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Abstract

Nantahala and Pisgah National Forests are renowned for scenic vistas, unique plant communities,
and diverse species assemblages. Within this region are 11 forest ecosystems managed under the
1994 amended Land Management Plan (LMP). The LMP for these National Forests are currently
being revised under the New 2012 Planning Rule. The revised LMP will govern how the forests
will be managed for the next 15+ years. The revision, legislatively governed as a collaborative
process under the New Planning Rule, provides a vital opportunity for stakeholders to influence
management practices. Recently through the Federal Registrar the USFS published a “Notice of
Intent to Revise the Land and Resource Management Plan and Prepare an Environmental Impact
Statement”. This provides a short window of time for the public to comment and provide
guidance on “need for change” statements. Much of stakeholder interest has centered on the
following statement: “There is a need to provide direction to proactively manage, maintain, or
restore ecosystems, watersheds, and rare habitats, to better control non-native invasive species,

and to consider riparian area management”.

This analysis builds upon a prior ecological departure analysis of Nantahala and Pisgah forest
ecosystems that compared each ecosystem’s current forest structure to its historical Natural
Range in Variation (NRV) to identify departed forest ecosystems. NRV provides reference
conditions which describe how forest condition classes (seral class and canopy cover) for an
ecosystem were influenced by disturbance and succession prior to European settlement. | applied
the NRV concept in a two part analysis of restoration needs in Nantahala and Pisgah National
Forests to first determine where within a forest's departure active management interventions are
needed and then to identify watersheds which contain high levels of restoration needs without

conflicting with local stakeholder conservation interests.

Local partners were engaged in verifying results of the restoration needs analysis and
synthesizing potential active restoration techniques. In total, this analysis identified over
270,000 acres as in need of active restoration, mostly residing within the mid to late closed forest
condition classes. The first portion of this study indicates that there is currently a need to
increase active restoration efforts through management activities such as prescribed burning. The

second portion of this study shows that there is sufficient area available for timber and prescribed
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burns to take place that do not conflict with local stakeholder interests. The results illustrate that
prescribed burning is the appropriate active management scenario for most of the study area,

including seven of the ten watersheds that exhibit the strongest need for active restoration.



Introduction

Nantahala and Pisgah National Forests are the two largest national forests within North Carolina
and together contain 1.1 million acres of diverse communities and species assemblages,
including very high diversity of salamanders and breeding birds. These forests are managed
according to the National Forest Management Act (NFMA) which requires all National Forests
or Grasslands to develop and maintain a Land Management Plan (LMP). In addition to NFMA,
the National Forest’s Land Management Plan must meet the criteria of the current federal
Planning Rule. The 2012 Planning Rule introduced many changes into how LMP are revised as
well as information within a LMP. Of interest is an emphasis on increasing public involvement
through collaborative processes and ecological restoration at the community and species level.
LMPs are typically revised every 10-15 years and provide forest-wide direction, management
area designations, and are the basis for any project specific proposals and analysis that the United
States Forest Service (USFS) recommends during the life of the plan.

The current Nantahala and Pisgah Plan was written in 1987 which was followed by a significant
Amendment (Amendment 5) in 1994. It is the Amendment 5 LMP that currently directs
management of Nantahala and Pisgah National Forests. The current LMP has 21 management
area designations and overall the Plan emphasizes timber management and recreation. The
structure of the LMP is such that there are forest-wide directions which govern the entire
Nantahala and Pisgah National Forests and management area directions which govern each
management area within the forest. The forest-wide directions include information on forest
goals, forest management objectives, resulting future conditions, and forest-wide management
requirements. Forest-wide direction is arranged by activities, (i.e. dispersed recreation or
vegetation management), with each activity containing general direction and standards. The
information is meant to direct management across all management areas unless a specific
management area provides more detail on an activity’s direction or standard. For example, there
are forest-wide general directions and standards regarding minerals management which allows

mineral extraction, however when one evaluates the management area direction for Wilderness it
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states that no mining is allowed. Additionally, if a management area does not have an activity

section on minerals management one would refer to the forest-wide direction for information.

ASSESS

pppppp

REVISE

(or Amend)

Figure 1. New USFS process for Land Management Plans outlined in 2012 Planning Rule

Nantahala and Pisgah National Forests are in the process of revising their LMP and have
volunteered to use the New 2012 Planning rule. These forests are currently in the second stage,
the revise phase, of a multi-stage Plan revision process which began in October 2012 (Figure 1).
This assessment phase, as do all phases, now focus on engaging partners and seeking public
feedback on “need for change” statements published by the USFS in public outreach materials as
well as in the Federal Registrar. This legislatively mandated revision provides opportunities for
stakeholders to recommend plan direction and management-area designations. Beyond the
Nantahala-Pisgah LMP revision, federal forest management across the nation has shifted toward
emphasizing ecological restoration (USDA 2012, USDA Forest Service 2012). This national
shift in management goals aims to reverse habitat degradation, which likely resulted from long-
term fire suppression, widespread disease outbreaks, and intensive land management practices
(Haugo et al. 2014; Haugo and Welch 2013).

Nantahala and Pisgah National Forests have a long and complicated management history and
current forest ecosystems are the result of these decisions and natural disturbances (Vose 2013).
These forests have experienced a varied history of fire management beginning with Native
American burns which encouraged open canopies and oak regeneration (Brose et al. 2001).

Native Americans used low intensity fires to boost berry and fruit production, create and sustain
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grasslands, flush game for hunting, and prepare sites for agriculture (Brose et al. 2001). During
the early 20™ century, forest management emphasized high levels of timber extraction with
clearing of large tracts of land. Additionally this landscape experienced a reduction in fire, as fire
suppression became the main strategy for forest fire management.

Insect and diseases have also contributed to altering forest composition. Some of the more
notable and large-scale outbreaks include the chestnut blight, hemlock wooly adelgid, and pine
bark beetles. The chestnut blight significantly altered the landscape through the rapid death of
trees giving way to open space for other species to move in. The forest structure and composition
seen today is largely a result of natural historical events and management practices. For example,
fire suppression in highly fire-adapted systems has resulted in a closing of the canopies; such is
evident in species with a fire return interval of less than 20 years being the most departed
systems from reference conditions (Kelly 2013). These alterations have caused concern among
wildlife biologists, botanists, hunters, and conservationists. As a result, today’s forest ecosystems
in Nantahala and Pisgah National Forests have high understory shrub density, declining
populations of oak species, and closing canopies. The US Forest Service (USFS) is tasked with
not only grappling with the consequences of past management practices but will face new
challenges, such as climate change, increased human and natural disturbances, and habitat

fragmentation, which require landscape-level conservation and restoration efforts.

Anytime a forest experiences an overabundance of a seral class, it sends a pulse of that single age
class through time (Watt 1947). The current age classes and canopy cover reflects this complex
past. Each of these disturbances altered each forest system’s responses to shade, nutrient cycling,
insects, disease, and encroachment of invasive species. For example, Native American burning
practices promoted oaks, pine, and chestnut forests through allowing oak sprouting to take
advantage of areas where fire-sensitive competitors were reduced or excluded (Brose et al.

2001). This complicated history makes it difficult to figure out what to restore a forest to or

toward.

Natural Range in Variation (NRV) has emerged as a tool for managers to incorporate into
restoration and land management planning (Landres, Morgan, and Swanson 1999). NRV are

reference conditions, developed by ecologists, used to describe how forest condition classes



(seral class and canopy cover) for an ecosystem were influenced by disturbance and succession
prior to European settlement (Haugo et al. 2014; Landres, Morgan, and Swanson 1999; Keane et
al. 2009). NRV is a tool managers can use in restoration for setting management goals as it
provides a framework for improving our understanding of an ecosystem (Landres, Morgan, and
Swanson 1999; Haugo et al. 2014). It is particularly useful in systems where anthropogenic
change has altered ecological systems as it highlights forest conditions that are a result of these
changes. For example in the Nantahala and Pisgah National Forests the current overabundance of
late closed forest conditions is a reflection of early 1920’s timber harvests followed by large-
scale fire suppression. NRV aims to increase understanding of an ecosystem by evaluating the
historical driving processes of a system and how these processes influence current conditions.
This analysis builds upon a prior ecological departure analysis of Nantahala and Pisgah forest
ecosystems that compared each ecosystem’s current forest structure to its historical Natural
Range in Variation (NRV) to identify how far the entire forest has departed from its reference
condition (Kelly 2013).

| applied the NRV concept in a two part analysis of restoration needs in Nantahala and Pisgah
National Forests to first determine where within a forest's departure active management
interventions are needed and then to identify watersheds which contain high levels of

restoration needs without conflicting with local stakeholder conservation interests.



Study Area

This project examines approximately 765,872 acres of Nantahala and Pisgah National Forests
(Figure 2). The Grandfather Ranger District of Pisgah National Forest is excluded from this
analysis, as it was not modeled in the ecological departure analysis due to insufficient LIDAR
data. Nantahala and Pisgah National Forests contain 11 forest ecosystems. Within this region,
these ecosystems vary across their predicted fire return intervals, disturbance history, timber

management, and topographic gradients.

Forest Ecosystems in
Nantahala and Pisgah National Forests

I Acidic Cove
I Shortleaf Pine-Oak
B Pine-Oak Heath

Mesic Oak-Hickory
I High Elevation Red Oak
I Dry Oak

Dry Mesic Oak-Hickory
Il Northern Hardwoods Cove

Northern Hardwoods Slope
~ Spruce-Fir

Rich Cove
X1 Excluded From Analysis
[INational Forest Boundary
[_1State Boundary

Figure 2. Map of ecosystems in Nantahala and Pisgah National Forests. The ecosystem
boundaries have been visually exaggerated for display purposes.



Data Description

Both components of this analysis required a variety of data sources to evaluate forests in

Nantahala and Pisgah National Forests. The three main sources of data and their applicability,

use and limitations in this project are outlined below.

Natural Range in Variation

Natural Range in Variation (NRV) is calculated using LANDFIRE, which relies on a
BioPhysical Settings (BpS) models. This model is a spatially explicit, multiple pathway model
which seeks to estimate the distribution of forest seral and canopy cover classes by incorporating
pre-European settlement rates for disturbances and succession(Haugo et al. 2014; Landres,
Morgan, and Swanson 1999). LANDFIRE is a federal government program which aims to
provide broad scale data products such as NRV values derived from BpS models(Landres,
Morgan, and Swanson 1999). The rates of disturbances that are fed into the BpS models are
estimated through a literature review and expert analysis. BpS models are regularly updated as
new information becomes available (Haugo et al. 2014). The resulting NRV of a BpS does not
represent a single moment in time, yet it is an approximation of an equilibrium condition which
is estimated through running the BpS models multiple times (Haugo et al. 2014). It is important
to note that like all model outputs, NRV values are estimates and contain varying levels of error.
One of the main critics of NRV is that one is trying to restore toward an unobtainable pristine
ecological condition that is no longer realistic (Landres, Morgan, and Swanson 1999; Keane et
al. 2009). This interpretation of NRV is flawed as NRV allows for an understanding of past
ecological systems and how they changed through time. The incorporation of NRV values in this
analysis recognizes that forests are not static and that these systems do not have a single set of
optimal conditions. NRV values were used as a foundation for facilitating conversation amongst

managers, scientists, and conservationists.

Ecological Zones (Ecozones)

Ecological zone data was used to represent anticipated forest ecosystems in Nantahala and
Pisgah National Forests. These ecological zones (ecozones) areas based on vegetative
community composition with unique sets of environmental (Simon et al. 2014). These ecozones
have been identified across Nantahala and Pisgah National forests based on field data as well as
digital models that characterized unique environmental variables associated with these identified
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plant communities (Simon et al. 2014; Sutton and The Nature Conservancy 2014). Over recent
years multiple iterations of this modeling and mapping effort have been created and refined. The
ecological zone mapping and analysis found that ecozones could be used as a proxy to identify
homogenous units of forest (Simon 2011).

It is important to note that this project uses the forest communities estimated from the ecological
zone analysis and does not have a true species composition, but that Simon’s ecozone work is the
most widely accepted, and best representation of vegetation in Nantahala and Pisgah National
Forests. The predicted ecozones were crosswalked to BpS model ecosystems to obtain NRV

values for each system (Kelly 2013).

Ecological Departure Analysis

The ecological departure analysis used by J. Kelly was modeled after the eCAP methodology
developed by The Nature Conservancy. The ecological departure analysis uses NRV values,
ecozone maps, and current forest structure in order to estimate a forest’s ecological departure.
Current forest structure was contrasted with NRV values in 11 ecosystems and determined the
overall departure of each system from its predicted historical distribution. J. Kelly (2013) used
NRV values derived from LANDFIRE BioPhysical Settings models and calculated current forest

structure.

A data set was provided by Josh Kelly of Western North Carolina Alliance (Kelly 2013). The
resulting dataset contained more than 100 GIS layers separated by ecosystem type, canopy cover,
and shrub height. These layers were created by processing 2005 LiDAR data and USFS stand
data into raster files before conversion to shapefiles. This conversion decreased acreage at least
5%. All enumerated acreage estimates in part one of this report refer to estimates from the raster
datasets, however, the map figures refer to the shapefile layers. Additionally, the following

definitions were used to define forest conditions:

» Closed canopy: >60% canopy cover or an open canopy in mid — old growth seral classes
with a high shrub density

» Open canopy: <60% canopy cover and a low shrub density

» High shrub: >50% shrub density
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» Low shrub: < 50% shrub density

Departures from current conditions were calculated by comparing current proportion of seral
classes to the reference condition (NRV) predicted with the Biophysical settings models. The

following equation was used to calculate the departure:

n
100% — Z min{Current;, NRV;}

=1

The analysis identified five systems as having poor ecosystem health, which was defined as
having a system departure greater than 66%. The results of this study provide ecological

departure by forest ecosystem (Table 1).

Table 1. Ecological departure by ecosystem. Excerpted from Kelly 2013.

System Departure

Forest Ecosystem (%)

Dry Oak 84
Pine-Oak Heath* 83
Shortleaf Pine-Oak* 83
Dry Mesic Oak-Hickory 70
Mesic Oak-Hickory 70
High Elevation Red Oak 63
Rich Cove 54
Acid Cover 55
Spruce-Fir* 34
Northern Hardwoods

Cove* 6
Northern Hardwoods

Slope* 3

* Old growth seral classes were not analyzed in the BpS models therefore they were not included

in the ecological departure analysis.
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Part I: Forest Restoration Needs
Analysis

The restoration needs analysis relies on data generated from the ecological departure analysis to
identify forest condition classes contributing to a systems departure that also have the potential
for active management. Active management is defined as a management intervention with the
goal of restoration and varies from prescribed burning to mechanical thinning. Several
assumptions are inherent in this restoration needs analysis. All systems may require some level
of restoration, but this analysis focuses solely on restoring forest structure; analyses of forest
species composition, invasive species management, or wildlife habitat could yield a very
different list of forest systems in need of restoration. The hope is that as these forests transition
toward their historical range in variation the ability for them to function as a system and have
increased resiliency will follow. This analysis focuses on forest conditions classes requiring
active management on federally managed forests because of the potential to leverage
management changes in the LMP revision process. Many of the methods in this analysis were
modeled after similar analyses, particularly the work of the Clearwater Basin Collaborative in
Idaho (Haugo and Welch 2013; Haugo et al. 2014). This analysis followed a four-step process,

which included:

» Classifying management interventions
> ldentifying forest conditions driving departure
» Mapping of ecosystems identified as most in need of active restoration

» Verifying results of restoration needs analysis with expert review

Potential Management Interventions

Forests are dynamic systems which when undisturbed by natural or human events naturally age
from an early successional class through old growth. At each seral stage these forests are
susceptible to natural disturbances such as a lighting strike setting fire and altering forest
conditions. Land managers can alter forest succession through management decisions. When a

decision is made to extinguish a wildfire, it likely will result in a more closed canopy. Identifying
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where and how managers can intervene and transition forest seral classes is illustrated below
(Figure 3).

Stand replacement

Stand replacement

Growth w/ active Growth w/ active
management management
TNANAgement: =

Growth without
management

Growth without
Active management

Active management
management

Growth without
management
Active management

Growth without
management
%

Closed Closed

Growth without
Late management OId
%

Growth

Closed

Stand replacement ‘

Stand replacement

Figure 3. Forest class transitions for active and passive management.

Three types of management categories were considered in this analysis:

» Active: An intentional management action is taken to alter the current forest condition.
For example, overstory thinning results in opening forest canopy and is considered active
management.

> Passive: Restoration occurs through natural succession.

> Active & then Passive: An active management intervention occurs at least once and then
natural succession follows. For example if a system needed to transition from late closed
to old growth open an active management intervention would be necessary to open up the
canopy as well as time for the seral class to age.
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Identification of Systems Most In Need of Restoration

The ecological departure analysis provided acreage and percentage of the system separated by
seral class, canopy cover, and shrub height. While the ecological departure analysis considered a
system departure, greater than 66% to be in poor ecosystem health this analysis evaluated any
system which had greater than a 60% cumulative departure. Six systems were identified as most

in need of restoration:

Dry Oak

Pine-Oak Heath
Shortleaf Pine-Oak

Dry Mesic Oak Hickory
Mesic Oak-Hickory
High Elevation Red Oak

YV V. V V V V

Forest Ecosystems Identified as In
Need of Restoration

M Pine Oak/Heath

B Dry Mesic Oak Hickory
B Mesic Oak

B Dry Oak

m High Elevation Red Oak
H Shortleaf Pine-Oak

= Other

Figure 4. Forest ecosystems identified as most in need of structural restoration (excludes
Grandfather Ranger District).
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These six systems cumulatively cover approximately half of Nantahala and Pisgah National
Forests study area (Figure 4). Within these systems, each individual forest condition class was
evaluated for its contribution to the system’s overall departure. Forest condition classes are
defined as the unique combination of seral class and canopy cover (e.g. late seral closed). Any
forest condition which had greater than 5% departure was designated as in need of evaluation at

the partner meeting. The following information was then classified for each forest condition:

» deficit or overabundance of acres in relation to NRV,
> the required active, passive, or active and then passive management to transition
ecosystem toward NRV and

» appropriate management tools for restoration (i.e prescribed fire or thinning)

Each of these systems required primarily active restoration to return the system closer to its
NRV. The general trend of mid-closed or late-closed being over abundant emerged as well as a
general lack of old growth open. The results of this analysis were compiled for use in a
geospatial mapping of forest condition classes contributing to departure. These maps were
accompanied by their statistical information in spreadsheet form for evaluation by local experts

at a partnership meeting.

GIS Analysis

Geospatial analysis software (ArcGIS 10.2) was utilized in evaluating the spatial distribution of
each forest ecosystem (ESRI 2012). ArcGIS is a mapping software which allows users to create
maps and use geographic data to evaluate spatial relationships. This software is a powerful tool
that allows one to perform large-scale analysis such as this one of the Nantahala and Pisgah
National Forests. The ~120 shapefiles separated by ecosystem type, canopy cover, and shrub
height were combined into 11 shapefiles, one for each system. A custom python script was used
to dissolve, add attribute information, and combine each system into a single shape file. Forest
condition classes contributing to a system’s departure that could be reduced through active
management were identified. A custom GIS tool was used to query for these attributes and
combined them into a separate shape file for each forest ecosystem. This resulted in maps of
each ecosystem showing where there is a need for active restoration which were presented at a
partner engagement meeting.
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Partner Engagement

The results of identifying areas for active restoration and subsequent maps were presented at an
all-day partnership meeting in Asheville, NC on January 28, 2014. The meeting was attended by

13 state, federal, and non-profit organizations. The meeting objectives were to:

> share with and receive feedback from partners on the in-progress restoration needs
analysis

» collect information on restoration priorities and to prioritize the top forested systems in
need of restoration

> to develop a realistic goal for restoration of the highest prioritized systems for the next 20

years

In general participants were interested in overarching themes within each system rather than
detailed NRV values. This was to be expected as it is recommended that NRV values be used to
guide restoration efforts. It became apparent rather quickly that restoration of these forests would
need to extend beyond the life of the next LMP. A few individuals suggested that the USFS
consider using Landscape Forecasting models similar to those done on the Cherokee National
Forest. Overall participants agreed that the analysis successfully identified the overarching

drivers of departure in each forest ecosystem.

Results of Identifying Active Restoration

The results presented here incorporate information gleaned from the partnership meeting as well
as the geospatial mapping of these systems in order to give an accurate and complete picture of
overall restoration need and system specific needs. System specific result summaries are
provided as experts were able to add important system specific restoration information. Also
inclusion of this information is important in documenting restoration needs for each system that
may not be captured in 2005 LiDAR data. For example, pine beetle outbreaks were brought up
by many partners as information that was not captured in the ecological departure analysis due to

an absence of more recent LiDAR data.
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An overabundance of mid closed and or late closed forest conditions and a need for active
restoration was documented in this analysis and confirmed by expert opinion at the partnership
meeting (Table 3). Forest condition classes with an overabundance were all classified as needing
active restoration and/or active restoration followed by passive restoration. The results presented
here focus solely on the active portion of restoration as the passive stage will extend beyond the
current LMP. Time plays an important role in the long-term restoration goals of these systems.
For example in systems like Mesic Oak Hickory with an overabundance of the late-closed stage
and a deficit of old growth open, reducing the overabundant class will temporarily cause a large
increase in late-open until it ages to old growth-closed. Cumulatively 270,254 acres of active
restoration is needed in order to restore forest condition classes with an overabundance back to
their NRV values (Table 4).

It is important to reiterate that the goal has never been to return all six of these systems to their
NRV. However, NRV values are helpful in identifying drivers of departure and the results of this
analysis show overwhelmingly that in all six systems mid closed and late closed forest condition
classes are excessive. This analysis shows that there is an overwhelming portion (>50%) of these
six systems residing with the late closed condition class.

Table 3. Percentage of forest condition classes in mid closed and late closed for each ecosystem.

Proportion of System
Forest Ecosystem Mid Closed Late Closed
Pine Oak Heath 14.77% 76.59%
Shortleaf Pine Oak 27.58% 57.81%
Dry Oak 16.90% 66.40%
Dry Mesic Oak
Hickory 16.75% 68.83%
Mesic Oak Hickory 22.36% 56.37%
High Elevation Red
Oak 17.40% 56.20%
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Table 4. Acreage and percentage of each forest ecosystem requiring active restoration.

Forest Ecosystem

Total Current NF
Area

Total Amount Requiring Active Restoration

Acres

AcCres %

TOTAL

378,906

270,254

Legend

I 60%-69% Restoration Need
I 70%-79% Restoration Need
I 80%-90% Restoration Need
X% Excluded From Analysis

[ State Boundary

Active Restoration Needs in
Nantahala and Pisgah National Forests

[_]Nantahala and Pisgah National Forest Boundary

38
Miles

0 475 95

Figure 5. The areas identified show the relative percent of each system that needs to be restored.
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Pine Oak Heath was identified in this analysis as having the greatest proportion (83%) of the
system requiring active restoration (Figures 6 & 7). The distribution of forest condition classes
show that the overabundance of late closed is the largest forest condition class, thus requiring the
most active restoration. Experts when showed this chart commented that there is a possibility
that the 2005 LiDAR data does not accurately portray the late closed category. A large outbreak
of pine bark beetles occurred in the early 2000s and many dead trees were possibly still standing
when LiDAR data was collected. Attention was also drawn to the high shrub density of this
system (55%) as well as a loss of seed trees in this system. Partners agreed that this system has
been neglected but provides the opportunity for an aggressive fire program. Mechanical thinning
and prescribed burning were both considered viable management tools for opening up canopy
cover and reducing the amount of late closed. Encroachment of white pine was presented as an
additional management challenge for restoration. This system serves as an example where
partners may not agree on the exact NRV value predicted by BpS models at 5% for late closed,

yet all agreed that 76% of this system was too high.
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Pine Oak Heath Ecosystem

in Nantahala and Pisgah National Forests

Seral Class and Canopy Cover
Early
Il Mid Open
Il Vid Closed
Il Late Open
[ Late Closed
BZZ3 Excluded From Analysis
[__1Nantahala and Pisgah National Forests

Figure 6. Distribution of forest conditions classes in the Pine Oak Heath ecosystem. The forest
condition class boundaries have been visually exaggerated for display purposes.

Pine Oak Heath
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-5,500

=
-

Early- Mid-seral Mid-seral  Late-seral Late-seral
seral Open Closed Open Closed

Figure 7. Comparison of current forest condition classes to their predicted reference condition in
the Pine Oak Heath ecosystem.
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Shortleaf Pine Oak had a significant portion of the system (~57%) residing within late closed
(Figures 8 & 9). Similar to Pine Oak Heath, there was a concern that many of the late closed
captured by 2005 LiDAR might be misrepresentative of the total amount of living trees due to
pine beetle infestations. This was echoed in comments concerning a need for a better
understanding of actual species composition and current conditions. Partners worried that there is
an encroachment of hardwoods into this system and that restoration of this system will take a
considerable amount of time. Complicating the long-term success of this system is that Shortleaf
is fickle in seed production with about a 30-year timeframe on seed life. Partners were concerned
as they have not seen much regeneration within this system and several noted the establishment
of early seral forest would require plantings.

22



Early
[ Vid Open
I \Vid Closed
I Late Open
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[_] Nantahala and Pisgah National Forests

Shortleaf Pine-Oak Ecosystem
in Nantahala and Pisgah National Forests

Seral Class and Canopy Cover

Figure 8. Distribution of forest conditions classes in the Shortleaf Pine Oak ecosystem. The
forest condition class boundaries have been visually exaggerated for display purposes.
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Figure 9. Comparison of current forest condition classes to their predicted reference condition in
the Shortleaf Pine Oak Heath ecosystem.
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This system ranked second in the ecological departure analysis as the most departed with 66% of
current forest conditions residing within late closed and only 0.2% in old growth open (Figures
10 & 11). Several partners commented that the exact NRV values for closed canopy conditions
across seral classes might be too low. Despite these concerns, all agreed that this system has an
excess of closed canopy. Several challenges for restoration include a very high shrub density,
overabundance of scarlet oaks, and need for a fire program with frequent burns. Experts stressed
the need to balance prescribed fire intensity and frequency with oak regeneration. Many felt that
in the beginning fire intensity would need to be higher in order to reduce the overabundance of
evergreen shrubs. One advantage this ecosystem had over others was it has been resistant to

encroachment of maple trees due to dry conditions.
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Dry Oak Ecosystem
in Nantahala and Pisgah National Forests
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Figure 10. Distribution of forest conditions classes in the Dry Oak ecosystem. The forest
condition class boundaries have been visually exaggerated for display purposes.
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Figure 11. Comparison of current forest condition classes to their predicted reference condition
in the Dry Oak ecosystem.



When partners were presented with information on this system’s departure all agreed that this
system identified the major structural restoration needs (Figures 12 & 13). The discussion of a
need for species composition was considered a key component in order to successfully restore
this system. Many participants were concerned with the level of mesic species currently in the
late age class as well as their establishment in the understory. It was mentioned that if no
management actions are taken that this system it will have a major loss of Oak and transition to a
mostly mesic forest. Information gleaned on the accuracy of the current amount of early aged
forest revealed that it will be transitioning to mid seral soon. This age distribution likely resulted
from an old cutting cycle (~20 years). While many did not agree on the amount of old growth
open compared to old growth closed suggested by NRV values (20x more), there was major
concerns over the lack of old growth regardless of canopy openness. Partners were concerned
regarding the ecological implications of having nearly 66% of the system in late closed.
Resulting from this discussion was the notion that while we may not be able to accelerate time to
transition much of the late to old growth, however, expanding the types of silviculture practices
could help compensate. More specifically mocking gap, structure and patch dynamics of old
growth through over story canopy management could be used in conjunction with a long-term

plan to transition toward more old growth.
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Dry Mesic Oak Hickory Ecosystem
in Nantahala and Pisgah National Forests
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Figure 12. Distribution of forest conditions classes in the Dry Mesic Oak Hickory ecosystem.
The forest condition class boundaries have been visually exaggerated for display purposes.
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Figure 13. Comparison of current forest condition classes to their predicted reference condition
in the Dry Mesic Oak Hickory ecosystem.



Mesic Oak Hickory is overall a very productive forest ecosystem with its current forest
composition containing a large portion of mid closed and late closed, cumulatively ~78% of the
system (Figures 14 & 15). While partners mentioned that this system, like others would benefit
from more detailed information regarding species composition. Many mentioned that the current
late closed forest captured by the 2005 LIDAR data might actually be dominated by tulip poplar
rather than characteristic vegetation. Active restoration in this system is complicated by the
nature of this system’s presence along steep slopes. In regards to the early age class, not only is it
below the NRV, many felt that the early forest predicted by LiDAR is near aging to mid.
Additionally oak plantings are another key component such that there is a need for their

establishment post canopy opening.
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Mesic Oak-Hickory Ecosystem
in Nantahala and Pisgah National Forests

Seral Class and Canopy Cover
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Figure 14. Distribution of forest conditions classes in the Mesic Oak Hickory ecosystem. The
forest condition class boundaries have been visually exaggerated for display purposes.
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Figure 15. Comparison of current forest condition classes to their predicted reference condition
in the Mesic Oak Hickory ecosystem.



High Elevation Red Oak forests had the least cumulative amount of forest in need of active
restoration with 62% of the system requiring active management in late closed and mid closed
classes (Figures 16 & 17). However overall this is system is extremely closed with only 6%
falling into the open category across all seral classes. This system historically contained a
healthy Chestnut population which many felt supported the notion that this system overall was
quite open. Partners mentioned that there were concerns regarding the accuracy of the BpS
models. However, all agreed that there is an overabundance of mid and late closed classes as
well as a need for active restoration. These forests had the highest proportion of old growth
compared to the other systems in this analysis with growth comprising 17% of the system. When
experts were presented with this information, they mentioned that the natural occurrence of this

system at high elevations might have prevented timber harvest.
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Figure 16. Distribution of forest conditions classes in the High Elevation Red Oak ecosystem.
The forest condition class boundaries have been visually exaggerated for display purposes.
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Discussion

This portion of the project focused on identifying broad goals for structural restoration of forest
ecosystems in Nantahala and Pisgah National Forests. The proceeding prioritization will focus
on selecting watersheds with an overabundance of mid closed and late closed forest condition
classes. However, the information presented for each forest ecosystem needs to be taken into
account when the USFS sets restoration goals for forest management at the ecosystem and the
project level. The same assumptions which applied to the ecological departure analysis are
inherited in this analysis. Caution is recommended when evaluating the results as error is
introduced in LIDAR measurements, ecozone mapping, and in generating NRV values.
However, even when one considers these sources of error, this analysis utilizes the best available
science and techniques for addressing structural restoration. Despite these margins of error, large
trends, such as an overabundance of late closed forest condition classes still stand out as a major

structural restoration need.

Overall the restoration needs analysis was well received by participants in the partnership
engagement process. When soliciting feedback on this project from partners and experts two
main concerns emerged. First, there is a need for more detailed species composition. This desire
for more detailed species composition was a clear during the partner engagement meeting, as
many felt it would improve the accuracy and efficiency of large-scale restoration planning.
Obtaining accurate species composition data allows land managers to identify areas of
uncharacteristic vegetation and prioritize restoration accordingly. For example, areas identified
as having uncharacteristic vegetation may be more suited for restoration practices that send a
seral class back to the early stage. On the other end of the spectrum is if a system with an
overabundance of late closed has intact characteristic vegetation then management activities
should focus on transitioning it to the appropriate old growth canopy classification.

Secondly, many were curious as to where restoration should occur across 1.1 million acres.
When delving into the conversation of where and how restoration could occur it became apparent
that where and how people think restoration should occur is still not a unified message. While
most organizations in attendance are conservation-oriented constituencies, they often have

conflicting opinions about restoration techniques. Some organizations voiced opposition to
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harvesting as a management scenario, while others were supportive or neutral. Quite often a
group could accept timber harvesting as a mean to increase canopy openness. However the
disagreements began when the topic of where this type of management occurs. As the LMP
revision is currently in the second portion of the revision process stakeholder groups are
proposing areas to be put under management area designations that could limit the suite of

restoration techniques.
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Part Il: Prioritizing Watersheds for
Active Restoration

Introduction

On March 12, 2014 the USFS published a “Notice of Intent to Revise the Land and Resource
Management Plan and Prepare an Environmental Impact Statement”. Within this announcement

the USFS identified the following restoration need:

There is a need to provide direction to proactively manage, maintain, or restore
ecosystems, watersheds, and rare habitats, to better control non-native invasive species,

and to consider riparian area management

This second portion of the analysis was added in order to address the concerns raised by
stakeholders during the partner engagement process as to where restoration could occur that
would not conflict with areas they will be proposing for management designations. This
prioritization identifies watersheds that maximize restoration needs and stakeholder interests.
The USFS has typically used watersheds as a metric for evaluating management activities. The
outcome of this analysis will provide the USFS with direction on where active restoration could
potentially occur that does not conflict with stakeholder interests. It evaluates different
management scenarios and watersheds that offer the best opportunities for restoration. It is
important to note that this analysis should inform forest management. However managers must
consider site-specific details when selecting a watershed for management or selecting a

management technique.

Active Management

This project focused on active management techniques which for the purposes of this
prioritization are categorized as 1) prescribed fire or 2) timber harvest. It is important to note that
the other management needs such as herbicide application or regeneration of seedlings are
included as options in either scenario. This analysis does not provide detailed prescriptions on
prescribed burning intensity or frequency or timber harvest type. It does stress the importance of
balancing of sustainable harvesting techniques or a burn program that does not increase

fragmenting features in forests. Timber harvesting in Nantahala and Pisgah National is a
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sensitive subject amongst conservation and wildlife groups due to past management. The
historically high harvest levels from the 1950 through much of the 1980s were primarily
achieved through clear-cuts. In response to mounting concerns over an over-harvesting the 1987
LMP was significantly amended in 1994 which included an expanded and more diverse set of
silviculture practices and removed clear cuts as the primary tool. Results of the restoration needs
analysis show that this reduction in forest management has caused the pendulum to swing to the
opposite extreme. There needs to be a middle ground for timber management that addresses
restoration needs without the addition of fragmenting features.

Methods

This analysis used ArcGIS to calculate active restoration needs through first identifying active
restoration limitations and removing then as suitable areas for active management. This process
was repeated for landscape characteristics which would limit the ability to perform a
management activity and in areas where stakeholders expressed where they would not want a
management activity to occur. These limitations were identified at the January 28™ 2014
partnership meeting, information in the USFS Land Management Plan and through directed
conversations with local stakeholders. The word limitation should be interpreted lightly as in
general it is used to define undesirable management actions associated with restoring forest

structure.

The data provided for this analysis was either in a feature class or shapefile format which
required the conversation to a raster format for faster procession. The management area data was
obtained from the USFS. State stream data was obtained from the United States Geological
Service. All data was projected in NAD 1983 UTM Zone 17N before analysis occurred. A series
of tools were used as each limitation was applied to the active restoration file which included the
raster calculator, reclassify, cell statistics, set null, and zonal statistics as table. The conversion to
the raster file format increased acreage at least 5%. All enumerated acreage estimates in this
portion of the report refer to estimates from the converted raster datasets, which are slightly

higher than those reported in the restoration needs analysis.
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Initial Active Restoration Limitations

Limitations identified in this step are initial limitations that apply to either management scenario.

This included the following limitations:

» Management area designation limits or does not allow timber and prescribed burns
(USFS)
» 100ft stream buffer (NC state law requires 50-100ft depending on stream classification)

> Restoration sites must be within 100ft of an existing road

USFS Management Areas

As part of the LMP revision, the USFS evaluates management area designations and can
reallocate how these areas are distributed. USFS management areas with vegetation
management directives that states timber should be managed as “land not suitable for harvest”
and is highly restrictive or prohibits prescribed burns were identified through evaluating the
current LMP (USDA Forest Service 1994). Information gleaned from the LMP was verified with
USFS personnel. These areas were then evaluated for their potential to change designation
during the revision process. Areas that are highly unlikely to change were based on information
provided in the LMP which includes areas with permanent structures present (i.e. campgrounds,
administrative facilities), federal or state regulation (i.e. wilderness areas, riparian buffers), or

research sites (Table 6).

Table 6. Management areas restrict and/or limit prescribed burns and timber harvest

Management Area ID Description

6 Wilderness Study Areas

7 Wilderness

8 Experimental Forests

10 Research Natural Areas

11 Cradle of Forestry in America
12 Developed recreation area

14 Appalachian Trail and corridor
16 Administrative facility areas
18 Riparian areas

PVT Private land
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Access to Restoration

When selecting timber stands for restoration activities, there is inherently the issue of access.
Nantahala and Pisgah National Forests have an extensive road network. One clear message from
the partnership meeting was a desire to not increase the current road network. Many are
concerned with creating additional fragmenting features and while a prescribed burn may be
desirable, it should not occur at the expense of fragmenting an intact forest. Nantahala and
Pisgah National Forests currently have 2, 296 miles of roads, of which base funding is not
sufficient to cover annual maintenance. In addition to annual maintenance costs, the USFS
currently has $61 million in deferred costs (USDA Forest Service 2003; USDA Forest Service
2014). All current USFS roads were given a 100ft buffer and intersected with potential active
restoration areas. All active restoration that was within 100ft of an existing road was considered
accessible. It is important to note that is currently no way to evaluate on the ground road
condition and the feasibility of access will need to be determined on a project level basis.

Stream Buffers

The state of North Carolina requires a 50ft or 100ft buffer (based on stream classification)
surrounding streams in order to prevent impairment of water quality during timber operations
and prescribed burns. A 100ft buffer was used as a conservative estimate in order to ensure water

quality is not impaired from management activities.

Timber Harvest Limitations

Timber harvest limitations were assessed using the current LMP, state topography data, and

stakeholder interests and included the following:

» Slope over 40% (USFS)

» Protect current old growth and intact forests (Stakeholder groups)

Feasibility of Harvest

Nantahala and Pisgah National Forests contain mountains with steep terrain which can increases
the difficulty of harvesting timber. Areas with a slope greater than 40% were considered areas
that would decrease feasibility of accessing a stand. 40% was chosen as the current LMP

discourages timber harvest to occur in these areas.
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Identify Stakeholder Interests

Three stakeholders were included in this analysis, all of which are conservation oriented
nonprofit organizations. However all stakeholders choose to be anonymous. Many of these
groups are still assessing the message and direction they will be providing to the USFS as part of
the formal Federal Register comment process. There was concern that through publically

participating in this analysis it could limit leverage in the LMP revision process.

Prescribed Burn Limitations

Identify Stakeholder Interests
One group is proposing to the USFS that a small portion of conservation areas should be placed

under a designation that restricts timber and prescribed burns in the new LMP. These locations

made up a very small portion of the landscape.
> Four top priority conservation areas (stakeholder group)

Suitable for Active Management

The results of the timber limitations were combined with the prescribed burn limitation results to
produce areas suitable for active management (timber and prescribed burns as suitable

management actions).

Results

Nantahala and Pisgah National Forests contain 127 watersheds (HUC 12) with a range of 0.22-
10,744 acres of active restoration opportunity per watershed (Figure 18). The mean amount of
active restoration per watershed was 2,355.35 acres (Table 7). The initial set of limitations to
active restoration dropped the mean area available for active restoration to 1,635 acres (Figure
19). The most significant decrease was seen when applying timber restrictions dropping the
average to 441 acres per watershed (Figure 20). Limitations on prescribed burns produced
significantly higher average area of 1,573 acres per watershed (Figure 21). Joining the timber
and prescribed burn limitations together only slightly reduced the average area per watershed
available with less than an acre average difference (Figure 22).
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Potential Active Restoration in
Nantahala and Pisgah National Forests
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Figure 18. Watersheds in Nantahala and Pisgah National Forests and areas identified as needing

active restoration. Ten watersheds with the greatest levels of active restoration are highlighted in
red.
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Table 7. Overview of restoration need in Nantahala and Pisgah National Forests

Watersheds ) . .
Containing Potential Active Restoration
Active Minimum | Mean Maximum | Total
Description Restoration | (Acres) (Acres) | (Acres) (Acres)
Active Restoration Needs
Analysis 127 0.22 | 2,355.35 | 10,177.44 | 299,129.94
Initial Active Restoration
Limitations 123 0.22 | 1,635.00 8,813.05 | 201,104.67
Timber Harvest
Limitations 117 0.22 | 441.99 2,652.72 | 51,713.62
Prescribed Burn
Limitations 123 0.22 | 1,573.26 8,813.05 | 193,511.24
Suitable for Active
Management 117 0.22 | 441.19 2,652.72 | 51,619.99

Comparison of Restoration Needs with
Active Restoration Limitations in
Nantahala and Pisgah National Forests

[ Potential for Active Restoration

2% Excluded From Analysis
[ ] Nantahala and Pisgah National Forests

[ ] State Boundary

I suitable Areas for Restoration After Removing Initial Limitations

Figure 19. Initial limitations to active restoration.
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Comparison of Restoration Needs
with Timber Limitations in
Nantahala and Pisgah National Forests
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Figure 20. Limitations on timber harvest and resulting areas suitable for restoration.
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Figure 21. Limitations on prescribed burns and resulting areas suitable for restoration.



Areas Suitable for Prescribed Burning and Timber
Management Interventions in
Nantahala and Pisgah National Forests

B Potential for Active Restoration
[ Suitable for Prescribed Burns or Timber Management
B2 Excluded From Analysis

[ Nantahala and Pisgah National Forests

E State Boundary

Figure 22. Areas suitable for timber or prescribed burns.

Ten watersheds identified as most in need of active restoration were compared to each active
management scenario; areas suitable for timber management, prescribed burns, and active
management (timber harvest and prescribed burns) (Table 11). The results show that prescribed
burning is the appropriate active management scenario for most of the study area, including
seven of the ten watersheds that exhibit the strongest need for active restoration. Areas identified
as potentially suitable for prescribed burns consist of 20% of area identified as in need of
restoration. Timber management as well as the active management scenario provide the least
restoration opportunities reducing the total available area by 40,389 acres and comprising 6.6%
of total area in need of restoration. There is little overlap between the prescribed burning and
active management scenarios (Figures 23 & 24). Only three watersheds rank among the top ten

for both scenarios.
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Highest Priority Watersheds
For Prescribed Burning in
Nantahala and Pisgah National Forests

[ | Top Ten Watersheds for Prescribed Bums -
I Fotential forActive Restoration ol
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Figure 23. Highest priority watersheds for prescribed burning. A pink outline denotes watersheds
that overlap with the top ten timber scenario sites

Highest Priority Watersheds

For Prescribed Burning and Timber in

Nantahala and Pisgah National Forests

|:| Top Ten Watersheds for Prescribed Burning and Timber R
I Potential for Active Restoration L
[ state Boungary . e

Figure 24. Highest priority watersheds for timber harvest and prescribed burning. A pink outline
denotes watersheds that overlap with the top ten prescribed burn scenario sites.
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Table 8. Top ten watersheds identified as in greatest need of active restoration. This table provides area information by management scenario
compared to restoration needs analysis.

Initial Active
Active Restoration Restoration Timber Harvest Prescribed Burn Suitable for Active
Rank Needs Analysis Limitations Limitations Limitations Management
HUC Code | Acres HUC Code | Acres HUC Code | Acres HUC Code | Acres HUC Code | Acres
1 060101050202 | 10,177.44 | 060101050202 | 8,813.05 | 060200020705 | 2,652.72 | 060101050202 | 8,813.05 | 060200020705 | 2,652.72
2 060101060305 | 9,498.91 | 060101050101 | 7,923.47 | 060101050102 | 2,552.64 | 060101050101 | 7,923.47 | 060101050102 | 2,552.64
3 060101050101 | 9,077.25 | 060101060305 | 6,522.16 | 060200020702 | 2,417.21 | 060101060305 | 6,522.16 | 060200020702 | 2,417.21
4 060101051203 | 7,794.70 | 060200020903 | 6,463.23 | 060200020902 | 1,973.31 | 060200020903 | 6,463.23 | 060200020902 | 1,973.31
5 060101050402 | 7,182.23 | 060200020704 | 5,960.84 | 060102020201 | 1,949.29 [ 060200020704 | 5,960.84 | 060102020201 | 1,949.29
6 060102040107 | 7,139.53 | 060101051203 | 5,868.32 | 060101050101 | 1,940.84 | 060101051203 | 5,868.32 | 060101050101 | 1,940.84
7 060200020903 | 7,089.49 | 060102030105 | 5,569.20 | 030601020202 | 1,885.91 | 060102030105 | 5,569.20 | 030601020202 | 1,885.91
8 060200020704 | 6,555.08 | 060102020303 | 4,863.32 | 060200020903 | 1,702.87 | 060102040107 | 4,846.87 | 060200020903 | 1,702.87
9 060102030105 | 6,518.38 | 060102040107 | 4,846.87 | 060200020703 | 1,466.91 | 060102020303 | 4,657.83 | 060200020703 | 1,466.91
10 030601020202 | 6,243.28 | 060200020902 | 3,774.70 | 060200020603 | 1,408.87 | 060200020902 | 3,774.70 | 060200020603 | 1,408.87
TOTAL 77,276.31 60,605.17 19,950.57 60,399.68 19,950.57




Discussion

This analysis is intended to identify restoration needs of forest ecosystems across Nantahala and
Pisgah National Forests, highlighting watersheds that provide the greatest opportunity for
multiple management scenarios. Providing a suite of management options allows for the USFS to
evaluate options and integrate current research, resources, and funding in selecting watersheds
for restoration. Additionally the USFS is tasked with balancing public and stakeholder interests.
The reality of public land management is that timber harvesting occurs and will continue to
occur on National Forests. The USFS employs a suite of silvilculture and prescribed burning
methods that can be adjusted to meet restoration needs based on stakeholder interests. The results
show that the areas identified as needing active management are extensive enough to support
multiple management approaches. This flexibility is critical because it gives the USFS leeway to
incorporate stakeholder interests in their management plans without compromising ecological

restoration.

Of the two main scenarios, (prescribed burning and active management), the active management
scenario provides the lowest area available for restoration at ~20,000 acres within the highest
priority watersheds. However when one evaluates 2007-2012 harvest data the cumulative area
available within these ten watersheds alone exceeds the cumulative ~6,500 acres harvested
(USDA Forest Service 2014). The USFS was not able to comment on what type of budget or
scale that they will be able to conduct timber harvests or prescribed burns in the future; however
it seems that the past 2007-2012 data serves as a good indicator for future operations. The
coupling of timber management with prescribed burning, if there is a commercial component,
has the opportunity to fund some of the prescribed burns that are much needed across these
National Forests. Through a small increase in sustainable timber harvest the watersheds in need
of restoration can meet some of their restoration needs through commercial thinning as well as
providing funding for prescribed burns in less economically attractive ecosystems. Given the
current downward trend in budget and staff for timber operations this analysis provides the USFS
with broad guidance and direction as to watersheds which are likely to maximize restoration

opportunities through timber harvest and prescribed burning.



NRV is presented here as a guide for the USFS to use in determining management actions for a
forest ecosystem. More specifically, if an ecosystem has an overabundance of late closed canopy
and a deficit of old growth open canopy, timber management techniques should emphasize
thinning in order to open the canopy, followed by allowing the forest to age toward old growth.
While these current management decisions will help push the forest toward an appropriate
successional stage, there is also a need for long-term management of these systems. A single
burn or thinning alone will likely not be enough to transition the structure of these systems

toward open canopy for the long-term.

While the major restoration need highlighted in this analysis was forest structure with a focus on
transitioning late closed forest condition toward old growth, there are concerns surrounding the
quality and quantity of early seral habitat. While early successional habitat does not have the
same deficit of forest compared to old growth, the quality, size, and configuration of this seral
class may not be meeting the needs of wildlife species. Additionally one should not lose sight of
other restoration needs in Nantahala and Pisgah. During the partner engagement meeting, many
stakeholders brought up concerns of invasive species and diseases affecting forest ecosystems,
with hemlock wooly adelgid clearly causing large-scale disturbance. This analysis does not
address the answers to these questions, but a dialogue amongst stakeholders and the USFS as to
what type of restoration is needed in Nantahala and Pisgah National Forests has been started. The
geospatial data from this analysis has been compiled, distributed and is available for public use
and provides opportunities for groups to evaluate and incorporate findings from this analysis into
their comments to the USFS.

Restoration needs are not static and neither should the tools be for evaluating restoration. While
NRV is currently the best available tool to approximate forest structure restoration needs these
models are fairly fire-centric. The NRV concept works best in capturing forest seral class
distribution in fire adapted communities. The results presented in the analysis are coarse
estimates of current forest conditions and restoration opportunities. To more fully restore forest
ecosystems, project implementation must incorporate current forest composition, and spatial

patterns such as stand and landscape scale.
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