laser positions at
approximately 90 degrees to each other, to increase the positional precision of each target.
However, our analysis throughout the field season indicated that two laser angles do not
sufficiently improve the positional accuracy of the tree locations to justify their collection at each
plot. Further analysis required measurements taken from a single laser location, unless the tree
density is so high that tree occlusion became problematic. Once the laser and GPS positions were
established, we calibrated the laser equipment. Most importantly, we leveled the laser with the
help of an electronic sensor, and calibrated the electronic compass using an established routine.
We used a reflector and collected laser distances with the "filter" rangefinder setting to minimize
measurement error. Typical errors of the rangefinder and the electronic compass are 0.02 m and

0.5 degrees, respectively. The field protocol is illustrated in Figure B2.
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(a)

Figure B2: Diagram of field method: a) plot, b) equipment used to collect positions of trees, c)
individual tree marker, and d) plot center mark.

2.3.2 Stand map data collection
The laser rangefinder was connected to the electronic compass, which was connected to

ArcPad on a Trimble GeoExplorer. We used ArcPad to generate a stand map shapefile; the
shapefile included all tagged trees, the plot center, GPS position, hemispherical photo position,
and any additional measurements. We took at least three measurements of the critical locations
(described above) to minimize positional error. The unique tree ID (previously established by the
FFEH team) was recorded for each tree measurement. In case of the marker trees, we measured

and recorded the tree species, height, and DBH.

2.3.3 Plot photos
We took plot photographs to have a general idea of the terrain after the field season. They

were also used as an indicator of the site fuel model for fire simulation input (the most important
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variable). Five photographs were taken from north, east, south, and west towards the plot center,

as well as one photograph from the plot center directly up toward the sky.

3 Methods
3.1 Standard Lidar products: DTM, DSM, CHM

The main protocol for deriving terrain and forest variables from airborne LIDAR data is to
separate the ground returns from the vegetation returns. This process involves first extracting the
digital surface model (DSM) from the first return data and then extract the digital terrain model
(DTM) or elevation model from the /last return data. The canopy height model (CHM) is
calculated as CHM = DSM — DTM, and can be used with field data to map some forest attributes
over space (e.g., canopy height, canopy cover, etc.). The accuracy of the Lidar product was
verified with field plot data. Other forest variables make use of the multiple returns, and
calculate metrics based on the density of returns at specific heights from the ground.
Determination of canopy base height and canopy bulk density for example require analysis of the

vertical structure of multiple returns.

These products are made from “first return” data (Figure B1). The method involved
classifying the highest reflections, and interpolating the missing points to create a smoothed
surface. This is often expressed as a raster grid of a chosen cell size (e.g., Im resolution). The
canopy height model is the difference between the DSM and the DTM, and can be used to map
tree height, canopy cover, and individual trees over space. Other forest attributes require more

processing of the multiple return data.

3.2 Topographic products

3.2.1 Digital Terrain or Elevation Model
The Lidar derived DEM product is made from “last return” data (Figure B1). The method

involves filtering out the false ground, and interpolating to a continuous surface of a chosen cell
size. Interpolation methods can vary, and might include Kriging, nearest neighbor, inverse
distance weighted, and Spline. We created a DTM at 1-m grid from which slope and aspect
grids were created. We systematically evaluated the impact of slope variation and Lidar density

on different interpolation methods (Figure B3). Our result indicated that the Kriging-based
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methods consistently outperformed the other interpolation methods in all different elevation
conditions in the Sugar Pine study area (Guo et al. 2010). We produced Digital Elevation
Models (DEM) at 1m, slope and aspect at Im, and all topographic products were also resampled

as needed at user-defined scales (e.g., up to 30m).

Figure B3: Influence of slope variation (denoted by the elevation CV (coefficient of variation))
(left) and sampling density on the accuracy of DTMs (denoted by the RMSE (root mean squared
error)) at 1 m resolution. IDW, NN, TIN, Spline, OK, and UK represent inverse distance
weighted, natural neighbor, triangulated irregular network, spline, ordinary kriging, and
universal kriging interpolation schemes, respectively.

3.3 Individual trees
A challenge of Lidar is to convert the raw data, which are just a collection or cloud of

points (indicating X, y location and height above the ground), into meaningful information about
individual trees. Information about individual trees is useful for wildlife studies, carbon
estimates, and forest planning, for example. Most methods to delineate individual trees from
Lidar data do not use the raw data — rather they use a transformed version of the data. We used
the raw Lidar data cloud, and thus were able to work with more detailed data. Our method started
with the highest point in an area, and grows individual trees by adding points within a certain
distance of the original point. It worked iteratively from top to bottom and isolates trees
individually and sequentially from the tallest to the shortest. We compared our results to field
data across dense and sparse forests (Li et al. 2012). The location of, and other attributes of these
delineated trees were used in subsequent work. For example, we characterized individual trees in

a range of metrics used to model fisher denning habitat (Table B1) (Zhao et al. 2012b). We
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further evaluated our method in comparison with other standard methods in (Jakubowski et al.

2013a).

3.4 Lidar metrics
The raw Lidar data were processed by NCALM using TerraSolid's TerraScan software

(Soininen 2004) to remove obvious outlier points, including isolated point removal (points with
no neighbors within 5 meters) and "air point" removal, where points clearly above the canopy
when compared to their neighbors. The point cloud was then classified to ground and
aboveground points using an iterative triangulated surface model. The two point classes were
separated into individual files to simplify processing that requires only ground points (digital
elevation model generation) and above-ground points (vegetation analysis). A digital elevation
model (DEM) was processed at 1m resolution using Inverse Distance Weighted interpolation
based on suggestions from past investigations (Guo et al. 2010). We subtracted the DEM
elevation from the elevation of individual aboveground points, making them relative to ground-

elevation.

We developed a set of MATLAB functions to extract Lidar metrics in a raster format at a
user-defined spatial resolution. The Lidar metrics (listed in Table B1) include descriptive metrics
(e.g., maximum height, or number of points from 0.5 to 1 m) and statistically based metrics (e.g.,
0.05 percentile and standard deviation). All metrics were calculated with respect to ground level.
For example, maximum height describes the distance between the highest recorded Lidar point
within a moving window cell and the ground elevation as defined by the DEM. Similarly,
number of points from 0.5 to 1 m is the total number of Lidar returns within a raster cell recorded

between 0.5 m and 1.0 m above the DEM elevation.

The MATLAB functions processed all data at variable resolutions. For example, we
processed the data using 20 m cell size because it matches our ground truth data and in order to
produce results meaningful for forest fire management (20m is a common resolution for wildfire
behavior models). For the spotted owl and Pacific fisher studies the data may be processed at
lower resolution, while the hydrologic analysis may require much finer sampling. Each plot can
automatically be processed separately since the actual physical distance between reference

ground plots in the field is inconsistent. This is done to avoid cell mis-registration among plots.
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In other words, each individual plot raster is generated based on the position of its plot center in

such a way that the central pixel precisely overlaps the plot center.

In addition, we appended topographical information based on the DEM derived from the
Lidar data. All topographical measures (listed in Table B1) were derived from the DEM using
ITT's ENVI 4.5 Topographical Modeling feature (ITT Visual Information Solutions 2009). The
plot rasters described above and the topographical information were combined into a raster
dataset (Lidar data cube, or the LDC) with a set of bands similar to a hyperspectral image cube,
where each band describes different Lidar data or topography metrics. The LDC is saved in the
Tagged Image File Format (TIFF) raster format to increase compatibility with external analysis
software. An ENVI header file is generated to preserve metadata and description of each metric.

All metrics are listed in Table B1.

Table B1: Example of all metrics extracted from Lidar data, used to create forest structure and
other products with regression.

Elevation
Topographic variables Im, 10, 20m Slope
Aspect

Profile convexity
Planar convexity
Longitudinal convexity
Cross-sectional convexity
Minimum curvature
Maximum curvature

Topographic variables 1m

Height: minimum
Height: mean
Height: maximum
Height: standard deviation
Height metrics Skewness of heights
Kurtosis of heights
Coefficient of heights
Quadradic mean of heights
Lorey’s height (modeled variable)

Percentile 0.01
Percentile 0.05
Percentile 0.10
Percentile 0.25
Percentile 0.50
Percentile 0.75
Percentile 0.90
Percentile 0.95
Percentile 0.99
Minimum
Maximum
Mean

Percentile metrics
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Standard deviation
Coefficient of variation

Total number of returns
Point density 0 to .5 m
Point density .5 to 1 m
Point density 1 to 1.5 m
Point density 1.5 to 2 m
Point density 2 to 3 m
Point density 3 to 4 m
Point density 4 to 5 m
Point density 5 to 10 m
Pulse density metrics Point density 10 to 15 m
Point density 15 to 20 m
Point density 20 to 25 m
Point density 25 to 30 m
Point density 30 to 35 m
Point density 35 to 40 m
Point density 40 to 45 m
Point density 45 to 50 m
Point density 50 to 55 m
Point density 55 to 60 m

Maximum height
Mean of heights
Standard deviation of heights
Skewness of heights
Kurtosis of heights
Individual tree metrics Coefficient of heights
Mean of canopy radius
Standard deviation of canopy radius
Skewness of canopy radius
Kurtosis of canopy radius
Number of trees

3.5 Forest structure products
We produced the following products for the two study area: Mean height, Max height,

Diameter at Breast Height (DBH), Height to Live Canopy Base (HTLCB), Canopy Cover, Leaf
Area Index (LAI), and map of individual trees. These products were created with ground truth
plot level analysis that is about 20 m wide. Therefore, the resolution for these grid products is

also 20 m.

3.5.1 Vegetation products
Mean Height, Max Height, Height to Live Canopy Base and Diameter at Breast Height

(DBH) products are created using a regression-based approach. This approach starts by first

extracting a subset of Lidar points in the same location as each plot, matching the plot radius
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(12.62 m). The Lidar points were normalized by subtracting the ground points (DEM) from the
extracted Lidar points. A height profile is created on the normalized points using the following
groups: z values for minimum, percentiles (1%, 5™, 10", 25™, 50", 75" 90™, 95 99,

maximum, mean, standard deviations and the coefficient of variation.

The Lidar-based predictors (height profile) are fitted against the field measurements by
stepwise regression modeling (Andersen et al., 2005). The best models are then applied to the
entire study area. This is done by iterating through each pixel of the product grid, extracting
Lidar points that fall within that pixel and calculating the pixel value using the relation found in

the previously mentioned analysis.

3.5.2 Canopy cover
Canopy Cover (CC) is determined by analyzing the canopy height model (CHM). CHMs

typically have a resolution of 1 m, and the canopy covers have a resolution of 20 m. Each pixel
in the canopy cover grid is iterated and CHM pixel values that fall within the canopy cover pixel
are extracted. The value of the canopy cover pixel is calculated as the ratio of CHM pixels that
have a value above a threshold to the total number of extracted pixels from the CHM (Lucas et

al. 2006). The height threshold of 1.5 m is used to differentiate between trees and shrubs.

3.5.3 Leaf area index
The leaf area index (LAI) product is created using the Lidar vegetation points,

normalized by the DEM. Each pixel in the LAI grid is iterated and Lidar points that fall within
the pixel are extracted. An average scan angle is calculated using the extracted Lidar points and

the following equation:

ZL . angle,
n

ang =

where ang is the average scan angle, » is the number of extracted points and angle; is the scan
angle for a single extracted point i. Next the gap fraction (GF) is calculated using the following

equation:
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GF = n ground
n

where ng,0unq 18 the number of extracted points that have a z value smaller than 1.5 m (equivalent
to the height of a hemispherical camera) and 7 is the total number of extracted points. Finally,
the LAI value is calculated using the following equation:

_ cos(ang)xIn(GF)
k

LAI =

where LAI is the extinction coefficient and In is the natural logarithm (Richardson et al. 2009).
The value 0.5 is used for the extinction coefficient , as suggested in the literature (Richardson et

al. 2009).

3.6 Fire behavior modeling inputs
Forest fire behavior models need a variety of spatial data layers in order to accurately

predict forest fire behavior, including elevation, slope, aspect, canopy height, canopy cover,
crown base height, crown bulk density, as well as a layer describing the types of fuel found in the
forest (called the “fuel model”). These spatial data layers are not often developed using Lidar
data for this purpose (fire ecologists typically use field-sampled data), and so we explored the
use of Lidar data to describe each of the forest-related variables (Jakubowski et al. 2013b). We
conducted a comprehensive examination of forest fuel models and forest fuel metrics derived
from Lidar and color infrared (CIR) imagery (CIR is often used for mapping vegetation since
plants reflect infrared light well) for use in fire behavior modeling. Specifically, we used high-
density, discrete return airborne Lidar data and National Agriculture Imagery Program (NAIP) 1-
meter resolution imagery to find the optimal combination of data input (Lidar, imagery, and their
various combinations/transforms), and method (we used three types of methods: clustering,
regression trees, or machine learning algorithms) in order to extract surface fuel models and
canopy metrics from Sierra Nevada mixed conifer forests. All Lidar-derived metrics were

evaluated by comparing them to field data and deriving correlation coefficients.
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3.7 Tradeoffs in Lidar density

Collection of Lidar (light detection and ranging) data can be costly, and costs depend on
the density of the resulting data (pulses or “hits” per m?). The density of our Lidar product is
shown in Figure B4, where we have progressively thinned the data from 10 pulses/m” to 0.02
pulses/m”. Most Lidar acquisitions capture the highest possible density of data (up to 12
pulses/m?); but it is not known if that level of detail is always required. The benefit of collecting
less dense data might be that data would be able to be captured over a larger area for the same
cost. We investigated the ability of different densities of Lidar data to predict forest metrics at
the plot scale (e.g., 1/5-hectare or /2-acre).

We examined ten
canopy metrics
(maximum and mean
tree height, total basal
area, tree density,
mean height to live
crown base (HTLCB),
canopy cover,

maximum and mean

diameter at breast Figure B4: Figure showing progressively less dense Lidar point cloud
height (DBH), and from left to right.

shrub cover and height) based on varying pulse density of Lidar data — from low density
(0.01pulses/m?) to high density (10 pulses/m?). We tested the agreement between each metric

and field data across the range of Lidar densities to see when and if accuracy dropped.

3.8 Vegetation maps
Accurate and up-to-date vegetation maps are critical for managers and scientists, because

they serve a range of functions in natural resource management (e.g., forest inventory, forest
treatment, wildfire risk control, and wildlife protection), as well as ecological and hydrological
modeling, and climate change studies. Traditional methods for vegetation mapping are usually
based on field surveys, literature reviews, aerial photography interpretation, and collateral and
ancillary data analysis (Pedrotti 2012). However, these methods can be very expensive and time-

consuming, and usually the vegetation maps obtained from these traditional methods are time
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sensitive. Remote sensing has proved to be very powerful in vegetation mapping by employing
image classification techniques. Multispectral remote sensing imagery such as Landsat, SPOT,
MODIS, AVHRR, IKONOS, and QuickBird are among of the most commonly used. However,
most studies using both multispectral and hyperspectral imagery usually only focus on either
mapping the land cover type or mapping the vegetation composition. Examining the vertical
structure in forests has rarely been considered because the limited penetration capability for
multispectral and hyperspectral data. We developed a new strategy to map vegetation
communities in the SNAMP study areas by considering both the tree species composition and
vegetation vertical structure characteristics. We developed a novel unsupervised classification
scheme using an automatic cluster determination algorithm based on Bayesian Information
Criterion (BIC) and k-means classification which was applied to the Lidar and imagery data
(NAIP imagery) to map the vegetation community, and the post-hoc analysis based on field

measurements was used to define the property for each vegetation group.

3.9 Forest fuel treatment detection
The planned forest fuel treatment boundaries are often geographically distinct from the

planned extents due to the operational constraints and protection of resources (e.g., perennial
streams, cultural resources, wildlife habitat, etc.). Knowing the actual (as opposed to planned)
extent of forest fuel treatments is critical for understanding how they affect wildfire risk, wildlife
and forest health. Traditionally, the method for reporting complete forest fuel treatment extent is
highly dependent on field observations, which is very labor-intensive and expensive. Moreover,
since forest fuel treatments typically focus on reducing ladder and surface fuels and decreasing
small tree density, aerial imagery with limited penetration capability through forest canopy can
be hardly used to identify their extent. In this study, we examined the capability of multi-
temporal Lidar data on forest fuel treatment detection. Our approach involved the combination
of a pixel-wise thresholding method and an object-of-interest (OBI) segmentation method.
Firstly, the differences between the pre- and post-treatment Lidar derived canopy cover were
used to represent the change information. We assumed that this change information should be
normally distributed, and the variation within the 95% confidence should be recognized as the
background information. Thus, p +/- 1.96c was used as the threshold to differentiate the treated
and untreated pixels, where p and ¢ are the mean and standard deviation of the change image,

respectively. Finally, to further remove noise, the OBIA segmentation method was used to filter

B25



the pixel-wise result considering the fact that forest fuel treatments were usually conducted in

spatially continuous areas (Zhang et al. 2013).

4 Results
4.1 Standard Lidar products: DTM, DSM, CHM

Slope based filtering method is an efficient method to discriminant ground returns from
Lidar point cloud in areas with flat terrain. Its accuracy linearly decreases with the rise of slope.
While vegetation density has a great influence on other filtering algorithms, such as
interpolation-based filtering algorithm and morphological filtering algorithm. Fine resolution
DTM and DSM products can be interpolated from the obtained ground returns and first returns
of the Lidar point cloud. Results show that the accuracy of the interpolated DTM and DSM
products increases with the sampling density. Finally, the CHM product can be directly
calculated from the difference between the DTM and DSM (Figure BS5). The accuracy of these
products is reported in Table B2.

Figure B5:
Lidar-derived
canopy height
model (CHM): a)
Last Chance
study area, b)
Sugar Pine study
area.

4.2 Topographic products
We created detailed Digital Elevation Model (DEM) products or both study sites (Figure

B6). In our investigation of different interpolation methods, our results show that simple
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interpolation methods, such as IDW, NN, and TIN, are more efficient algorithms, and generate
DEMs from Lidar data faster than the more complex algorithms, but kriging-based methods,
such as OK and UK, produce more accurate DEMs. We also show that topography matters: in
areas with higher topographic variability, the DEM has higher uncertainties and errors no matter
what interpolation method and resolution are used. DEM error increases as Lidar sampling
density decreases, especially at smaller cell sizes. Finally, spatial resolution also plays an
important role when generating DEMs from Lidar data: at larger cell sizes, the choice of
interpolation methods becomes increasingly important, as some of the methods (for example:

spline), produce high error at larger cell sizes (Guo et al. 2010) (Table B2).

Figure B6: Lidar-derived Digital Elevation Model (DEM): a) Last Chance study area, b) Sugar
Pine study area.

4.3 Individual trees
We compared the number of existing trees (from field surveys) and the number of Lidar-

derived trees within 30 plots. In general, our method underestimated the number of trees. There
were 380 trees in total in our 30 test plots, but only 347 trees were segmented. The algorithm
missed 53 trees, and falsely detected 20 trees. Overall, the accuracy was about 90% (Table B2).
The method performed well at mapping individual trees from the lidar point cloud in complex

mixed conifer forests on rugged terrain. The accuracy is relatively high, indicating that the new
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algorithm has good potential for use in other forested areas, and across broader areas than is

possible with fieldwork alone.

4.4 Lidar metrics
We created a suite of Lidar metrics that were used in the creation of a range of maps and

products through various regression approaches. The accuracy of these products is summarized

below in Table B2.

4.5 Forest structure products
Mean height, max height, DBH, HTLCB, canopy cover, and LAI products were made for

both sites. The product showing canopy cover for both sites is in Figure B7.

Figure B7: Lidar-derived canopy cover: a) Last Chance study area, b) Sugar Pine study area.

4.6 Fire behavior modeling inputs
Specific surface forest “fuel models” (these are detailed descriptions like “dwarf conifer

with understory” or “low load compact conifer litter”’) proved difficult to predict in this dense
forest environment, although general fuel types (such as predominantly shrub, or mostly timber)
were estimated with reasonable (up to 76% correct) accuracy because fewer of the light energy
from the Lidar penetrated to the forest floor in denser forests, making accurate characterization
of understory shrubs more difficult. The predictive power of canopy metrics increases as we

describe metrics higher up in the canopy. The accuracy—in terms of Pearson’s correlation
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coefficient—ranged from 0.87 for estimating canopy height, through 0.62 for shrub cover, to

0.25 for canopy base height.

4.7 Tradeoffs in Lidar density

The accuracy of the Lidar predictions for all ten metrics increased as the Lidar density
increased from 0.01 pulses/m” to 1 pulse/m*. However, the accuracy of many of the metrics
showed very little improvement after that. Metrics that described forest cover (e.g., forest canopy
and shrub cover) required higher densities of Lidar data to be mapped accurately. In general, the
results confirm findings from previous studies: the overall accuracy of a predicted forest
structure metric decreased roughly with its vertical position within the canopy: metrics that
estimate the tops of forests are more accurately mapped with Lidar than those in the middle of
the canopy or on the forest floor and so require less dense data for most applications (Jakubowski

et al. 2013c¢).

Many plot-scale forest canopy measures (e.g., maximum and mean tree height, total basal
area, maximum and mean diameter at breast height (DBH)) are well predicted with moderate
density Lidar data: 1 pulse/m”. More detailed features, such as individual trees, would likely
require high-density Lidar data. Coverage metrics (canopy cover, tree density, and shrub cover)

were more sensitive to pulse density.

4.8 Vegetation maps
The vegetation map created for each site shows complex and unique vegetation structure

characteristics and vegetation species composition. The overall accuracy and kappa coefficient of
the vegetation mapping results are over 78% and 0.64 for both study sites. The vegetation map
product, and in particular the boundaries of forest stands created was used by the FFEH Team in

their fire behavior modeling work.

4.9 Forest fuel treatment extent
The forest fuel treatment detection result is well in agreement with the proposed forest

treatment operation extent. By assessing with the field observations, the result also shows a
satisfactory accuracy. The overall accuracy is 93.5% and the kappa coefficient is 0.70. Although
there are some detected treated areas are not within the proposed forest treatment operation

extents, most of them may have been treated based on field observations and direct Lidar point
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cloud comparison. Figure B8 shows a direct comparison between the pre-treatment and post-
treatment Lidar point cloud. Moreover, the same forest treatment detection routine was also
applied on airborne imagery. Results show that Lidar derived canopy cover outperformed the
aerial image and is more robust to detect light forest treatment areas. Accuracy of all products is

listed in Table B2.

Figure B8: An example of direct point cloud comparison in an area with forest fuel treatments.
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Table B2: Accuracy results for most of the products created by the SNAMP Spatial Team.

Product Type/Method Accuracy® SNAMP
Publication
Standard Lidar products
DTM" Derived from Lidar point 20-30 cm NCALM
cloud report
DSM"® Derived from Lidar point 20-30cm NCALM
cloud report
CHM®  Direct: from DTM + DEM 20-30 cm NCALM
report
Topographic products
DEM" Direct, from DTM 20-30 cm #4
Individual trees
Individual trees Derived from Lidar point 90% #6
cloud
Individual trees Derived from Lidar + imagery  0.91 - 0.95 #24
Forest structure products (20m)
Mean height Indirect: from regression 0.67
Max height Indirect: from regression 0.78
DBH Indirect: from regression 0.61
HTLCB Indirect: from regression 0.62
Canopy Cover Indirect: from regression 0.62
LAI Direct Not
measured
Fire behavior modeling inputs (20m)
Canopy height (max) Indirect: from regression 0.87 #13
Canopy cover Indirect: from regression 0.83 #13
Total basal area Indirect: from regression 0.82 #13
Shrub cover Indirect: from regression 0.62 #13
Canopy height (mean) Indirect: from regression 0.60 #13
Shrub height Indirect: from regression 0.59 #13
Canopy base height Indirect: from regression 0.41 #13
Canopy bulk density Indirect: from regression 0.25 #13
Combined fuel loads Indirect: from regression 0.48 #13
Fuel bed depth Indirect: from regression 0.35 #13
Vegetation map
Vegetation map Derived from Lidar + imagery 78% Publication to

be submitted

® Accuracy is listed as best r, unless otherwise noted.
® The accuracy of DTM, DSM, CHM, and DEM were evaluated by the ground measured GPS
transects data provided by NCLAM. All other vegetation-related products were evaluated by in-

situ measurements.
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5 Discussion
Mapping has always been critical for forest inventory, fire management planning, and

conservation planning. Understanding the structure of forests — tree density, volume and height
characteristics - is critical for management, fire prediction, biomass estimation, and wildlife
assessment. In California, these tasks are particularly challenging, as our forests exhibit
tremendous variability in composition, volume, quality, and topography. Optical remote sensors
such as Landsat, despite their synoptic and timely views, do not provide sufficiently detailed
depictions of forest structure for all forest management needs. We anticipate that Lidar will
continue to play an increasingly important role for forest managers interested in mapping forests

at fine detail. We discuss our broader findings in the following five areas.

5.1 Lidar maps and products

Lidar data can produce a range of mapped product that in many cases more accurately map
forest height, structure and species than optical imagery alone. Mapped products include
topographic maps, locations of individual trees, forest height, canopy cover, shrub cover, fuels,
and detailed species, among other variables. Accuracies in these products ranged greatly;
generally the closer to the ground the lower the accuracy, especially in dense canopy. Many of
these mapped products can be produced at a range of spatial resolutions, from 1m to 20m and
larger. The 20m resolution adequately matches the approximate resolution of a 12.54m radius

plot.

However, Lidar data can be large in size, and there are few commonly used and easy-to-
use software packages to produce the products. Our work required a range of tools, most of them

requiring specialized coding in python, Matlab and other languages and software packages.

Moreover, although Lidar data can be used to generate maps that depict accurate forest
structure, the lack of spectral reflectance data makes the production of vegetation maps with
Lidar data alone difficult. The recorded intensity information of the Lidar data cannot be used to
reflect the forest surface reflectance characteristics due to the influence of the multi-path effect.
Our work indicated that the combination of high resolution multi-spectral aerial/satellite imagery
and lidar data is very helpful in mapping vegetation communities as well as characterizing forest

structure zones.
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5.2 Wildlife

Lidar is an effective tool for mapping important potential forest habitat variables — such as
individual trees, tree sizes, and canopy cover - for sensitive species (Temple et al., 2015). We
believe that Lidar can help forest managers and scientists in the assessment of wildlife-habitat
relationships and conservation of important wildlife species by allowing managers to better
identify habitat characteristics on a large scale. More work can be done to link Lidar products
with CWHR habitat classes. More work needs to be done to define a particular set of habitat
characteristics that can be measured or estimated by lidar, e.g., particular height, density,

overstory/understory, and biomass criteria.

5.3 Forest management
The accurate identification and quantification of individual trees from discrete Lidar pulses

typically requires high-density data. Standard plot-level metrics such as tree height, canopy
cover, and some fuel measures can reliably be derived from less dense Lidar data. However,
standard Lidar products do not yet operationally meet the requirements of forest managers who
need detailed measures of forest structure that include understanding of forest heterogeneity, and
understanding of forest change. Additionally, typical forest management metrics such as leaf
area index (LAI), quadratic mean diameter (QMD), trees per acre (TPA) are not commonly

created, nor easily validated using Lidar data.

Our work on Lidar density might help managers evaluate tradeoffs between Lidar density,
cost and coverage: if a manager needs plot-scale forest measurements (i.e., measurements
summarized at scale around '2-acre or 1/5-hectare), they might be able to cover a larger area with

lower density Lidar data for the same cost as high density Lidar data over a smaller area.

Forest fuel treatments are among the main forest management activities used to reduce the
wildfire risks. However, planned forest fuel treatment boundaries are often geographically
distinct from the planned extents due to the operational constraints and protection of resources
(e.g., perennial streams, cultural resources, wildlife habitat, etc.). Lidar derived multi-temporal
canopy cover products are highly sensitive the forest changes brought by the forest fuel

treatment, and therefore can be used to accurately map the fuel treatment extent.
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5.4 Fire behavior modeling
While there is great promise for the use of Lidar in fire behavior models, there is more

work necessary before Lidar data can be operationally included into common fire behavior
models. Discrete return Lidar cannot accurately capture all forest structural features near the

ground when the canopy is very dense.

5.5 Biomass
Our work suggests that airborne Lidar data provide the most accurate estimates of forest

biomass, but rigorous procedures should be taken in selecting appropriate allometric equations to
use as reference biomass estimates. We also showed that Lidar data when fused with course
scale, fine temporal resolution imagery such as MODIS, can be used to estimate regional scale

above ground forest biomass.

6 Resource-specific management implications and

recommendations
Our work using Lidar and other remote sensing products contributes to the current

discussion around the use of mapping for forest management. We discuss several management

implications here.

6.1 Lidar maps and products

6.1.1 Management implications
e Lidar data can produce a range of mapped product that in many cases more accurately

map forest height, structure and species than optical imagery alone.

e Lidar software packages are not yet as easy to use as the typical desktop GIS software.

e There are known limitations with the use of discrete Lidar for forest mapping - in
particular, smaller trees and understory are difficult to map reliably.

e The fusion of hyperspectral imagery with Lidar data may be very useful to create detailed

and accurate forest species maps.
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6.2 Wildlife

6.2.1 Management implications

Lidar is an effective tool for mapping important forest habitat variables — such as
individual trees, tree sizes, and canopy cover - for sensitive species.

Lidar will increasingly be used by wildlife managers, but there remain numerous
technical and software barriers to widespread adoption. Efforts are still needed to link
Lidar data, metrics and products to measures more commonly used by managers such as

CWHR habitat classes.

6.3 Fire behavior modeling

6.3.1 Management implications

Lidar data are not yet operationally included into common fire behavior models, and
more work should be done to understand error and uncertainty produced by Lidar

analysis.

6.4 Forest management

6.4.1 Management implications

There is a trade-off between detail, coverage and cost with Lidar. The accurate
identification and quantification of individual trees from discrete Lidar pulses typically
requires high-density data. Standard plot-level metrics such as tree height, canopy cover,
and some fuel measures can reliably be derived from less dense Lidar data.

Standard Lidar products do not yet operationally meet the requirements of forest
managers who need detailed measures of forest structure that include understanding of
forest heterogeneity, and understanding of forest change. More work is needed to
translate between the remote sensing community and the forest management community
to ensure that Lidar products are useful to and used by forest managers.

Discrete Lidar can be used to map the extent of forest fuel treatments. However, the
method of treatment (e.g., mastication, thinned, cable thinned) cannot be detected using

discrete Lidar data due to its limitation of understory forest.

The future of Lidar for forest applications will depend on a number of considerations. These

include: 1) costs, which have been declining; 2) new developments to address limitations with
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discrete Lidar, such as the use of waveform data; 3) new analytical methods and more easy-to-
use software to deal with increasing data sizes, particularly with regard to Lidar and optical
imagery fusion; and 4) the ability to train forest managers and scientists in Lidar data workflow

and appropriate software.
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8 Spatial Team Appendices
8.1 Appendix B1: Spatial Team publications

SNAMP PUB #4:
Guo, Li, Yu, and Alvarez. 2010. Effects of topographic variability and Lidar sampling density on

several DEM interpolation methods. Photogrammetric Engineering and Remote Sensing 76(6):
701-712.

Abstract: We used Lidar data to create a detailed digital elevation model for our two
study sites. We investigated five different interpolation methods to create the DEMs. We
examined how topography, sampling density, and spatial resolution affected accuracy of
the DEMs. We found that simple interpolation models are more efficient and faster in
creating DEMs, but more complex interpolation models are more accurate, but slower.
We found that DEMs are less accurate in areas with more complex topography. We
found that DEM error also increases as Lidar sampling density decreases. We found that
some of the interpolation methods do not work well with larger cell sizes. These results
might be helpful to guide the choice of appropriate Lidar interpolation methods for DEM
generation.

SNAMP PUB #5:
Garcia-Feced, Tempel, and Kelly. 2011. Lidar as a tool to characterize wildlife habitat:
California spotted owl nesting habitat as an example. Journal of Forestry 108(8): 436-443.

Abstract: We demonstrate the use of an emerging technology, airborne light detection
and ranging (Lidar), to assess forest wildlife habitat by showing how it can improve the
characterization of California spotted owl (Strix occidentalis occidentalis) nesting
habitat. Large residual trees are important elements for many wildlife species and often,
apparently, facilitate selection of habitat by spotted owls. However, we currently lack the
ability to identify such trees over large spatial scales. We acquired multiple-return, high-
resolution Lidar data for a 107.1-km? area in the central Sierra Nevada, California. We
surveyed for spotted owls within this area during 2007-2009 and located 4 nest
trees. We then used the Lidar data to measure the number, density and pattern of residual
trees (> 90 cm dbh) and to estimate canopy cover within 200 m of four nest trees. Nest
trees were surrounded by large numbers of residual trees and high canopy cover. We
believe that Lidar would greatly benefit forest managers and scientists in the assessment
of wildlife-habitat relationships and conservation of important wildlife species.

SNAMP PUB #6:
Li, Guo, Jakubowski, and Kelly. 2012. A new method for segmenting individual trees from the
Lidar point cloud. Photogrammetric Engineering and Remote Sensing 78(1): 75-84.

Abstract: Light Detection and Ranging (Lidar) has been widely applied to characterize
the 3-dimensional (3D) structure of forests as it can generate 3D point data with high
spatial resolution and accuracy. Individual tree segmentations, usually derived from the
canopy height model, are used to derive individual tree structural attributes such as tree
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height, crown diameter, canopy-based height, and others. In this study we develop a new
algorithm to segment individual trees from the small footprint discrete return airborne
Lidar point cloud. The new algorithm adopts a top-to-bottom region growing approach
that segments trees individually and sequentially from the tallest to the shortest. We
experimentally applied the new algorithm to segment trees in a mixed coniferous forest in
the Sierra Nevada Mountains in California, USA. The results were evaluated in terms of
recall, precision, and F-score, and show that the algorithm detected 86% of the trees
(“recall”), 94% of the segmented trees were correct (“precision”), and the overall F-score
is 0.9. Our results indicate that the proposed algorithm has good potential in segmenting
individual trees in mixed conifer stands of similar structure using small footprint, discrete
return Lidar data.

SNAMP PUB #7:
Blanchard, Jakubowski, and Kelly. 2011. Object-Based Image Analysis of Downed Logs in
Disturbed Forested Landscapes using Lidar. Remote Sensing 3: 2420-2439.

Abstract: Downed logs on the forest floor provide habitat for species, fuel for forest
fires, and function as a key component of forest nutrient cycling and carbon storage.
Ground-based field surveying is a conventional method for mapping and characterizing
downed logs but is limited. In addition, optical remote sensing methods have not been
able to map these ground targets due to the lack of optical sensor penetrability into the
forest canopy and limited sensor spectral and spatial resolutions. Lidar (light detection
and ranging) sensors have become a more viable and common data source in forest
science for detailed mapping of forest structure. This study evaluates the utility of
discrete, multiple return airborne Lidar-derived data for image object segmentation and
classification of downed logs in a disturbed forested landscape and the efficiency of rule-
based object-based image analysis (OBIA) and classification algorithms. Downed log
objects were successfully delineated and classified from Lidar derived metrics using an
OBIA framework. 73% of digitized downed logs were completely or partially classified
correctly. Over classification occurred in areas with large numbers of logs clustered in
close proximity to one another and in areas with vegetation and tree canopy. The OBIA
methods were found to be effective but inefficient in terms of automation and analyst’s
time in the delineation and classification of downed logs in the Lidar data.

SNAMP PUB #13:

Jakubowski, Guo, Collins, Stephens, and Kelly. 2013. Predicting surface fuel models and fuel
metrics using Lidar and CIR imagery in a dense, mountainous forest. Photogrammetric
Engineering and Remote Sensing 79(1): 37-49.

Abstract: We compared the ability of several classification and regression algorithms to
predict forest stand structure metrics and standard surface fuel models. Our study area
spans across a dense, topographically complex Sierra Nevada mixed-conifer forest. We
used clustering, regression trees, and support vector machine algorithms to analyze high
density (average 9 pulses/m2), discrete return, small footprint Lidar data, along with
multispectral imagery. Stand structure metric predictions generally decreased with
increased canopy penetration. For example, from the top of canopy, we predicted canopy
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height (12 = 0.87), canopy cover (r2 = 0.83), BA (r2 = 0.82), shrub cover (12 = 0.62),
shrub height (r2 = 0.59), combined fuel loads (12 = 0.48), and fuel bed depth (12 = 0.35).
While the general fuel types were predicted accurately, specific surface fuel model
predictions were poor (76 percent and 50 percent correct classification, respectively)
using all algorithms. These fuel components are critical inputs for wildfire behavior
modeling, which ultimately support forest management decisions. This comprehensive
examination of the relative utility of Lidar and optical imagery will be useful for forest
science and management.

SNAMP PUB #14:

Zhao, Guo, and Kelly. 2012. Allometric equation choice impacts Lidar-based forest biomass
estimates: A case study from the Sierra National Forest, CA. Agriculture and Forest
Meteorology 165: 64— 72.

Abstract: Plot-level estimates of biomass were derived from field data and two different
allometric equations. Estimates differed between allometric equations, especially in plots
with high biomass. Selection of allometric equations can influence the capacity of Lidar
data to estimate biomass. The best fit between field data and Lidar data were found using
a regional allometric equation and a combination of Lidar metrics and individual tree
data.

SNAMP PUB #16:

Zhao, Sweitzer, Guo and Kelly. 2012. Characterizing habitats associated with fisher den
structures in southern Sierra Nevada forests using discrete return Lidar. Forest Ecology and
Management 280: 112—-119.

Abstract: This study explored the ability of Lidar-derived metrics to capture topography
and forest structure surrounding denning trees used by the Pacific fisher (Martes
pennanti) as a case study to illustrate the utility of Lidar remote sensing in studying
mammal-habitat associations. We used Classification and Regression Trees (CART) to
statistically compare the slope and Lidar-derived forest height and structure metrics in the
circular area (with radius of 10-50 m) surrounding denning trees and randomly selected
non-denning trees. We accessed our model accuracy using resubstitution and cross-
validation methods. Our results show that there is a strong association between fisher
denning activity and its surrounding forested environment across scales, with high
classification accuracy (overall accuracies above 80% and cross-validation accuracies
above 70%) at 20, 30 and 50 m ranges. The best classification accuracies were found at
20 m (optimal resubstitution accuracy 86.2% and cross-validation accuracy 78%). Tree
height and slope were important variables in classifying the area immediately
surrounding denning trees; at scales larger than 20 m, forest structure and complexity
became more important.

SNAMP PUB #18:
Jakubowski, Guo, and Kelly. 2013. Tradeoffs between Lidar pulse density and forest
measurement accuracy. Remote Sensing of Environment 130: 245-253.
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Abstract: Discrete Lidar is increasingly used to analyze forest structure. Technological
improvements in Lidar sensors have led to the acquisition of increasingly high pulse
densities, possibly reflecting the assumption that higher densities will yield better results.
In this study, we systematically investigated the relationship between pulse density and
the ability to predict several commonly used forest measures and metrics at the plot scale.
The accuracy of predicted metrics was largely invariant to changes in pulse density at
moderate to high densities. In particular, correlations between metrics such as tree height,
diameter at breast height, shrub height and total basal area were relatively unaffected
until pulse densities dropped below 1 pulse/m2. Metrics pertaining to coverage, such as
canopy cover, tree density and shrub cover were more sensitive to changes in pulse
density, although in some cases high prediction accuracy was still possible at lower
densities. Our findings did not depend on the type of predictive algorithm used, although
we found that support vector regression (SVR) and Gaussian processes (GP) consistently
outperformed multiple regression across a range of pulse densities. Our results suggest
that low-density Lidar data may be capable of estimating typical forest structure metrics
reliably in some situations. These results provide practical guidance to forest ecologists
and land managers who are faced with tradeoff in price, quality and coverage, when
planning new Lidar data acquisition.

SNAMP PUB #24:
Jakubowski, Li, Guo, and Kelly. 2013. Delineating individual trees from Lidar data: a
comparison of vector- and raster-based segmentation approaches. Remote Sensing 5: 4163-4186

Abstract: This work concentrates on delineating individual trees from discrete Lidar data
in topographically-complex, mixed conifer forest across the California’s Sierra Nevada.
We delineated individual trees using vector data and a 3D Lidar point cloud segmentation
algorithm, and using raster data with an object-based image analysis (OBIA) of a canopy
height model (CHM). The two approaches are compared to each other and to ground
reference data. We used high density (9 pulses/m?), discreet Lidar data and WorldView-2
imagery to delineate individual trees, and to classify them by species or species types. We
also identified a new method to correct artifacts in a high-resolution CHM. Our main
focus was to determine the difference between the two types of approaches and to
identify the one that produces more realistic results. We compared the delineations via
tree detection, tree heights, and the shape of the generated polygons. The tree height
agreement was high between the two approaches and the ground data (r*: 0.93-0.96).
Tree detection rates increased for more dominant trees (8-100 percent). The two
approaches delineated tree boundaries that differed in shape: the Lidar-approach
produced fewer, more complex, and larger polygons that more closely resembled real
forest structure.

SNAMP PUB #29

Tao, Guo, Li, Xue, Kelly, Li, Xu, and Su. 2015. Airborne Lidar-derived volume metrics for
aboveground biomass estimation: a comparative assessment for conifer stands. Agricultural and
Forest Meteorology 198—199: 24-3
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Abstract: Estimating aboveground biomass (AGB) is essential to quantify the carbon
balance of terrestrial ecosystems, and becomes increasingly important under changing
global climate. Volume metrics of individual trees, for example stem volume, have been
proven to be strongly correlated to AGB. In this paper, we compared a range of airborne
Lidar-derived volume metrics (i.e., stem volume, crown volume under convex hull, and
crown volume under Canopy Height Model (CHM)) to estimate AGB. In addition, we
evaluated the effect of horizontal crown overlap (which is often neglected in Lidar
literature) on the accuracy of AGB estimation by using a hybrid method that combined
marker-controlled watershed segmentation and point cloud segmentation algorithms. Our
results show that: 1) when the horizontal crown overlap issue was not addressed, models
based on point cloud segmentation outperformed models based on marker-controlled
watershed segmentation; models using stem volume estimated AGB more accurately than
models using crown volume under convex hull and crown volume under CHM. 2) Once
the horizontal crown overlap issue was taken into consideration, the model using crown
volume under individual trees in the Lidar cloud CHM yielded a more accurate estimation
of AGB. Our study provides a comprehensive evaluation of the use of airborne Lidar-
derived volume metrics for AGB estimation and could help researchers choose the
appropriate airborne Lidar-derived volume metric. Moreover, the results also indicate that
horizontal crown overlap should be addressed when the airborne Lidar-derived forest
crown volume is used for estimating AGB.

SNAMP PUB #37
Li, Guo, Tao, Kelly, and Xu. Lidar with multi-temporal MODIS provide a means to upscale
predictions of forest biomass. ISPRS Journal of Photogrammetry and Remote Sensing.

Abstract: Accurate estimation of forest AGB has become increasingly important for a
wide range of end-users. Although satellite remote sensing provides abundant
observations to monitor forest coverage, validation of coarse-resolution AGB derived
from satellite observations is difficult because of the scale mismatch between the
footprints of satellite observations and field measurements. In this study, we use airborne
Lidar to bridge the scale gaps between satellite-based and field-based studies, and
evaluate satellite-derived indices to estimate regional forest AGB. We found that: 1)
Lidar data can be used to accurately estimate forest AGB using tree height and tree
quadratic height, 2) Artificial Neural Networks, among four tested models, achieved the
best performance with R*=0.75 and root-mean-square error (RMSE) around 165 Mg/ha;
3) for MODIS-derived vegetation indices at varied spatial resolution (250 — 1000 m),
accumulated NDVI, accumulated LAI, and accumulated FPAR can explain 53 — 74% of
the variances of forest AGB, whereas accumulated NDVI derived from 1 km MODIS
products resulted in a higher R? (74%) and lower RMSE (13.4 Mg/ha) than others. We
conclude that Lidar data can be used to bridge the scale gap between satellite and field
studies. Our results indicate that combining MODIS and Lidar data has the potential to
estimate regional forest AGB.
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8.2 Appendix B2: Spatial Team Integration Team meetings, workshops, and
webinars

e May 1, 2014, Spatial IT webinar, online.

e July 15,2013, UC Merced Library Exhibit, Merced CA.

e May 17,2012, Lidar workshop — northern site, Foresthill, CA.
e May 16, 2012, Lidar workshop — southern site, O’Neals, CA.
e June 4, 2009, Lidar workshop — northern site, Foresthill, CA.

e June 3, 2009, Lidar workshop — southern site, North Fork, CA.
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8.3 Appendix B3: Spatial Team newsletters

8 April 2011. Spring 2011 Newsletter: Vol 5. No. 1 - Spatial Team

The SNAMP Spatial Team is using Lidar data to map
forests before and after vegetation treatments and
measuring forest habitat characteristics across treatment
and control sites. These data will provide detailed
information about how forest habitat was affected by
fuel management treatments. Airborne Lidar (light
detection and ranging) works by bouncing light against a

target in a similar way to sonar or radar.

20 October 2008. Fall 2008 SNAMP Newsletter: Vol 2. No 3 - Spatial Team

Geospatial data, or data linked to a place on the surface of the
earth, are increasingly a part of our everyday lives and an
important resource for environmental research. Geospatial data
play a large role in the SNAMP project. We are mapping the
forest before and after SPLAT treatments, and measuring
forest habitat characteristics across our treatment and control
sites. This newsletter discusses one of our datasets, called

LIDAR, a new tool that shows great promise for mapping forests.
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8.4 Appendix B4: Base GIS data

e (Government:
0 City/town locations (CaSIL, ESRI, and geonames/geocities.org)
County boundaries (source: ESRI)
State boundaries (source: ESRI)
Ownership (private vs. public) (source: ESRI)
Federal lands (e.g., FS areas, etc.) (source: FS)

O O O O O

Yosemite area (source: nps.gov)

e Other FS data:

0 Cedar Valley Project (source: FS)
Fishcamp project (source: FS)
Nelder Grove (source: FS)
SNAMP SPLATS (source: FS)
Fishcamp SPLATS (source: FS)

O O O O

e Transportation:
0 Highways, roads, local roads (source: CaSIL)
0 Trails (source: NF)

0 Rail networks (source: ESRI)

e Hydrology:
0 Reservoirs and lakes (source: NHD)

0 Streams and rivers (source: NHD)
e Topo:

0 30m and 90m DEM (source: CaSIL)

O Mountain peaks (source: mountainpeaks.net)
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SNAMP:

O O O O

Main study area boundaries (source: SNAMP)
Water study areas (source: SNAMP)

Owl and Fisher study areas (source: SNAMP)
Plot locations (source: SNAMP)

SNAMP base station (source: SNAMP)
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