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Executive Summary 
 

As development increases and human infrastructure fragments forested landscapes, 

urban forests are becoming increasingly common. For many decades, urban forests 

were overlooked as degraded ecosystems and treated as wastelands. More recently, 

urban forests have come to be recognized as new frontiers in urban ecology. Urban 

forests provide a number of benefits to people and the environment, including flood 

control, carbon absorption, reduced heating and cooling costs, and provision of 

recreational and educational opportunities. 

 

For this Master’s Project, we examined a unique 10.6-acre tract of urban forest in the 

city of Durham, North Carolina. This tract of forest is home to the future headquarters of 

the Forest History Society, a nonprofit based in Durham. The Forest History Society 

(FHS) serves as a library, archive, and publisher of forest and conservation history 

material. For many years, FHS has operated out of a small building in downtown 

Durham. The new headquarters building will fulfill several needs for FHS, the most 

important of which are space for archival materials, a large library and reading room for 

researchers and the public, and meeting spaces for programming and hosting events. 

The location and size of the site will also allow FHS to host more visitors and connect 

with a larger contingent of the Durham community. Over the course of one year, we 

worked with FHS in planning how best to use their new headquarters site. 

 

The objective of this project was to assess how FHS can best use the new 

headquarters site to achieve their educational and community engagement goals. Our 

analysis involved three components:  

1. Forest Inventory and Modeling: We inventoried the forest at the headquarters site 

and then modeled the temporal change of the forest over the next 100 years 

using the Forest Vegetation Simulator (FVS) software. We also assessed 

potential risks of damage from fire and hurricanes and produced management 

recommendations to combat these risks. 

2. Trail Feasibility Analysis: We assessed the feasibility of building an interpretive 

trail on the property. GIS software was used to create potential trail routes that 

took into account potential trailheads, interest points, slope, and elevation. For 

the qualitative component of the trail planning analysis, we conducted an in-

person survey of trail users in Durham. The survey questions assessed trail use 

habits and preferences in the community gauged levels of interest in the potential 

FHS trail. 

3. Community Outreach: We conducted approximately 30 semi-structured phone 

and in-person interviews with local community organizations to evaluate ways in 
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which FHS can engage with and become more visible in the Durham community. 

We also assessed the niches filled by other community organizations to identify 

potential roles that FHS can fill. 

 

Analysis of the three components of the project produced both quantitative and 

qualitative results. Results from the forest inventory and modeling showed that the 

mixed hardwood portion of the property will naturally transition to an oak-hickory forest 

over the next 25 years, while the pine forest portion of the property will naturally 

transition to a mixed pine-hardwood forest over the next 25 years. Additionally, our 

models showed that conducting an overstory selection harvest on the property will 

reduce risks from fire and hurricane damage. Findings from the trail users survey 

showed that most respondents would be interested in visiting an interpretive trail that 

provides information on North Carolina’s conservation history. Results also showed that 

the majority of trail users prefer to visit trails 5 miles or less from their homes, and that 

the majority of trail users find out about trails via word of mouth. Interviews of local 

community organizations showed that many organizations are in need of meeting space 

and are more interested in using the FHS headquarters for their own purposes rather 

than visiting for educational purposes. Many organizations also highlighted the need for 

opportunities for youth involvement in the Durham community. 

 

Results from the forest modeling, trail planning, and community outreach analyses were 

used to formulate recommendations for the use of the new headquarters site. Several of 

the key conclusions and recommendations are: 

● To manage the risks from fire and hurricane damage on the property, practice 

continued management of the forest by selectively thinning all overstory pines, 

red maple, yellow poplar, and sweetgum between the sizes of 6” to 22” in 

Diameter at Breast Height (DBH) on the property. Additional management may 

be needed 3-5 years after the thinning to control for pine seedling proliferation, 

which left untreated, may increase tree competition-based mortality at the site. 

● To execute the selection harvest, partner with the Duke Forest staff for 

assistance with efficient logging and management.   

● Use forest management at the site as a teaching opportunity in regards to 

forestry practices, especially in development of the interpretive trail. 

● If FHS decides not to implement official management activities on the property, 

there should still be single-tree removals of high risk trees and fallen trees to 

ensure the safety of visitors and to minimize the risk of damage from fire and 

hurricanes over time. 

● Determine the specific purpose of the interpretive trail. The size of the property 

will likely only allow for a trail length of about three quarters of a mile, potentially 

one mile at maximum. A short trail would be a good resource for educational 
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purposes, such as hosting school groups. However, if FHS wants to use the trail 

to attract a more general audience of walkers/hikers, then focus on connecting 

the trail to the larger Durham trail network (and potentially the nearby Al Buehler 

Trail). 

● Cut costs on trail building by partnering with a local Boy Scout Troop. Much of 

the trail construction could be completed via an Eagle Scout project. 

● Provide opportunities for youth involvement via internships, educational 

programs for school children, and incorporation of young adults in leadership 

roles such as on the Board of Directors. 

● Prioritize providing meeting space for community organizations over specific 

programming for community organizations. 

● Pursue local partnerships with a variety of community organizations (by co-

hosting events, for example). 
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Introduction  

As the human populations grows and development increases across the country, urban 

forests are becoming increasingly important. Urban forests, defined here as contiguous 

collections of trees within a town or city, provide a wide range of ecosystem services. 

These services include carbon absorption, air quality improvement, and flood control 

(Hastie, 2003). Urban forests also provide direct benefits to people by increasing property 

values, reducing heating and cooling costs, and providing recreational opportunities 

(Hastie, 2003). Additionally, urban forests are of cultural importance in cities that are 

otherwise treeless. As one group of forestry researchers state, “Research in a number of 

areas suggests that we have vastly underestimated the many ways that the urban forest 

touches the lives of urbanites, as well as the deep significance that many people attach 

to trees,” (Dwyer et al., 1992).  

 

The ecological status of urban forests varies widely. Compared to non-urban forests, 

urban forests usually contain high levels of exotic and invasive plant species and lower 

levels of native species (McDonnell & Pickett, 1990). In a study on socioeconomic drivers 

of plant diversity in the U.S., researchers found that urbanization “has resulted in entire 

landscapes that are now occupied by plant communities wholly created by humans, in 

which diversity may reflect social, economic, and cultural influences…” (Hope et al., 

2003). In addition, the habitat quality of urban forests often suffers due to lack of variability 

in vertical structure, degraded soils, and other impacts from human-caused disturbances 

(McDonnell & Pickett, 1990).  

 

For this project, we worked on a unique 10.6-acre patch of urban forest in the city of 

Durham, North Carolina. While we observed a high level of biological diversity at the study 

site, the site is clearly affected by the rapidly urbanizing environment in which it is situated. 

With a current population of about 255,000, the city of Durham is the fourth largest 

municipality in North Carolina (City of Durham, Demographics). From 2010 to 2016, the 

city’s population grew by about 20% (City of Durham, Demographics). This rate of 

population growth is expected to continue, and as the population of Durham and the 

surrounding region increases, this small patch of forest will become increasingly valuable. 

Ecologically, the site is home to a wide variety of tree and plant species which are 

reflective of a forest composition seen few other places within the city limits. For people, 

the site will provide the opportunity to connect to nature and learn more about the history 

of Piedmont forests.    

 

The Forest History Society (FHS) 

This project was completed in cooperation with the Forest History Society. The Forest 

History Society (FHS) is a 501(c)3 nonprofit based in Durham, North Carolina. The 
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organization serves as a library, archive, and publisher of forest and conservation 

history material. The primary goals of FHS are as follows: 

1. Preserve and enhance accessibility of forest, conservation, and environmental 

history. 

2. Encourage scholarship in forest, conservation, and environmental history. 

3. Sustain and create programs that enhance the knowledge of forest history for 

diverse publics. 

4. Market the Society’s programs, resources, and opportunities. 

5. Develop a financial base that will generate adequate support to carry out the 

mission. 

6. Maintain a strong, diverse and dynamic Board of Directors and  a competent staff 

to execute FHS Strategy 

 

FHS has existed as a free, public resource for over 70 years. For many of these years, 

FHS operated out of a small building in downtown Durham. Recently, the need for 

increased space and increased visibility in the community led FHS to seek funding for a 

new headquarters site. By 2017, FHS finished the funding campaign to raise $6.3 

million to purchase the new site and build a facility. FHS purchased a 10.6-acre tract of 

forested land from Duke University on which to construct the new headquarters. The 

site is located along Academy Road adjacent to 15/501 Business South (Figure 1). 

FHS Headquarters Site 

The new headquarters site (Figure 2) will be used to increase the visibility and 

accessibility of FHS within the local community. The building will incorporate a library 

that is open to the public, multipurpose conference rooms, and extensive archival 

storage areas (Figure 3). Reading areas and meeting spaces will be available for 

researchers and other visitors. Parking will be available onsite, which will encourage 

visitation. FHS also plans to use the new space to host speakers and other events for 

the general public. 

 

Aerial photography (see Figures 1-3 in Appendix A) shows that the site was forested in 

1940 (UNC Chapel Hill Library), which indicates that no forestry or agricultural practices 

were conducted on the property since that time. In addition to aerial photography, there 

are features present on the landscape, such as road ruts and gullies formed through 

historic vehicular traffic and runoff that may represent a history of farming or forestry. 
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Figure 1: Aerial view of 

the site shortly after 

construction in October 

of 2017. This photo was 

taken by a drone flying 

over the site and is 

oriented facing south. 

Part of Route 15/501 

can be seen at the edge 

of the forest, beyond 

which is an apartment 

complex. 

 

 

 

 

 
Figure 2: Aerial photo of the site with an architect’s rendering of the building overlaid. 

To the left of the building site is Academy Road. Durham-Chapel Hill Boulevard/15-501 

Business runs along the bottom of the photo. 
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Figure 3: Architect’s rendering of floor plan for the new FHS headquarters building 

 

Objectives 

FHS tasked us with enhancing their engagement with the community and assessing the 

urban forest that surrounds the new headquarters site. Little work had been done to 

address the FHS’s objectives for this project in the past. Sara Childs, Director of the 

Duke Forest, conducted an initial review of the site’s land use history, and we used 

Childs’ work as a starting point for our land use history and forest evaluation. 

 

Our overarching research question is: How can the Forest History Society best use their 

property to achieve their educational and community engagement goals? For a brief 

review of the organization’s goals, see Introduction: The Forest History Society. 

 



11 

To answer this question, we developed three specific objectives: 

 

1. Forest Modeling: Model the temporal change in the forest over the next 100 years 

using four different scenarios in Forest Vegetation Simulator (FVS) software. The 

scenarios of interest include selection harvests and hurricane disturbances. Examine 

the potential for the modeled selection harvest scenarios to reduce a) fuel loads and fire 

risk and b) risk of damage from a hurricane. 

 

2. Trail Feasibility Analysis: Assess the feasibility of building an interpretive trail on the 

property. Identify how the use of a trail system around the property can help achieve the 

educational and outreach goals of FHS. Demonstrate where this trail can be placed 

without causing significant erosion or other disturbances to the property. Implement a 

trail use survey on three Durham trails. Build upon the survey and research regarding 

existing community trails, nature centers, and science education sites to determine an 

appropriate niche for the FHS interpretive trail. Deliver recommendations on trail 

construction and interpretive material to FHS. 

 

3. Community Outreach: Conduct semi-structured interviews to assess options for 

community engagement. Evaluate how FHS can become more visible in the community, 

specifically how FHS can engage underprivileged communities in using the new 

headquarters site. Assess the niches filled by other community organizations to identify 

potential roles that FHS can play for the Durham community. 
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Urban Forest History and Utilization   

Introduction 

The Forest History Society (FHS) requested that a land use history assessment and 

forest inventory and projection be conducted on their newly acquired 10.6-acre property 

of land. We conducted a literature review to better understand the property and to 

develop an initial hypothesis regarding forest succession, fire risk, and hurricane 

damage that may be possible on the property. We also conducted a literature review of 

management activities that could meet the management objectives. The forest inventory 

data we collected on the property was used to model changes in the forest over a 100-

year period using Forest Vegetation Simulator (FVS) software. Four different modeling 

scenarios were created to determine the effects of management activities and hurricane 

disturbance events on the property. Results from these simulations were used to 

provide recommendations to FHS on how to manage the forest in the future. 

  

Property Description and Land Use History 

The property site is located between Academy Road and 15-501 Business South in 

Durham, NC. We extended our analysis to include a 2.2-acre parcel of land owned by 

Duke University that is adjacent to the property. We collected information on the land 

use history of the property through aerial photography, deed history, and by observing 

the geomorphic features of the land. Aerial photography, provided by the UNC Chapel 

Hill Library website, shows that the property has been forested since 1940 (see Figures 

1-3 in Appendix A). This led us to conclude that no recent agricultural or clear-cut 

logging practices were conducted on the property since that time. This corresponds with 

the tree core ages of four dominant loblolly pines on the property which were estimated 

to be between the ages of 85-90 years old. 

  

In addition to aerial photography, we were provided deed history information by Duke 

Forest (the previous property manager) that further explained the land use and 

management history of the site. The deed records showed that the parcel was sold to a 

Duke University agent in 1925 by a J. Thomas and Martha Horton. Then the parcel of 

land containing the study site was entered under Duke Forest management in 1935. 

Duke Forest records from 1931 state that most of the site was dominated by short-leaf 

pine except in the adjacent 2.2-acre parcel, which contained short-leaf pine and 

sweetgum. Records show that much of the forestland was beginning to transition to 

loblolly pine and hardwood species starting in the mid-1960s and through the 1970s. 

Management activities in the area include shortleaf pine thinning in 1937 and 1970 and 

then thinning in the adjacent wetland area in 1970 and 1974. Additionally, the only note 

of fire on the landscape was in 1931 in a 3-acre patch of shortleaf pine. Lastly, while 



13 

conducting site assessments, we observed possible road ruts and gullies on the 

property that may have formed through past vehicular traffic, such as tractors or logging 

equipment. The presence of these road ruts and gullies on the property seem to 

represent a history of farming and/or logging at the site. 

  

Forest Succession, Fire Risk, and Hurricane Damage Literature Review 

We analyzed literature on urban forest succession in the Piedmont of North Carolina in 

order to hypothesize how the FHS property might change through time. Through the 

process of forest succession, forest canopies generally transition from shade intolerant 

species, such as pines, into shade tolerant hardwood species over time (Keever, 1950; 

Bormann, 1956; Christenson and Peet, 1984). A common occurrence in the Piedmont is 

the process of old field succession, where an abandoned agricultural field creates an 

opportunity for shade intolerant species to dominate (Keever, 1950; Christenson and 

Peet, 1984). However, as the forest grows and the canopy begins to close, the pines 

can no longer regenerate in their own understory, thus allowing shade tolerant species 

to succeed (Borman, 1956). As a pine forest reaches an age of 70-100-years, the 

canopy pines begin to die allowing for hardwood regeneration, such as oak and hickory, 

to reach the canopy (Christenson and Peet, 1984). 

  

Micro-habitat characteristics may also have an influence on the succession of parts of 

the site. The majority of the site exists on White Store sandy loam soils which are 

moderately well-drained but are prone to erosion (National Cooperative Soil Survey, 

2006). The well-drained nature of these soils make the area more favorable to upland 

species such as short-leaf pine and oak species (National Cooperative Soil Survey, 

2006). The elevation change and slope on the property also change the moisture 

regimes of the landscape on the micro-level, with post-agriculture gullies creating moist 

depressions which contain mesic hardwood species such as red maple and beech. 

Though these landscape features create some amount of heterogeneity of species 

composition, none were significant enough to cause the forest to deviate from the 

typical Piedmont forest succession recorded in the literature.    

  

Based on the principles of forest succession, the property’s aging pine canopy (85 to 

90-year-old dominants), and the presence of advanced hardwood regeneration, we 

hypothesize that the site will slowly change from a pine dominated forest into a mixed 

pine-hardwood/ oak-hickory forest over the next 100 years. Additionally, we hypothesize 

that as the aging canopy pines begin to die, this will lead to the accumulation of large 

fuel loads on the property. The addition of excess fuel loads in a forest is generally 

indicative of higher forest fire risk. Thus, we expect that there will be an increased fire 

risk to the property over time (Rebain et al., 2010). Lastly, based on studies recording 

the effects of Hurricane Fran on forests in the surrounding area, we hypothesize that 
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parts of the property dominated by pine will experience more damage from hurricane 

events due to pines having higher stem mortality rates compared to hardwoods (Xia et 

al., 2008). 

  

Forest Management Literature Review  

In order to improve the forest conditions of the FHS property site, we explored different 

management options on the site. Before suggesting any management, we conducted a 

literature review on forest ecology, fire ecology, and forest response to hurricanes. We 

used this information and our knowledge of the property site to determine which forest 

management options would be most successful. The purpose of conducting 

management is threefold: to reduce the fire risk of the property, to reduce the hurricane 

damage risk to the property, and to generate forest conditions that may be of ecological 

and educational interest and value to FHS. 

  

The first benefit that management should accomplish is to reduce fuel loads and fire risk 

to the property. We believe that a majority of the overstory pine trees (85-90 years old) 

on the property will soon die, as loblolly pine has an average life expectancy of 100-

years (Loehle, 1988). As these trees begin to die they will accumulate excess fuels on 

the site increasing fire risk to the property (Rebain et al., 2010). Conversely, hardwood 

species of white oak and hickory, which are highly abundant on the site, have average 

life cycles of 300 and 200 years respectively, and so it could be expected that the 

younger hardwood regeneration will live a longer time then the present pine cohort 

(Loehle, 1988). In addition to this, hardwood forests may accumulate fuels at a slower 

rate than pine forests, which may reduce the fire risk to the property (Waldrop and 

Goodrick, 2012). For these reasons, we believe that an overstory pine selection harvest 

would be a successful way to reduce future tree mortality and fuel loads on the property.  

  

Another benefit of management is the reduction in the amount of damage that may be 

caused by a hurricane. According to data gathered before and after Hurricane Fran in 

1996, pine species have higher rates of stem mortality during hurricane events 

compared to many hardwood species (Xi et al, 2008a). This can create additional fuel 

loading on the property and can also cause potential damage to the surrounding site; 

therefore a selective removal of pine trees should decrease these risks. However, the 

hardwood canopy is more susceptible to higher rates of mortality in the years following 

hurricane events due to crown damage that causes mortality over time (Xi et al., 2008a; 

Busing et al., 2009). This delayed mortality has not been studied enough to determine if 

it would have significant ecological effects, but FHS should be aware of the higher risk 

of snags developing on the property over time after a hurricane event. Additionally, 

trees with larger diameters are more likely to be mortally damaged by a hurricane (Xi et 

al., 2008a; Busing et al., 2009; Xi et al., 2008b), so the removal of larger trees which 
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already have some defects would reduce the risk of damage as well. 

  

The last objective of management treatments is to promote beneficial ecological 

conditions. Due to the abundance of advanced oak-hickory regeneration on the site, we 

believe the regeneration of oak hickory species should be a management goal. The 

preference for oak and hickory species over pine, red maple, sweetgum, and yellow 

poplar is twofold. First, oak-hickory forests provide many benefits to wildlife through 

acorn production and habitat (Dickson, 2004). Second, the relative density, dominance, 

and frequency of oaks has been in decline in many parts of the Piedmont of North 

Carolina (Songlin et al., 2011). Similar trends have been seen in the Duke Forest where 

oaks have not been regenerating well in hardwood and pine forests (McDonald et al., 

2002). For these reasons, we believe that the development of an oak-hickory forest may 

be more beneficial for the FHS property site. 

  

Methods 

Forest Inventory 

We conducted a forest inventory to measure the forest on the FHS property, which was 

broken up into two forest stands based on species composition. The portion of the 

property furthest from the FHS headquarters site (Stand 2, 3.47 acres) was classified as 

a mixed pine-hardwood stand, while the portion of the site closest to the FHS 

headquarters site (Stand 3, 2.32 acres) was determined to be a mature loblolly/ 

shortleaf pine stand. In addition, we conducted an inventory on the forested property 

that was to be removed at the headquarters site (Stand 1, 2.82 acres). This information 

was captured in order to retain the species history of the site before the species were 

removed during construction. In addition to the three areas described, we conducted an 

inventory on a connected nearby wetland patch (Stand 4, 2.15 acres) owned by Duke 

University. This area was inventoried to see if the parcel would affect the species 

composition of the FHS property through seed dispersal and to see if this land could be 

utilized in the trail analysis. See Figure 4 in Appendix A showing distribution of 

these stands on the property. 

  

To carry out the forest inventory, we used a fixed-radius plot sampling system to 

inventory approximately 20% of the total forested land, which is twice the standard 

cruise percent for a forest inventory (Henning and Mercker, 2009). As per instructions in 

the USFS Timber Cruising Handbook, we stratified the plots randomly by forest cover 

type (see Figure 4 in Appendix A for map with sampling points) through the software 

SilviaTerra Plot Hound (Strimbu, 2014). We used tenth acre plots to record overstory 

trees (Henning & Mercker, 2009), which are defined as every pine and hardwood tree 

above six inches at diameter-at-breast height (DBH). We recorded total height, crown 
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ratio, DBH, and species (USFS, 2016). Additionally, we used hundredth acre nested 

plots to record species of understory vegetation between 0.1 to 6 inches DBH (USFS, 

2016). Lastly, we determined the site index for the forest by tree coring four dominate 

sample loblolly pines on the property. Between the four trees, we found dominant tree 

ages of 85-90 years old. With this information, the Forest Vegetation Simulator was able 

to better assess the growth rate of tree species on the property (Carmean et al., 1989). 

  

Forest Modeling (FVS) 

We input our collected forest inventory data in the Forest Vegetation Simulator (FVS) to 

project the change of urban forest composition and growth over time. We determined 

the input parameters for the model according to the Southern Variant for the FVS 

Manual (USFS, 2016) with the ecoregion code being determined by the Ecoregion 

Codes for North Carolina (Griffith et al., 2002). For this analysis, the model scenarios 

that included management options were only conducted on Stands 2 and 3 due to the 

fact that FHS owned these portions of the property and they were not within the 

construction zone. 

  

Model Scenarios 

For Stand 1 (construction zone), we only modeled the inventory conditions for year 

2017 because this stand was within the building footprint. For Stand 4 (Duke University 

property) we only modelled the no management-no hurricane scenario to see how this 

piece of land next to the property may naturally change through time without natural 

disturbance. For Stands 2 and 3 we modelled four scenarios: a no management-no 

hurricane scenario, a no management-hurricane scenario, a selection harvest-no 

hurricane scenario, and a selection harvest-hurricane scenario. We projected each 

scenario 100 years into the future to compare how the forest composition type, volume, 

basal area, tree mortality, and fuel loading/ fire potential might change through time for 

each model. Hurricane events were modeled at approximately 50-year return intervals 

starting the year after Hurricane Fran, which occurred in 1996.The timing of these 

hurricanes was based on a 50-year return interval of category 3 or higher hurricanes in 

the Piedmont region of North Carolina (Xia et al., 2008a; NOAA, 2017). Therefore, 

within the modeling period, hurricane events were simulated in years 2047 and 2097. 

See Appendix B for list of stand outputs for all modeled scenarios. 

  

Selection Harvest Rationale 

The purpose of conducting management on the FHS property site is threefold: to reduce 

fire risk for the property, to reduce hurricane damage risk for the property, and to 

generate forest conditions that may be of ecological and educational interest and value 

to FHS. In addition to achieving these goals, we aimed to develop realistic management 

scenarios so that FHS (a non-profit) could actually implement the suggested course of 
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action. This meant simple operations, such as thinnings, so that management is 

logistically feasible and there is little to no cost for implementation. In addition, FHS 

wanted management that would be easy to explain to the public for educational 

purposes. 

  

Due to the age of the overstory pines and the abundance of hardwood regeneration, we 

chose to model management that selectively thinned the overstory pines on the 

property. By conducting this management, we believe that future tree mortality, fire risk, 

and hurricane damage will be reduced on the property, while favoring the regeneration 

of oak-hickory species. In addition to removing the overstory pines, we also wanted to 

model the selective removal of red maple, sweetgum, and yellow poplar in the 

hardwood portion of the property (Stand 2) in order to further favor the regeneration of 

oak-hickory species. Lastly, we chose to chemically treat pine seedling regeneration 5 

years after the selection harvest in order to favor the success of oak hickory seedling 

survival. 

  

Model Scenario Parameters 

For the no-management-no hurricane scenario we ran the model with no management 

or hurricane events over the 100-year period. 

  

In the selection harvest-no hurricane scenario we conducted a thinning operation during 

year 2018 in Stand 2 (mixed pine-hardwood stand) to remove all loblolly pine, 

sweetgum, yellow poplar, and red maple between 6 to 22 inches in diameter. In 

addition, we conducted a thinning operation during year 2018 in Stand 3 (mature loblolly 

pine stand) to remove all loblolly and shortleaf pine between 6 to 22 inches in diameter. 

In year 2022 we treated all seedling regeneration of loblolly pine and shortleaf pine with 

herbicide to favor hardwood species survival in both Stands 2 and 3. 

  

For the no management-hurricane scenario we ran the model with no management for 

the 100-year period with the addition of hurricane events at years 2047 and 2097. To 

simulate a hurricane event and the damage it might cause in the forest on the property, 

differing values in percent stem mortality were applied according to two diameter 

classes (4-10 inches and greater than 10 inches) across Stands 2 and 3 as described in 

Xia et al., 2008a. In Stand 2, 4.5% stem mortality was applied to the 4 to 10-inch 

diameter class and 6% mortality was applied in the >10 inches class. In Stand 3, 16% 

stem mortality was applied to the 4-10 inches diameter class while 22% mortality was 

applied to the >10 inches class. 

  

These mortalities were applied with the “mortality modifier” function within the FVS 

model. This function allows the default annual mortality rate generated in the model, 
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which is based on density-dependent or independent conditions, to be modified in value 

and in the way in which it is distributed to trees across the stand (USFS, 2016). 

Because a major hurricane is a significant, discrete event in a forest ecosystem, the 

mortality rates observed after Hurricane Fran were used to replace the model mortality 

rates at the beginning of the modeling period. Additionally, due to the strong evidence in 

literature of progressively larger trees being mortally damaged by hurricanes, in the >10 

inches diameter class the mortality rate was skewed to be distributed more heavily to 

trees of larger diameter (Xia et al., 2008a). However, when the heightened mortality is 

applied to the stand, the trees became standing dead trees, or snags, which proceed to 

decay and fall to the forest floor over 5-15 years after the mortality event. This process 

is not completely reflective of the direct damage a hurricane has on a forest, but the 

limitations of this part of the modeling will be discussed in greater detail in the limitations 

section below. 

  

Lastly, for the selection harvest-hurricane scenario we ran the same management 

options in Stands 2 and 3 as described in the selection harvest-no hurricane scenario, 

but we also modeled the hurricane events with the previously described percent stem 

mortality values and distributions at years 2047 and 2097. 

  

Qualitative Data Collection 

We conducted a supplemental ecological survey to capture any qualitative information 

that may be of interest to FHS. To conduct this survey, we paced the entirety of the 

property site boundary by foot to capture any qualitative data overlooked during the 

forest inventory. Using GPS Trimble units, we captured data on non-woody vegetation, 

invasive species, wildlife activity, historical information, soil types, slope, moisture 

regime, and any other notable features. Additionally, this survey allowed us to map out 

our points of interest for our trail analysis (see more in Trail Planning section). 

Results 

No Management-No Hurricane scenario Results (Stands 1, 2, 3, 4) 

Stand 1 

 In 2017, Stand 1 is categorized as a loblolly pine stand with shortleaf pine as the 

dominant volume species (species with the largest percentage of merchantable 

volume). The top tree height in this stand is 87 ft with the quadratic mean diameter 

(QMD) of the stand at 4.3 in. Because this area was cleared for construction in 2017, 

the stand was not projected out any further than 2017. The amount of merchantable 

volume removed from the construction site was 1916 cu ft/acre (or 5402 cu ft for the 

entire site). A summary of these findings can be seen in Table Y of Appendix B.    
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Stand 2 

 In 2017, Stand 2 is categorized as a sweetgum/ yellow-poplar stand with sweetgum as 

the dominant volume species. Note that sweetgum remains the volume dominant 

species in this stand for the entire 100-year projection. In 2017, the stand has a top tree 

height of 97 ft, a QMD of 4.1 in, and a mortality rate of 12 cu ft/ acre. In year 2022, the 

stand remains a sweetgum/ yellow poplar stand and has a top tree height of 99 ft, a 

QMD of 4.5 in, and a mortality rate of 20 cu ft/acre. By year 2042, the stand transitions 

from a sweetgum/ yellow-poplar stand into an oak-hickory stand and has a top tree 

height of 104 ft, a QMD of 6.4 in, and a mortality rate of 31 cu ft/acre. For the rest of the 

years in this projection, the stand remains classified as an oak-hickory forest. It is 

interesting to note that by the year 2092, the mortality greatly increases, with a mortality 

rate of 58 cu ft/acre. The size class and mortality of the stand continues to increase until 

the end of the projection. A complete summary of forest composition change in 

Stand 2 can be seen in Table 1-a of Appendix B for this scenario. 

  

For the results of the fire risk and severity analysis, we reported fire damage during 

severe and moderate fire risk conditions as well as total fuel loads. The parameters for 

what constitutes as severe and moderate fire risk conditions are shown in Table 

X of Appendix B. Additionally, it should be noted that the fire severity model predicts 

what the expected flame length, mortality of tree volume, and percent basal area 

mortality would be if a fire were to break out during moderate and severe weather 

conditions. According to the FVS fire and fuels extension manual, flame length 

represents fire intensity, fuel loads represents fire hazard and risk, and percent basal 

area and volume mortality represents the number of trees lost during a fire (Rebain et 

al., 2010).  

 

In Stand 2, the flame length increases in the first 25 years and then stabilizes during 

both moderate and severe fire conditions. The percent basal area (BA) mortality 

increases in the first 25 years then decreases over time for the rest of the cycle during 

both severe and moderate fire conditions. Lastly, the fuel loads and volume mortality 

during both severe and moderate fire conditions both steadily increase through time for 

the entire 100-year projection. Table 2-a in Appendix B shows a summary of fuel 

loads and fire severity change for Stand 2 during both severe and moderate 

conditions for this scenario. 

  

Stand 3 

In 2017, Stand 3 is categorized as a loblolly pine stand with loblolly pine as the 

dominant volume species. Note that loblolly pine remains the volume dominant species 

in this stand for the entire 100-year projection. In 2017, the stand has a top tree height 

of 87 ft, a QMD of 4.2 in, and a mortality rate of 2 cu ft/ acre. In year 2022, the stand is 
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still categorized as a loblolly pine stand and has a top tree height of 91 ft, a QMD of 4.6 

in, and a mortality rate of 2 cu ft/acre. By year 2042, the stand transitions from a loblolly 

pine stand into a loblolly pine/ hardwood stand and has a top tree height of 100 ft, a 

QMD of 6.4 in, and a mortality rate of 9 cu ft/acre. For the rest of the years in this 

projection, the stand remains classified as a loblolly pine/hardwood forest. Similarly to 

Stand 2, the mortality greatly increases by the year 2092, with a mortality rate of 61 cu 

ft/acre. Lastly, the size classes and mortality of the stand continues to increase until the 

end of the projection. A complete summary of forest composition change in Stand 

3 can be seen in Table 3-a of Appendix B for this scenario. 

  

Stand 3 shows a similar trend in fire risk and severity that is seen in Stand 2. The flame 

length increases in the first 75 years then stabilizes during both severe and moderate 

fire conditions. The percent BA mortality increases in the first 25 years and then 

decreases over time during both severe and moderate fire conditions. Lastly, the fuel 

loads and volume mortality during both severe and moderate fire conditions both 

steadily increase through time for the entire 100-year projection. Table 4-a in Appendix 

B shows a full summary of fuel loads and fire severity change for Stand 3 during 

both severe and moderate conditions for this scenario. 

  

Stand 4 

In 2017, Stand 4 is categorized as a sweetgum/yellow-poplar stand with sweetgum as 

the dominant volume species. Note that sweetgum remains the volume dominant 

species in this stand for the entire 100-year projection. In 2017, the stand has a top tree 

height of 88 ft, a QMD of 3.2 in, and a mortality rate of 2 cu ft/acre in 2017. In year 

2022, the stand is still categorized as a sweetgum/ yellow-poplar stand and has a top 

tree height of 91 ft, a QMD of 3.6 in, and a mortality rate of 13 cu ft/acre. By year 2042, 

the stand transitions from a sweetgum/yellow poplar stand into an oak-hickory stand 

and has a top tree height of 98 ft, a QMD of 5.3 in, and a mortality rate of 24 cu ft/acre. 

For the rest of the years in this projection, the stand remains classified as oak-hickory 

forest. Similarly to Stands 2 and 3, the mortality greatly increase by the year 2092, with 

a mortality rate of 38 cu ft/acre. Lastly, the size classes and mortality of the stand 

continues to increase until the end of the projection. A summary of forest 

composition change in Stand 4 can be seen in table 5-a of Appendix B for this 

scenario. 

  

Stand 4 shows a similar trend in fire risk and severity as Stands 2 and 3. The flame 

length increases in the first 50 years then stabilizes during both severe and moderate 

fire conditions. The percent BA mortality increases in the first 25 years then decreases 

over time during both severe and moderate fire conditions. Lastly, the fuel loads and 

volume mortality during both severe and moderate fire conditions both steadily increase 
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through time for the entire 100-year projection. Table 6-a in Appendix B shows a full 

summary of fuel loads and fire severity change for Stand 4 during both severe 

and moderate conditions for this scenario. Note that Stand 4 is not projected in the 

selection harvest scenarios as this site is not owned by FHS. This information will 

therefore not be compared to the management scenario in the discussion.     

  

Selection Harvest: No Hurricane scenario Results (Stands 2 and 3) 

Stand 2 

The 2017 inventory conditions for Stand 2 are the same as the inventory conditions for 

Stand 2 in the no management-no hurricane scenario. However, after the modeled 

overstory selection harvest in 2018, we had different results for the rest of the years 

projected. Differences in value from the no management-no hurricane scenario are 

listed in parenthesis with either a plus or a minus sign representing how much the value 

has changed. 

  

By year 2022, the stand transitions from a sweetgum/yellow-poplar stand into an oak-

hickory forest with white oak as the volume dominant. In addition, in year 2022, the top 

tree height is 70 ft (-29), the QMD is 1.3 in (-3.2), and the mortality rate is 27 cu ft/acre 

(+7). Stand 2 remains as an oak-hickory forest type, with white oak as the volume 

dominant, for the rest of the 100-year projection. As with the no-management scenario, 

the mortality greatly increases by the year 2092, with a mortality rate of 60 cu ft/acre 

(+2). Lastly, in year 2117 the projection ends with a top tree height of 105 ft (-4), a QMD 

of 13 in (-0.3), and a mortality rate of 64 cu ft/acre (+4). A summary of forest 

composition change in Stand 2 can be seen in Table 1-b of Appendix B for this 

scenario. 

  

In Stand 2, the fuel loads are lower than the no management from year 0 to year 80. 

The flame length is higher than the no management in the first 5 years but then 

decreases or has no change from the years 25 to 80 during both moderate and severe 

fire conditions. The volume mortality is lower than the no management from years 0 to 

30 during both severe and moderate fire conditions. The volume mortality then becomes 

larger than the no management scenario for the rest of the projection during both 

moderate and severe fire conditions. Lastly, the percent basal area mortality is larger 

than the no management scenario for the entire projection during both severe and 

moderate fire conditions. Table 2-b in Appendix B shows a full summary of fuel 

loads and fire severity change for Stand 2 during both severe and moderate 

conditions for this scenario. 

  

Stand 3 

 The 2017 inventory conditions for Stand 3 are the same as the inventory conditions for 
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Stand 3 in the no management-no hurricane scenario. In 2022, the stand transitions 

from a loblolly pine stand into a loblolly pine/hardwood forest with sweetgum as the 

volume dominant. Also, in year 2022, the top tree height is 67 ft (-24), the QMD is 1.1 in 

(-3.5), and the mortality rate is 8 cu ft/acre (+6). By the year 2042, the stand transitions 

from a loblolly pine/hardwood stand into an oak-hickory forest with sweetgum as the 

volume dominant. The stand remains as an oak-hickory forest type for the rest of the 

100-year projection. By year 2067, white oak takes over as the volume dominant, the 

top tree height is 95 ft (-12), the QMD is 7.6 in (-0.5), and the mortality rate is 11 cu 

ft/acre (-4). As with the no-management scenario, the mortality rate greatly increases by 

the year 2092, with a top tree height of 102 ft (-8), a QMD of 9.7 in (-0.4), and a 

mortality rate of 59 cu ft/acre (-2). Lastly, in year 2117, the projection ends with a top 

tree height of 107 ft (-4), a QMD of 12.3 in (+0.1), and a mortality rate of 68 cu ft/acre 

(+1). A full summary of forest composition change in Stand 3 can be seen in Table 

3-b of Appendix B for this scenario. 

  

In Stand 3, the fuel loads are lower than the no management for the entire 100-year 

cycle. The flame length is higher than the no management in the first 5 years but then 

decreases or has no change from the year 25 to year 100 during moderate fire 

conditions. During severe fire conditions, the flame length increases for the first 30 

years but then decreases or has no change from the year 50 to year 100. The volume 

mortality is lower than the no management from years 0-50, and 80-100 during both 

severe and moderate fire conditions. Lastly, the percent basal area mortality is larger 

than the no management scenario for the entire projection during both severe and 

moderate fire conditions. Table 4-b in Appendix B shows a full summary of fuel 

loads and fire severity change for Stand 3 during both severe and moderate 

conditions for this scenario.   

  

No Management- Hurricane scenario Results (Stands 2 and 3) 

Stand 2  

In 2017, the stand’s forest type is categorized to be sweetgum/ yellow-poplar, with TPA 

of 1022, BA of 92 and QMD of 4.1 in. The top tree height in the stand is 97 ft, and 3061 

cu ft/acre of merchantable timber, with an annual mortality rate of 12 cu ft/acre. The 

TPA dominant species is white oak at 31%, and the volume dominant species is 

Sweetgum at 41%. By the beginning of year 2047, the time period within which the first 

hurricane event occurred, the forest type had changed to oak-hickory and stayed 

categorized as such throughout the entirety of the scenario, though sweetgum is the 

volume dominant at 37% and white oak is the TPA dominant at 30%. TPA decreased to 

656, but BA increased dramatically to 167 sq ft/acre and has a QMD of 6.8 inches. Top 

tree height is 104 ft and the merchantable timber in the stand is about 4665 cu ft/acre.  

  



23 

The first hurricane event increased the annual mortality rate for the year to 190 cu 

ft/acre (which scales up to 656 cu ft total damage in the stand), with sweetgum 

representing 46% of the overall volume of the mortality. After the hurricane event, by the 

beginning of the next modeling period in 2052, the stand lost 7% of TPA, 6% of BA, and 

13% merchantable volume. Additionally, the annual mortality rate decreased to 8 cu 

ft/acre. However, top tree height in the stand and QMD was not greatly affected by the 

hurricane event, and though the greatest proportion of the mortality was sweetgum, by 

2052, sweetgum still represented 44% of the volume in the stand overall.  

 

For the next 50 years, the forest continues to grow, with TPA decreasing and BA, QMD, 

and mortality rate increasing, to year 2097 when the second hurricane event was 

modeled. The stand’s TPA is 303, with a BA of 192 sq. ft/acre and QMD of 10.8 in. The 

top height is 107 ft, and the merchantable volume is 6481 cu ft/acre. The TPA dominant 

in the stand is white oak at 26% and sweetgum is still the volume dominant at 32%. The 

second hurricane event increased the annual mortality rate to 235 cu ft/acre (which is 

815 cu ft across the stand), with sweetgum representing 40% of that volume. By the 

beginning of the next modeling period in 2052, the stand lost 5% TPA, 9% BA, and 

11.5% merchantable volume. The stand’s annual mortality rate decreased to 21 cu 

ft/acre and sweetgum is still the volume dominant at 30%.  

 

The model scenario ends in 2117, with the TPA at 251, the BA grown back to 192 cu 

ft/acre and the QMD at 11.9 inches. The top height is 105 ft and the merchantable 

volume has recovered to 6622 cu ft/acre. The annual mortality rate has risen to 59 cu 

ft/acre, and the TPA dominant remains to be white oak at 25% while sweetgum is the 

volume dominant at 28%. But it should be noted that by this point in the model white 

oak represents 21% of the volume in the stand.  A full summary of results for forest 

composition can be seen in Table 1-c in Appendix B. 

 

In terms of fire risk in the stand, flame length during severe and moderate fire conditions 

is variable until 2042 when it stays stable but slowly increases until the end of the 

modeling period when it decreases slightly. Percent BA mortality follows a similar trend 

during severe and moderate fire conditions. Mortality in merchantable cu ft increases 

steadily throughout the modeling scenario, as does surface fuels and total dead/live 

fuels. The presence of hurricane events did not affect most of the fire risk indicators or 

their trends. Full results of fire modeling for this scenario in Stand 2 can be seen in 

Table 2-c in Appendix B.    

  

Stand 3  

The model begins in 2017, with the stand categorized as a loblolly pine forest cover 

type. The stand’s TPA at 704, BA is 68 sq ft/acre, and QMD is 4.2 in. The top height is 
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87 ft, and merchantable volume is 2070 cu ft/acre. The annual mortality rate is low at 2 

cu ft/acre, and the TPA dominant species is hickory spp. at 17% while loblolly pine is 

the volume dominant at 41%. The forest grows without interference until 2047 when the 

first hurricane event will occur. Before the hurricane event, the stand’s TPA is 610, BA is 

154 sq ft/acre, and QMD is 6.8. The top height is 102 ft with merchantable volume of 

4148 cu ft/acre. The dominant TPA species is hickory at 16% and the volume dominant 

is loblolly pine at 40%. The stand has also changed forest type to be considered a 

loblolly pine/ hardwood stand.  

 

The first hurricane event increased the annual mortality rate to 370 cu ft/acre (which 

scales to 858 cu ft in the stand), with loblolly pine making up 57% of that volume. The 

stand lost 10% TPA, 23% BA, and 37% merchantable volume by the beginning of 2052. 

Hickory remained the dominant species in TPA, but shortleaf pine had become the new 

volume dominant species at 31%, though this would quickly change back to loblolly pine 

by the next modeling period.  

 

Over the next 50 years, the forest grew transitioned into an oak-hickory forest type by 

2067. The second hurricane event took place in 2097, by which time the TPA of the 

stand is 362, BA is 192 sq. ft/acre, and QMD is 9.9 in. Top tree height is 106 ft, and 

merchantable timber is at its highest at 6172 cu ft/acre. White oak had become the 

dominant species in TPA at 15%, and loblolly pine is still the volume dominant species, 

though it is only at 20%. The second hurricane increased the annual mortality rate to 

147 cu ft/acre (which scales to 351 cu ft of mortality in the stand). The stand lost 15% 

TPA, 4% BA, and 4% merchantable volume due to the hurricane by the beginning of 

2102. The species which lost the most volume was loblolly pine at 38%.  

 

By the end of the simulation in 2117, the stand’s TPA is 279, the BA has grown to 192 

sq ft/acre, and the QMD is 11.2 in. The top height is 105 ft, and the merchantable 

volume is at its largest over the course of the simulation at 6541 cu ft/acre. White oak 

continues to be the TPA dominant species (14%) and shortleaf pine has become the 

volume dominant species making up 18% of the merchantable volume in the forest. Full 

results for Stand 3 composition can be seen in Table 3-c in Appendix B. 

 

For the results of fire risk indicators in the stand, the different variables for fire severity 

and fire risk follow similar trends as stand 2 until the year 2057 which is 10 years after 

the first hurricane event. During this modeling period, flame length increased by 17% 

(severe) and 35% (moderate) from year 2052, and mortality of merchantable volume 

increased 27% (severe) and 26% (moderate). Also notably, though the total fuel load 

actually decreased from 124 to 123 tons/acre in the years 2052 and 2057, yet the 

surface fuels in the stand dramatically increased from 23.9 tons/acre to 41 tons/acre. 
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These surface fuels do breakdown in 10 years to 33 tons/acre, and then they start 

accumulating more slowly for the rest of the modeling period. These sharp changes in 

fire risk and severity were not seen with the second hurricane event in 2097. Full 

results for fire modeling for Stand 3 in this scenario can be seen in Table 4-c in 

Appendix B.  

 

Selection Harvest- Hurricane scenario Results (Stands 2 and 3) 

The inventory data at the start of the modeling scenario sets in 2017 is the same as the 

no management-hurricane scenario. Differences in value from the no management- 

hurricane scenario are listed in parenthesis with either a plus or a minus sign 

representing how much the value has changed between the two models.  

 

Stand 2  

After the selection harvest in 2018, by the beginning of 2022, the stand’s forest type 

shifted from sweetgum/ yellow-poplar to oak-hickory forest which persists through the 

rest of the model, with a TPA of 6002 (+5031), due to the manual planting of loblolly and 

shortleaf pine seedlings to simulate natural recruitment in gaps created from harvest, 

BA of 56 cu ft/acre (-51) and QMD of 1.3 in (-3.2). The top tree height in the stand is 70 

ft (-29), and 1484 cu ft/acre (-1888) of merchantable timber, with an annual mortality 

rate of 27 cu ft/acre (7). The TPA dominant species is loblolly pine at 42%, and the 

volume dominant species is white oak at 30%, and white oak remains to be the volume 

dominant species throughout the rest of the modeling simulation. By the beginning of 

year 2047, the stand’s TPA decreased to 582 (-52), BA increased to 115 sq ft/acre (-52) 

and has a QMD of 6 in (-0.8). The top height in the stand is 86 ft (-18) and the 

merchantable timber in the stand is about 2627 cu ft/acre (-2038).  

  

The first hurricane event increased the annual mortality rate for the year to 105 cu 

ft/acre (which scales up to 364 cu ft (-292) total damage in the stand), with water oak 

representing 68% of the overall volume of the mortality. After the hurricane event, by the 

beginning of the next modeling period in 2052, the stand lost 4% of TPA (-3%), 0.8% of 

BA (-5.2%), and 7% merchantable volume (-6%). Additionally, the annual mortality rate 

decreased to 3 cu ft/acre (-5).  

 

For the next 50 years, the forest continues to grow, with TPA decreasing and BA, QMD, 

and mortality rate increasing, to year 2097 when the second hurricane event was 

modeled. The stand’s TPA is 348 (45), with a BA of 192 sq. ft/acre and QMD of 10.1 in 

(-0.7). The top height is 106 ft (-1), and the merchantable volume is 6109 cu ft/acre (-

372). The second hurricane event increased the annual mortality rate to 305 cu ft/acre 

(which is 1058 cu ft (+707) across the stand), with sweetgum representing 40% of that 

volume. By the beginning of the next modeling period in 2052, the stand lost 5% (-10%) 
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TPA, 9% (+5%) BA, and 11.5% (+7.5%) merchantable volume. The stand’s annual 

mortality rate decreased to 21 cu ft/acre and sweetgum is still the volume dominant at 

30%.  

 

The model scenario ends in 2117, with the TPA at 251, the BA grown back to 192 cu 

ft/acre and the QMD at 11.9 in. The top height is 105 ft and the merchantable volume 

has recovered to 6622 cu ft/acre. The annual mortality rate has risen to 59 cu ft/acre, 

and the TPA dominant remains with white oak at 25% while sweetgum is the volume 

dominant at 28%. But it should be noted that by this point in the model white oak 

represents 21% of the volume in the stand. Full results for forest composition in this 

scenario for Stand 2 can be seen in Table 1-d in Appendix B.  

 

The fire severity and risk in the stand showed overall similar trends seen in the no 

management-hurricane scenario, but the with the exception of percent of BA mortality in 

the stand. Throughout the whole simulation, the percent of BA mortality was between 4-

11% higher in the management-hurricane scenario. Other indicator variables showed 

generally lower values, like flame length and fuel loads in the stand, but the mortality of 

merchantable volume in the stand started about 67% (severe) and 73% (moderate) 

lower in the management scenario until the year 2067 when the mortality amounts were 

roughly the same for both scenarios. By the end of the model in 2117, mortality of 

merchantable volume was about 24% (severe and moderate) higher in the management 

scenario than the no-management scenario. Both hurricane events did not have a 

significant impact on the overall trends of the fire characteristics in the stand. Full 

results of fire modeling can be seen in Table 2-d in Appendix B.  

 

 Stand 3  

After the selection harvest in 2018, by the beginning of 2022, the stand had been 

reclassified into loblolly pine/hardwood forest type. The stand TPA is 5657 (+4960), BA 

is 39 sq. ft/acre (-43), and QMD is 1.1 in (-3.5). The top height in the stand is 67 ft (-24), 

and merchantable volume is 859 cu ft/acre (-1546). The annual mortality rate is 8 cu 

ft/acre (6), and the TPA dominant species is loblolly pine (44%) while sweetgum is the 

volume dominant (27%). By 2047, the stand’s TPA is 508 (-102), BA is 98 sq. ft/acre (-

56), and QMD is 5.9 in (-0.9). The top height is 86 ft (-16) with merchantable volume of 

1967 cu ft/acre (-2181).The stand has also changed forest type to be considered an 

oak-hickory stand.  

 

The first hurricane event increased the annual mortality rate to 84 cu ft/acre (-286) 

(which scales to 195 cu ft (-663) in the stand), with loblolly pine representing 62% of that 

volume. The stand lost 4% TPA (-6%) and 2% merchantable volume (37%) by the 

beginning of 2052. However, because the stand accretion rate was higher than the 
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mortality rate, BA increased by 6% even after the hurricane event (-23%). Hickory 

remained the dominant species in TPA, but sweetgum had become the new volume 

dominant species with 23% merchantable volume in the stand. 

 

The second hurricane event took place in 2097, by which time the TPA of the stand is 

344 (-18), BA is 192 sq ft/acre, and QMD is 10.1 in (+0.2). Top height is 103 ft (-3), and 

merchantable timber 6003 (-169) cu ft/acre. White oak had become the dominant 

species in TPA at 16%, and white oak has become the dominant species by volume at 

23%. The second hurricane increased the annual mortality rate to 253 cu ft/acre (+106) 

(which scales to 587 cu ft (+246) of mortality in the stand). The stand lost 5% TPA (-

10%), 10% BA (+6%), and 13% (+9%) merchantable volume due to the hurricane by the 

beginning of 2102. The species which lost the most volume was white oak at 37%. 

 

By the end of the simulation in 2117, the stand’s TPA is 279, the BA has grown to back 

to 192 sq ft/acre, and the QMD is 11.2 in. The top height is 105 ft (+1), and the 

merchantable volume is at its largest over the course of the simulation at 6185 cu ft/acre 

(-356). White oak continues to be the TPA dominant species (16%) and red maple has 

become the volume dominant species making up 21% of the merchantable volume in 

the forest. Full results for forest composition in this scenario for Stand 2 can be 

seen in Table 3-d in Appendix B.  

 

For fire risk and severity in the stand, general trends in the variables and the effects of 

hurricanes changed between the no-management and management scenarios. Initially, 

both flame length (5-15%) and percent BA mortality (3-62%) were higher in the 

management scenario, but in the year 2057 on, showed either slightly lower or equal 

values to the no management scenario. For the variables of mortality of merchantable 

volume and fuel loads, they showed almost opposite trends. The modeling period began 

with about 47% lower mortality of merchantable volume and 33% lower overall fuels, but 

by 2067 merchantable mortality was 5% higher in the management scenario and it 

continued to remain higher through the end on the modeling with the exception of 2102. 

For fuel loading, the management scenario had lower amounts of fuels until the end of 

the modeling period where surface fuels and total fuels were only 3% higher than the 

no-management scenario. When looking at the effects of hurricane events, there was a 

25-30% increase in surface fuels 10 years after both hurricane events, but the increases 

in flame length were not seen and mortality of BA and merchantable volume did not 

increase as much as the no-management scenario. Full results of fire modeling for 

Stand 3 in this scenario can be seen in Table 4-d in Appendix B.  
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Discussion 

  

General Overview 

Stand 1 

Stand 1 was only modeled for the year 2017 as this area was the construction zone for 

the new FHS headquarter site. We wanted to inventory this area to capture the species 

composition and forest type before this information was lost. Further, we wanted FVS to 

estimate the amount of merchantable volume that was taken off of this portion of the 

property. The results show that the total amount of merchantable volume removed from 

the construction site was 1916 cu ft/acre (or 5402 cu ft for the entire site). In terms of 

composition, Stand 1 was categorized as a mature loblolly pine forest with a noticeable 

abundance of mature shortleaf pine in the overstory. In addition, the understory had a 

variety of hardwood regeneration, indicating the forest would likely have changed into a 

hardwood forest sometime in the future. 

  

Stand 4 

Stand 4 was modelled for only the no-management-no hurricane scenario. We could not 

model management scenarios on this portion of the property as Stand 4 is not owned by 

the FHS. We included this area in our analysis due to its proximity to the FHS site and 

because we wanted to see if the species composition and forest type was different from 

the other stands on the FHS property. In addition to this, we wanted to assess the fire 

risk of this land. 

  

In the no management-no hurricane scenario, Stand 4 was categorized as a sweetgum/ 

yellow poplar forest in the inventory year and had sweetgum as the volume dominant 

species over the entire 100-year cycle. This forest type categorization was identical to 

that of Stand 2. In addition to this similarity, the understory/ overstory species observed 

in Stand 4 were not different from the species in stands 1, 2, and 3. Based on the 

species composition and forest type of Stand 4, we do not believe that seed sources 

from Stand 4 will introduce new species onto the FHS property. 

  

In terms of forest composition trends, the size class distribution of Stand 4 slowly climbs 

from a QMD of 3.2 in and a top tree height of 88 ft in 2017 to a QMD of 9.4 in and a top 

tree height of 109 ft by the year 2117. Basal area, volume, and mortality see a similar 

trend in growth over this 100-year period. These trends make sense, as these 

categories tend to increase over time as a forest matures. The only category that 

decreases over time is trees per acre (TPA). This trend is a result of larger trees taking 

over the stand, thus leaving less room for smaller trees and seedling survival. Lastly, 

the stand naturally converts into an oak-hickory stand by the year 2042. Oak-hickory 
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forests can be potentially more valuable than sweetgum/ yellow poplar forests as oak 

forests can provide various wildlife benefits (Dickson, 2004) and have been in decline in 

recent decades in the Piedmont (Songlin et al., 2011). 

  

In terms of fire risk, the flame length increases from the year 2022 to 2042 during both 

severe and moderate fire conditions. The flame length then levels off at a height of 

around 4.4 ft for the remainder of the 100-year cycle. Additionally, Stand 4 has the 

highest % basal area mortality in year 2042 during both moderate and severe fire 

conditions (33% and 38% respectively). The % basal area mortality then begins to 

steadily decrease over the 100-year cycle ending with a basal area mortality of 21% in 

year 2117 during both moderate and severe fire conditions. This decrease in % basal 

area mortality is the result of the average tree size class of the forest increasing through 

time. As the abundance of trees in the forest become large enough to survive fires, 

there is less basal area that is lost during a fire event. Lastly, the volume mortality 

during both severe and moderate fire conditions as well as the fuel loads steadily 

increase through the 100-year period. This makes sense, as the overall volume and 

mortality rate of the forest increases through time, it follows a larger volume of tree 

mortality will occur thus leading to larger amounts of fuels through time. 

  

Stands 2 and 3 

Stands 2 and 3 were modeled for all four scenarios: no management-no hurricane, 

selection harvest-no hurricane, no management-hurricane, and selection harvest-

hurricane. In two of the scenarios, we modelled an overstory selection harvest to see if 

fire risk and hurricane damage risk could be reduced. In addition to this, we wanted to 

see if we could shift the forest type in both stands 2 and 3 to an oak-hickory forest in 

order to create a more valuable and educational property for the FHS. In the next part of 

the discussion, we will interpret the results from stands 2 and 3 and see if the 

management scenarios achieved the goals stated above. For consistency, the no-

management-no hurricane scenario will be compared to the selection harvest-no 

hurricane scenario while the no-management-hurricane scenario will be compared to 

the selection harvest-hurricane scenario. We will then make recommendations on 

whether or not an overstory selection harvest should be conducted in stands 2 and 3. 

  

Comparing No Management-No Hurricane scenario to Selection Harvest-No 

Hurricane scenario (stands 2 and 3) 

Stand 2 - Impacts of Selection Harvest under no hurricane disturbance 

All the values reported (increases/ decreases) are made in comparison to the no 

management-no hurricane scenario values. In 2022, Stand 2 transitions from a 

sweetgum/ yellow poplar forest to an oak-hickory forest, which is 20 years earlier than in 

the no-management scenario. Additionally, in the year 2022, the tree class size is lower 
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than the no management scenario with a decline in top tree height by 29 ft and a drop in 

QMD by 3.2 in. Total volume and basal area are also reduced in this year by 1888 cu ft/ 

acre and 51 respectively. The most noticeable trend is an increase in TPA by 5031, 

which is caused by an increase in pine seedlings that form after the thinning operation. 

Due to this increase in seedlings competition, the mortality also increases by 7 cu ft/ 

acre. By the year 2042, we start to notice the results of our management, as the TPA 

and mortality are lowered by 120 and 27 cu ft/ acre respectively. In the years 2047 and 

2067, the mortality is 26 cu ft/acre less than the no-management scenario, showing the 

prolonged success of the selection harvest. However, by the year 2092, the benefits 

from the thinning disappears, as the mortality climbs to 2 cu ft/ acre higher than the no 

management scenario. Also, by this time, the TPA, volume, and tree size class 

estimates all start to approach the values found in the no management scenario. 

  

In terms of fire risk, the fuel loads are successfully lowered in the year 2022 by 33 tons/ 

acre when compared to the no management scenario. In addition to this, the volume-

based mortality decreases by 346 cu ft/acre during severe fire conditions and by 353 cu 

ft/ acre during moderate fire conditions. In contrast, the flame length of a potential fire 

increases in 2022 by 2.6 ft during severe fire conditions and 1.4 ft during moderate fire 

conditions. This increase in flame length is likely caused by the increase in logging 

slash caused by the thinning in 2018. Likewise, basal area mortality increases by 11% 

during severe fire conditions and 7% during moderate fire conditions. This increase in 

fire caused basal area mortality is likely a result of lowering the tree size class of the 

forest where smaller, more fire susceptible trees, are more dominant. Thus, if a fire 

were to break out on the property, more basal area mortality would occur as a result of 

the smaller sized trees perishing in the fire. 

  

By the year 2042, the fire risk benefits from the thinning are more noticeable. There is a 

reduction in fuels by 33 tons/ acre and a reduction in volume mortality by 299 cu ft/ acre 

during severe fire conditions and 295 cu ft/ acre during moderate fire conditions. 

Additionally, the flame length also decreases by 0.2 ft during severe fire conditions and 

0.5 ft during moderate fire conditions, indicating less fire intensity. However, the basal 

area mortality again increases by 8% during severe fire conditions and 5% during 

moderate fire conditions. In 2047, the overall benefits of the thinning continue. In this 

year, the fuel load is reduced by 48 tons/ acre and the flame length is reduced by 0.5 ft 

during severe fire conditions and 0.6 ft during moderate fire conditions, indicating less 

fire risk and fire intensity. Again, the volume mortality is 251 cu ft/ acre lower during 

severe fire conditions and 239 cu ft/ acre lower during moderate fire conditions.  

 

By the year 2067, the benefits of the thinning begin to lessen as the volume mortality 

becomes larger during both severe and moderate fire conditions. The volume mortality 



31 

then remains larger than the no management over the remaining years in the projection. 

In contrast, the flame length and fuel loads remain lower than the no management 

scenario for the remainder of the 100-year cycle, however the difference in value is 

small after the year 2067. 

   

Stand 3 - Impacts of Selection Harvest under no hurricane disturbance 

As with Stand 2, all the values reported (increases/ decreases) are made in comparison 

to the no management-no hurricane scenario values. During the selection harvest 

scenario in Stand 3, the forest type transitions from a loblolly pine forest to a loblolly 

pine/ hardwood forest by the year 2022, which is 20 years earlier than in the no-

management scenario. In this year, there is a reduction in tree class size with a decline 

in top tree height by 24 ft and a drop in QMD by 3.5 in. Total volume and basal area 

also decrease in this year by 1546 cu ft/ acre and 43 respectively. The most noticeable 

trend is an increase in TPA by 4960, which increases the mortality by 6 cu ft/ acre. By 

the year 2042 the forest transitions again from a loblolly pine/ hardwood forest into an 

oak-hickory forest, which is one of the management goals of this scenario. In 2042 we 

also see a decrease in the TPA and mortality by 117 and 8 cu ft/ acre respectively. In 

the years 2047 and 2067, the mortality is 7 cu ft/acre and 4 cu ft/ acre less than the no-

management scenario respectively, thus showing the prolonged success of the thinning 

treatment. However, by the year 2097 the benefits from thinning starts to fade, as the 

mortality climbs to 2 cu ft/ acre higher than the no management scenario. By this time, 

the TPA, volume, and size class estimates all start to approach the values found in the 

no management scenario. 

  

In terms of fire risk, we see a successful reduction in fuel loads by 25 tons/ acre by 

2022, indicating less fire risk when compared to the no management scenario (Rebain 

et al., 2010). Additionally, we see a decrease in volume-based mortality by 181 cu 

ft/acre during severe fire conditions and by 184 cu ft/ acre during moderate fire 

conditions. In contrast, the flame length increases by 0.3 ft during severe fire conditions 

and 0.1 ft during moderate fire conditions. The % basal area mortality also increases by 

11% during severe fire conditions and 6 % during moderate fire conditions.  

  

By the year 2067 the benefits of the thinning become established, with the fuel load 

decreasing by 42 tons /acre and the volume mortality decreasing by 88 cu ft/ acre 

during severe fire conditions and 117 cu ft/ acre during moderate fire conditions. An 

added benefit during this year is that the flame length decreases during both severe and 

moderate fire conditions by 0.3 ft, indicating a reduction in fire intensity of potential fires 

(Rebain et al., 2010). Additionally, in this year, the percent basal area mortality begins 

to approach the value of the no management scenario during both severe and moderate 

fire conditions. Lastly, for the years 2092, 2097, and 2117 the fuel loads, the volume 
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mortality, and the flame length are all lower than in the no-management scenario, 

indicating an extended benefit from the thinning treatment. This differs from the trend in 

Stand 2 where the benefits from thinning were noticed by year 2042 but then begin to 

fade by year 2067. In this stand, the benefits in fuel reduction and volume mortality are 

more delayed with benefits continuing further into the future.    

   

Comparing No Management-Hurricane scenario to Selection Harvest-Hurricane 

scenario (stands 2 and 3) 

Stand 2- Impacts of Selection Harvest with hurricane disturbance 

When comparing the results of the no-management and management scenarios with 

hurricane disturbances in Stand 2, quite a few trends were seen which suggest that the 

management fulfills several of FHS’s objectives for their forested land. In terms of forest 

composition, the management actions caused significant decreases in BA, top height of 

trees, stand QMD, and merchantable volume in the stand throughout the model. 

However, by 2117, the differences between the two models were minimal for those 

stand characteristics, indicating that the effects of management in the stand are 

beginning to diminish as the stand grows at a faster rate and approaches a similar state 

as without management. This is reflected in the higher TPA in the stand with 

management from 2067-2117. Management actions also greatly affected the forest 

composition, making the stand shift to oak-hickory forest 20 years before the no 

management scenario, and white oak becomes the dominant species in merchantable 

volume after management rather than sweetgum.  

 

For fire risk in the stand, the management scenario generally had reduced amounts of 

flame lengths and fuels which is maintained throughout the modeling scenario. The one 

exception is the percent of BA mortality in the stand, which remains 4-11% higher in the 

management scenario than the no management scenario. This same trend was seen in 

the no hurricane disturbance scenario and is probably caused by the higher densities of 

trees with smaller diameters remaining after harvest and as well as smaller regeneration 

over the course of the model. Surface fuels increased at a greater rate after hurricanes 

in the management scenario than in the no management scenario, but that elevated 

increase was true for the rate of accumulation of fuels in general and the hurricanes did 

not have a noticeable effect on the fuel amounts or other fire characteristics 

 

However, it should be noted at the accumulation of surface fuels over time in relation to 

hurricane events is driven by the output of the FVS mortality modifier is not entirely 

realistic to the actual time frame of damage done by a hurricane event. In following 

scenarios, increases were seen to surface fuels 10-15 years after hurricane events, but 

this delay is mostly caused by the mortality modifier creating snags in the stand, and the 

natural decay of the snags takes 5-10 years to bring the fuels from the killed trees to the 
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forest floor, which will have a greater effect on the indicators for fire severity (Rebain et 

al, 2016). Therefore, any increases in fire risk and severity seen after a hurricane event 

should be assumed to be directly after the event rather than a 10-15 year delay.  

 

When considering the difference in hurricane damage between no-management and 

management, the stand experienced about the same total amount of damage in the 

hurricane events, but the distribution of damage varied greatly between the two events. 

Without management, the first hurricane event had a total of 292 cu ft of more damage 

on the stand than without management. However, during the second hurricane event, 

the stand with management had a total of 707 cu ft more damage than the stand with no 

management. This difference in damage over time suggests that though management 

actions reduced the volume lost for the first hurricane which was about 30 years after 

management, the forest had regrown over the 50 years between hurricanes enough to 

have large enough trees which were vulnerable to hurricane damage. Therefore, 

continued management actions would be more effective at minimizing damage from 

hurricanes in the forest over time.    

 

Stand 3- Impacts of Selection Harvest with hurricane disturbance 

In Stand 3, significant changes to stand characteristics and composition were seen due 

to management actions in the stand. The selection harvest in 2018 reduced the 

amounts of TPA, BA, top height, stand QMD and merchantable volume throughout most 

of the modeling period. Only the mortality rate became greater than the no-management 

scenario, but only towards the end of the model in the years 2097-2117. Forest 

composition was also greatly impacted by harvesting, with the forest shifting to a 

loblolly/ hardwood forest type 20 years earlier than the no-management scenario and 

then shifting to an oak-hickory forest 25 years earlier than without management. These 

changes in forest type also reflected changes in the dominant species in the stand, with 

either loblolly or shortleaf pine as the dominant species by volume in the no-

management scenario while sweetgum and eventually white oak become the dominant 

species with management.  

 

In regard to fire risk in the stand, two inverse trends were seen in how management 

could affect the intensity and risk of fire. In terms of flame length and percent of basal 

area mortality, management actually increased these indicators until roughly 2057, from 

which time the values were either lower or equal to the no-management scenario. 

However, for the mortality of merchantable volume and the surface and total fuel loads, 

management reduced the value of these indicators for most of the modeling period, with 

the exception of mortality of merchantable volume which began to be greater than the 

no-management scenario in the year 2067. These trends indicate that management 

actions in the stand could increase fire intensity for about 30 years, which most likely is 
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due to logging slash, but since fuel loads were initially reduced, there is a lower risk of 

fire starting and being sustained on the property.  

 

In the no-management scenario, 10 years after the first hurricane event, flame lengths 

increased by up to 35% and fuel loads nearly doubled. In the management scenario, 

these increases in fire risk and severity were not seen during the second hurricane 

event. In the management scenario, though surface fuels did increase by 30% during 

the first hurricane event, there were no increases in flame length or in other fire risk 

indicators with the exception of merchantable volume mortality. Some increases to 

flame length and surface fuels were seen in the second hurricane event in the 

management scenario, but to a lesser degree than the first hurricane in the no-

management scenario. Due to the previously discussed delay of fuel loading from 

hurricane damage, the previously described changes in fire risk and severity should be 

assumed directly after a hurricane event rather than 10 years after a hurricane event, 

and elevated risk of fire damage to the property should be assumed for 5-10 years after 

a hurricane event occurs.    

 

When looking at the effect management had on hurricane damage, the management 

scenario had about 35% less overall damage directly caused by the hurricane events 

than the no-management scenario. Management actions most notably lowered the 

mortality of the first hurricane event from 370 cu ft/acre to 84 cu/ft, nearly a 77% 

decrease in damage. However by the second hurricane event, mortality was higher in 

the management scenario at 253 cu ft/acre than the no-management scenario at 147 cu 

ft/acre. These changes in damage between the two hurricane events are mostly likely 

caused by several factors which are at work in each scenario. In the no-management 

scenario, the stand was mostly a loblolly pine stand, which literature suggests have 

higher mortality rates during hurricanes than hardwood stands (Xia et al 2008a), the un-

thinned large pines trees had high mortalities during the first hurricane event, while in 

the management scenario most of these large pines had already been thinned. 

However, by the time the second hurricane event occurred, the stand had already 

shifted into a hardwood forest type, which had lower mortality rates in hurricanes, so the 

stand experienced less damage than the first hurricane. In the management scenario, 

though the stand was also a hardwood forest type, it had a slightly higher QMD than the 

no-management scenario. This suggests that more large trees were in the stand, 

making those trees more vulnerable to hurricane mortality. Therefore, the second 

hurricane did more damage in the management scenario, but less damage was done to 

the stand overall when management was done.   
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Conclusion and Recommendations  

When including hurricane events in the forest modeling scenarios, the direct impacts 

are greater in Stand 3 than in Stand 2, but management continues to play the most 

important role in stand composition and fire modeling. Management actions in Stand 2 

did not seem to affect the overall damage inflicted in the stand by hurricanes, though it 

does change the distribution of damage inflicted between different hurricane events. 

Depending on the successional stage of the stand, hurricanes do not have a great effect 

on fire risk and severity unless the stand has roughly 200 cu ft/acre or more of damage 

during a hurricane event. Heightened fire risk and severity should be expected between 

5-15 years after a large mortality event as the fuels decay and breakdown. Management 

actions lower the baseline of risk and severity of fire in the stands and the magnitude of 

the effects of hurricanes, but the effects of management only last so long, and 

continued management actions would need to be taken in order to minimize hurricane 

damage and fire risk.         

 

Stand 2 Recommendations 

Overall, we found that the management option proposed for Stand 2 would 

benefit the FHS through reduced fire risk, reduced hurricane risk in the short 

term, and enhanced species composition when compared to the no management 

scenario. A list of the proposed selection harvest management parameters are 

listed in Table W of Appendix B. Through the proposed management in Stand 2, we 

successfully transitioned the forest composition from a sweetgum/yellow poplar stand 

into an oak-hickory forest by year 2022, which is 20 years faster than the no 

management scenario (2042). We believe this forest type may be of interest to the FHS 

in terms of the ecological and educational value these species can provide. 

  

In terms of fire risk, we successfully reduced the fuel load of the property through 

the year 2097, which would reduce the risk of fires breaking out on the property 

(Rebain et al., 2010). For fire severity, we found that during both moderate and severe 

fire conditions the flame length decreased for a majority of the years modelled, 

indicating a reduction in fire intensity if a fire were to break out on the property (Rebain 

et al., 2010). The only increase in fire effects from the no management scenario was the 

percent basal area mortality during both severe and moderate fire conditions, likely 

indicating more mortality of smaller trees in the forest. Regardless of this impact, the 

reduction in fuel loads and flame length would lessen the risk and intensity of a fire on 

the property (Rebain et al., 2010). 

  

In terms of reduced hurricane damage risk, Stand 2 is already resilient to 

hurricane damage, but selection harvest management lowers the amount of 
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hurricane damage for a short time period. However, continued management of the 

forest in 50 year intervals would maintain the minimization of hurricane damage in the 

stand.    

 

Stand 3 Recommendations  

Similarly to Stand 2, we found that Stand 3 would benefit from the proposed 

management through reduced fire risk, reduced potential hurricane damage, and 

enhanced species composition when compared to the no management scenario. 

A list of the proposed selection harvest management parameters are listed in 

Table W of Appendix B. By 2042, we successfully transitioned the forest composition 

of Stand 3 from a loblolly pine stand into an oak-hickory forest, which is different than 

the forest type in the no management scenario by that same time (loblolly 

pine/hardwood forest type). We believe this forest type may be of interest to the FHS in 

terms of the ecological and educational value these species can provide. 

  

In terms of fire risk, we successfully reduced the fuel load of the property through 

the year 2117, which reduces the risk of large fires breaking out on the property 

(Rebain et al., 2010). For fire severity, the flame length decreased during moderate fire 

conditions and either decreased or had no change during severe fire conditions for the 

majority of the years projected, indicating less or no change in fire intensity during these 

years (Rebain et al., 2010). Additionally, we found that during both moderate and 

severe fire conditions that the volume mortality decreased for the majority of the years 

projected. As in Stand 2, the only category that increased was percent basal area 

mortality during both severe and moderate fire conditions. Overall, the reduction in fuel 

loads and flame length would lessen the risk and intensity of a fire on the property 

(Rebain et al., 2010). In contrast to the benefits of fire reduction in Stand 2, it should be 

noted that the full benefits of fire risk and intensity reduction lasted until the end of the 

projection in Stand 3. 

  

In terms of hurricane damage risk, selection harvest management successfully 

lowers the overall amount of hurricane damage in the stand. The management 

most efficiently minimizes the damage of the first hurricane event, but eventually leads 

to more relative damage in the second hurricane event without continued management.   

 

Limitations 

It should be noted that the FVS model does not predict exactly how the forest will 

change through time. Instead, the model predicts how the forest may change through 

time given certain parameters. While this information is informative, more analysis 

should be done to make sure that the proposed management is actually possible and 
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will achieve the desired results. Additionally, FVS determines the stand type based on 

the most dominant species present in the forest. For example, loblolly pine was the 

most abundant species in Stand 3, thus the stand was categorized as loblolly pine. This 

does not always paint the most detailed description of a forest, and the species 

composition of a forest is usually more complicated than the FVS forest type 

categorization. In addition to the limitations of FVS, there may also have been small 

errors in data collection during the forest inventory. For instance, field error is possible 

when collecting tree height data using a clinometer, which can lead to the 

overestimation or underestimation of tree height. Additionally, in conducting fixed radius 

plot sampling, it is possible that measurements of field plots were slightly off, which 

would change the per acre estimates of species on the site. 

  

Another limitation to consider is the size of the property. Although we kept management 

simple, it is likely that the proposed management will have challenges for 

implementation. Stands 2 and 3 only total an area of approximately 5.8 acres, which 

means the overall value of the trees removed will be low. In order to entice loggers to 

the site, further strategies should be explored. For example, a partnership could be 

explored with the Duke Forest to conduct the proposed management, with Duke Forest 

collecting the proceeds from the over-story thinning. FHS would then have their 

management activities conducted while simultaneously donating the value of the timber 

to the Duke Forest. 

  

There are also limitations in the estimations to hurricane damage on the property. The 

method of using percent stem damage to estimate and model the damage done by a 

hurricane to a forest does not take into account individual species’ sensitivity to 

hurricane damage, but instead applies the mortality across the stand only biased by tree 

size. While there is not sufficient literature to support the concept of pines having higher 

mortality in hurricane events (Xia et al 2008a; Everham & Brokhaw, 1996), hardwoods 

such as red oaks, black oaks, and sugar maples have been shown to be particularly 

sensitive to hurricane events and show higher rates of damage (Busing et al., 2009). 

Though hardwoods had lower percentages than pines for being overthrown (which was 

used as a proxy for mortality), they had higher rates of crown damage and other types 

of damage. These damages may not have caused ‘instant’ mortality to the tree during 

the hurricane event, but may contribute to higher rates of annual mortality post-

hurricane than pre-hurricane (Xia et al 2008a). Additionally, there are many landscape-

level factors in hurricane damage such as slope grade, aspect, and soils, which we 

were unable to include in the modeling scenarios, but could affect the distribution and 

variability of damage on the property (Everham & Brokaw, 1996).  

 

Additionally, within FVS the function used to apply hurricane damage was a mortality 
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modifier which increased the annual rate of mortality across the stand in a specific year. 

When this mortality is applied in the model, it actually creates snags in the stand, which 

are standing dead trees that will eventually decay and fall to the forest floor. This is not 

a completely accurate reflection of actual hurricane damage. Actual hurricanes typically 

overthrow trees to the forest floor immediately. But this limitation of the modeling mostly 

affects the fire and fuel loading modeling rather than the forest composition models. A 

trend was seen across most of the modeling scenarios in which the mortality from the 

hurricane event did not start to affect surface fuel loads until 10 years after the event. 

This delay could be explained by the way in which the mortality creates snags in the 

stand, which take time to decay. Therefore the results of fire modeling should be 

interpreted with this time delay in fuel loading in mind.    

  

Lastly, it should be noted that our analysis only examined fire damage risk and 

hurricane damage risk. We did not model other natural disturbances, such as wind, 

storm damage, frost damage, or pest damage. Additionally, our model did not account 

for potential climate change factors, which may change the processes of forest 

succession over time.   
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Trail Planning 

FHS is interested in the possibility of creating an interpretive trail around the 

headquarters site at some point in the future. To assess the feasibility of designing a 

potential trail for the FHS site, we used a novel approach that involved a combination of 

GIS modeling and an in-person survey of local trail users. We used GIS to design the 

physical footprint of the trail and used the survey of local trail users to assess trail use 

habits and preferences of local trail users. These two analyses were then combined to 

provide recommendations to FHS on potential trail routes, target audiences, and 

interpretive topics. 

Trail Planning Part I: GIS 

Introduction 

While the use of GIS is common for the planning and design of trails, there are different 

methodologies that depend upon the factors a trail planner wants to take into account 

when designing a trail. For example, trail alignment planning uses an extensive survey 

and analysis of an area’s physical, ecological, and land use conditions to create trails 

which provide users with the highest enjoyment for the lowest ecological and financial 

cost (Xiang, 1996). This method involves creating a complex model with many types of 

data, and is more often used over large landscapes or parks. For the purpose of this 

project, following this exact methodology would not be practical due to the size of the 

site and the available data for the area. But the focus on the physical features of the 

property and the inclusion of multiple variables in the analysis are important 

considerations.  

 

However, trail alignment planning method does not take into account the costs for the 

actual hiker when walking on a trail, especially when considering changing topography 

and length of the trail. Another GIS approach for trail planning which can take these 

variables into account is a combination of dynamic segmentation and network analysis. 

Dynamic segmentation is a method used to gather physical data along a linear feature, 

and network analysis is used to determine the shortest or least costly path across a 

landscape (Chiou et al., 2010; Wing & Johnson, 2001). Variables such as hiking time 

and hiker energy consumption can be calculated from walking time, trail length, and 

slope to give costs of hiker usage for different trail sections, and these costs can be 

calculated and summarized with dynamic segmentation (Chiou et al., 2010). Network 

analysis then determines the paths of least cost to hikers and links them together to 

create a larger trail network.   
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The GIS method used to generate trail options in this project is a simpler derivative of 

the dynamic segmentation technique of trail creation. The hiking energy variables were 

not included in the analysis as the property was not large enough to take into account 

the amount of energy needed to walk the trail. But walking time was integrated into the 

model using a hiking time function first created by Waldo Tobler (1993), which used 

empirical data from another study (Imhof, 1950) to create the following equation: 

Eq 1.  

(Herzog, 2010) 

 

 
Figure 4: Graphical representation of walking time equation (Tobler, 1993).  

 

where V signifies the velocity (km/hr) of the walker and s represents the geographic 

slope (rise/run) (Tobler, 1993; Herzog, 2010). This hiking time function was mainly 

chosen due to a previously created methodology for applying this equation easily in GIS 

(Tripcevich, 2009). With hiking time cost calculated from slope, the network analysis can 

use this cost as a basis for creating paths of least cost across the property. And 

dynamic segmentation can be used to collect and summarize this data along different 

trail paths. Therefore, the main variables which were used for the trail analysis for this 

project were elevation, slope, waypoints, and hiking time.   

 

Analysis Area  

The area used to conduct the GIS trail analysis did not cover the entirety of the FHS 

property due to some restrictive features of the landscape. The area of analysis 
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included most forest inventory areas, but only to the east of the stream on site. The 

stream was set as the western boundary for the trail area due to the city sewage line 

right-of-way, which is on the western side of the stream. To avoid conflict with the 

maintenance of the right-of-way, the whole area west of the stream was excluded from 

the analysis.   

 

Methods 

The GIS analysis was composed of two main data layers, a downloaded digital 

elevation model (DEM) for the site and GPS interest points collected in the field. The 

GIS analysis integrated the Tobler Hiking Function into a path distance analysis 

following the methodology of a cost distance analysis posted online (Tripcevich, 2009).  

 

Before starting the GIS analysis, we recorded GPS points of interest on the property 

using a Trimble in the fall of 2017. These points included natural features such as 

examples of invasive plants and significant trees, as well as potential starting and 

ending points for the trail. Waypoints were created from these GPS locations to allow 

the trail to reach certain points of interest on the property. 

 

The GIS analysis was completed using ArcGIS software. We used the aforementioned 

interest points as waypoints for a least cost path analysis. The workflow for conducting 

this analysis is outlined below. We have provided FHS with all of our GIS data and 

models so that FHS (or another organization) could replicate the process to produce 

additional trail routes.  

 

1. Prepare DEM: Elevation data from North Carolina Spatial Data Download 

website (NCEM, 2015) was extracted within the property boundaries and 

converted to meters. Slope in degrees was calculated from the DEM, and then 

was rescaled from 1 to 5 according to a Large transformation. 

 

2. Path Distance: The Path Distance tool is the first step of the least cost path 

analysis. The tool required four inputs for this analysis. The first is a point 

shapefile containing the starting point of the trail section. The second is the 

rescaled slope which serves as the cost surface for the tool (the model for 

creating rescaled slope can be seen in Figure 1 in Appendix H). The third input 

is the DEM layer in meters for the study area. The final input was in the vertical 

parameters section of the tool. A table containing the conversion of slope to 

hiking time (according to Tobler’s Hiking Function) was input into the tool to 

convert vertical changes in the DEM to hiking time. The input of the hiking 

function table makes the Path Distance tool output a cost distance raster which is 
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in km/hour hiking cost. The backlink of the cost distance raster needs to be 

outputted as well for the model to run (see Figure 2 in Appendix H). 

 

3. Cost Path: The cost distance raster and backlink raster created in step 2 is input 

into the Cost Path tool along with a point shapefile of the intended endpoint of the 

trail section. The tool uses the cost distance raster to calculate the least costly 

path from the start point to the endpoint. The output of the tool is a raster. These 

raster files were converted to polylines for Step 5 (see Figure 2 in Appendix H). 

 

4. Walking Time of Path: Because the least cost path is outputted in raster format, 

which is not a useful format for extracting discrete data points, the raster file was 

converted to a point shapefile. This point shapefile was used to extract values 

from the distance raster, which is in km/hour. Because the trails are fairly short 

distances, the distance raster was converted to minutes by multiplying the raster 

by 60, and data from the minute distance raster was extracted to each point on 

the least cost path to determine the number of minutes it took to walk to each 

point on the path (see Figure 2 in Appendix H). 

 

5. Creation of Trail Options: Once the different trail segments were created with the 

previously described process, segments were selected to represent different 

combinations of trailheads, interest points, and endpoints. The polylines of the 

trail segments were merged to create complete trail networks (see Figure 3 in 

Appendix H). 

 

6. Trail Statistics: Descriptive statistics on the mean, median, mode, range, 

minimum, maximum and standard deviation of slope (in percent) and elevation 

along each path option was run using the Zonal Statistics as Table tool (see 

Figure 3 in Appendix H). The total length in feet of each trail was calculated 

using the Calculate Geometry tool. Costs to build each trail were calculated using 

estimates from a local trail builder. 
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Results 

 
Figure 5: Option 1 for the interpretive trail.  
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Figure 6: Option 2 for the interpretive trail. 
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Figure 7: Option 3 for the interpretive trail. 
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Calculated statistics for each trail option show differences between trail length, 

approximate walking time, slope, elevation change, and estimated cost (Table 1). 

 

Table 1: Trail statistics for each of the three trail options. *Note that walking time is an 
approximation for the time it would take to walk the trail without stopping. The walking 
times listed here are not representative of the time it would take to walk an interpretive 
trail and stop to look at interpretive materials. 

Variable Option 1 Option 2 Option 3 

Length (mi) 0.32 0.26 0.21 

Approx. Walking Time* (min) 7.5 6.5 5.5 

Mean Slope (%) 9.60 9.7 9.40 

Slope Range 0.5 - 45% 0.5 - 29% 0.5-28% 

Elevation Change (ft) 21.00 21.5 20.00 

Estimated Cost ($4/ft) $6,700.00 $5,600.00 $4,500.00 

 

Discussion 

Results show that the three trail options have different values for every variable (Table 

1). Option 1 is the longest trail and it has the highest estimated cost for construction. 

Option 3 is the shortest trail with the lowest estimated cost for construction. In 

considering a potential trail route, FHS should carefully choose their priorities in terms of 

the trail variables. For example, while Option 3 would cost the least money to construct, 

this trail route does not include as many interest points as Option 1. However, it is 

important to note that the interest points used in this analysis are subjective and are 

features we deemed important during our survey of the property. The trail does not 

necessarily need to follow one of the routes we recommend. FHS staff could also 

identify interest points that they deem important and use our GIS methodology to create 

their own path. 

Trail Planning Part II: Trail Users Survey  

Introduction 

While the various uses of interpretive trails are well documented, there is no official 

protocol for designing an interpretive trail. Interpretive trail design is a place-based 

process that uses information about a specific area or culture to captivate an audience 

and tell a story. In providing recommendations to FHS on a potential interpretive trail, 

we relied on peer-reviewed studies of interpretive trail use across the country. While the 

information gleaned from these studies served as an important basis for our research, it 

is important to note that interpretive trail design needs to be catered to a specific 
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location. 

 

Many researchers of trail design and use acknowledged the importance of the overall 

connectivity of a network of trails. For example, one researcher described the need to 

connect a proposed trail (the Dahlgren Trail, in this instance) to the Potomac Heritage 

National Scenic Trail, a trail network that would, according to the research, allow for 

increased connectivity and ultimately increased used of the new proposed trail (Bowen, 

2009). Reid et al. (2008) build on this idea in citing the need to “increase the usage of 

existing trails through links,” noting that the creation of one trail encourages more 

people to use the pre-existing trails. Gonzalez et al. (2011) expand on this idea in 

demonstrating the need to assess the pre-existing resources with which the trail could 

connect. In their particular study area in California, Gonzalez et al. (2011) noted that 

interpretive material on archaeological remains was exceedingly rare, so they created a 

trail plan that fit well into the surrounding landscape because it filled a gap. 

While we do not seek to perform a complete analysis of trail signage content, we 

develop recommendations based upon a survey of local trail users and community 

interviews. Regarding the content of the trail signage, the literature identifies the need to 

build deep, personal connections through a variety of routes. Several papers note the 

idea of “translation” of concrete, tangible ideas to personal past memories (Low, 2017). 

Research also suggests that inclusion of both tangible and intangible components of the 

trail is significant (Low, 2017). Al-hagla (2010) builds on this idea by noting that each 

visitor walks the trail seeing their own personal interaction, stating that “Each player 

adopts a set of needs that he or she tries to meet through these interactions.” For the 

FHS project, we aim to meet the trail audience where they are, allowing for personal 

connection to the specific trail user.  

 

Trail literature also mentions the possibility of centering a trail around a shared cultural 

identity. In his research, Low (2017) found that through “re-experiencing” a shared past, 

visitors to the trail formulated a communal identity rooted through the information 

presented along the trails. Low notes that this may be of particular importance in areas 

where there is a significant amount of immigration and emigration (Low, 2017). Low 

(2017) utilizes the example of Singapore, noting that people are always moving in and 

out of the country, but perhaps by visiting a communal trail, the visitors feel a shared 

group Singapore identity. Low (2017) emphasizes searching for shared memories that 

many trail visitors hold and directing the content of the trail to play to those shared 

memories. This research follows the trajectory of cultural trail research conducted by Al-

hagla (2010). Al-hagla (2010) describes cultural sites as “assets” to be leveraged 

through cultural trail creation. For our project with FHS, it is important to note that the 

Forest History Society itself is rooted in history and therefore could play to the shared 



48 

cultural history of Durham as a whole, or perhaps subsets of Durham history, as the 

center for the content of the FHS trail. 

 

Multiple authors, particularly those investigating heritage trails, noted the need for a 

theme or center focus of the trail design. Reid et al. (2008) note the idea for “trail 

narratives” or themes. Many themes mentioned in the literature center around the idea 

of conservation: conservation of physical historical sites, spatial heritage/cultural 

components, and intangible social experiences. Gonzalez et al.’s (2011) research 

centers on the theme of “under-interpreted and overlooked lives of the working-class”, 

for example, “increasing the public’s archaeological literacy”, or, “giving the Kashaya 

Pomo a direct voice in the representation of their ancestral homeland and heritage.” 

Moshier (2010) gives the example of “addressing inequalities in representation at 

historic sites and celebrating the histories of American women” as another potential trail 

theme. We are taking a similar approach with our project, and will be providing 

recommendations regarding appropriate topics for a predetermined theme, perhaps 

relating to the shared cultural identity discussed in the above paragraph.   

 

Regarding the logistics of trail creation, Hughes and Morrison-Saunders (2002) describe 

signage along trails as a means of increasing knowledge and note the importance of 

walking the delicate line between providing enough signage to allow visitors to feel as 

though they are learning something but not so much signage as to deter from viewing 

the natural landscape around the trail. They note that an excess of signage may reduce 

the “visitor awareness and appreciation of the natural area” surrounding the trail site 

(Hughes & Morrison-Saunders, 2002). Further, they investigate the appropriate amount 

of simplification of the information as a means of reducing reading material without 

losing the integrity of the material and the educational goals. Hughes and Morrison-

Saunders (2002) also discuss the existence of a “threshold”, at which visitors have 

garnered as much information as they can from the signage. At this point, any additional 

information forced upon the visitor may deter from the experience. Al-hagla (2010) 

warns against the translation of historical information and elements into information that 

better suits the needs and goals of the project, advising trail designers to maintain the 

authenticity of the information even if it does not perfectly align with the purposes of the 

project. In choosing which elements will ultimately gain a place on the trail, Al-hagla 

(2010) write that trail designers must make conscious decisions regarding which 

information will and will not “make the cut,” noting that some information will have to be 

ignored. The author concludes by pointing out the necessary step of identifying the key 

points regarding the interpretive theme (Al-hagla, 2010). 

 

The literature review of trail design best practices guided our initial approach to 

developing recommendations for the potential FHS trail. But as we previously noted, 
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trail design is a place-based process that should rely upon information gathered from 

the area where the trail will be built. To provide place-based trail creation 

recommendations to FHS, we implemented a survey of trail users on three trails in the 

Durham area. The trail users survey examines a) how people are using trails in 

Durham, b) preferences of trail users, and c) interests of trail users in terms of 

interpretive material. Below, we explain how we designed and implemented the survey. 

Methods 

Survey Type 

The survey was implemented in person at three interpretive trails in Durham (Map 1). 

These sites are:  

 

1. The Shepherd Nature Trail: an interpretive trail in the Durham Division of the Duke 

Forest off of Route 751. The trail is a 0.8-mile loop. The interpretive signs on the 

Shepherd Trail provide information on the natural history of the Piedmont region and 

sustainable forest management. The most recent interpretive material was created and 

designed by Duke Forest and Nicholas School staff and the signs were installed in 

2017. The Shepherd Nature Trail is part of a large set of walking trails within the Duke 

Forest. Many users of the Shepherd Trail walk the trail in conjunction with a walk on one 

of the official forest roads in Duke Forest. 

 

2. The Al Buehler Trail: a walking and running trail adjacent to Duke’s West Campus. 

The Al Buehler Trail is a three-mile gravel loop that circles the perimeter of the Duke 

University golf course and Washington Duke Inn. The interpretive material along the trail 

is part of a park created by the Duke Wetlands Center called SWAMP (Stream and 

Wetland Assessment Management Park). Signs along the trail provide information on 

wetland science and draw observers’ attention to the constructed wetlands within the 

park. The signs also provide information on the flora and fauna native to wetlands of the 

Piedmont. While the Al Buehler Trail is most commonly used for running, walkers use 

the trail regularly as well. 

 

3. Sandy Creek Park Trail: a set of short trails (all less than a mile in length) in a park in 

south Durham. Sandy Creek Park is a former wastewater treatment facility that was 

transformed into a nature park in the early 2000s. The park features four short trails, a 

picnic area, a small field, restrooms, and several wetlands. The trails at Sandy Creek 

Park are popular among birders and walkers. 
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Map 1: Map of trail locations for the trail users survey. The location of the FHS 

headquarters site is shown in blue. 

 

Locations were chosen based on proximity to the FHS site and similarities to the 

potential FHS trail. For example, we chose not to sample users at state parks due to the 

fact that state parks often require entry fees or park memberships, whereas the FHS 

site trail will be a standalone trail. 

 

For purposes of efficiency and ease of implementation in an outdoor setting, 

respondents took the survey on iPads using Qualtrics survey software. Qualtrics survey 

software automatically collects and tallies responses, and analyses can be conducted 

by downloading the results into Excel or other statistical software. 

 

Survey Design 

The survey was developed using the methods learned in Dr. Randall Kramer’s Social 

Science Surveys course at the Nicholas School. Recommendations regarding subject 
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matter for the questions were provided by FHS and our academic advisors. In 

developing questions, we also relied on peer-reviewed literature regarding trail use and 

interpretive signage, much of which was referenced in the Introduction section (Higgins, 

Brewster, Buxcey, & Robinson, 2015; Goldenberg, Hill, & Fredit, 2008). We began 

question design by identifying the goals of the survey, ensuring that each question had 

a particular end-goal and deliverable that would contribute to our recommendations for 

this project (Fink, 2013). We decided to produce a self-administered questionnaire due 

to the fact that we anticipated having multiple interviews and wanted to reduce 

interviewer bias. Further, self-administered surveys allow for the interviewee to feel less 

time constraints in answering, enhancing the ability to “deeply process items appearing 

in the list” (Dillman et al., 2014). We identified closed-ended questions following the 

recommendations of well-known survey methodologist Floyd Fowler, who states, “If one 

is going to have a self-administered questionnaire, one must reconcile oneself to closed 

questions, that is, questions that can be answered by simply clicking or checking a box 

or circling the proper response from a set provided by the researcher,” (2013). Fowler 

goes on to state that self-administered surveys with open-ended answers oftentimes do 

not produce “useful data” due to lack of probing ability by an interviewer and difficulty in 

coding and data analysis. Therefore, we decided to design our survey to include mostly 

closed-ended self-administered questions. 

 

In determining which type of data to collect through our close-ended questions, we 

decided to collect categorical data (yes/no questions, for example) and ordinal data 

(increasing likelihood of participation). Further, we chose to utilize check-lists (“Select all 

that apply”) and rating scales. According to relevant literature on the topic, multiple 

choice questions are efficient, easy to use, easy to score, and easy to enter into a 

database, thus producing a uniformity of responses (Fink, 2013). However, we did 

decide to include one concluding open-ended question (“Do you have any other 

thoughts about this trail that you would like to share?”) by the request of FHS and as a 

means of allowing the respondent to express her/his additional thoughts and opinions 

(Fink, 2013).  

 

Throughout creation of the survey questions, we utilized the tools of basic survey 

design, including the use of short question length, lack of abbreviations, clarity of words, 

lack of jargon, lack of colloquial words, and a lack of “charged” words (Fowler, 2013). 

For yes/no questions, we ensured that the respondent did not have to force themselves 

into one category, which can bias the interviewee and produce inaccurate responses 

(Fowler, 2013). We also made sure to include checklists as a means of reminding 

participants of things that they may have forgotten (Fowler, 2013), such as which types 

of trails people prefer. Lastly, we crafted questions to be at an eighth-grade reading 

level because this is the level at which the average American is most comfortable 
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reading (Fowler, 2013). 

 

Prior to distribution, the survey underwent two rounds of edits by our advisors and Steve 

Anderson at FHS. Our advisors and Steve Anderson also pretested the survey on 

Qualtrics prior to distribution. The full survey can be viewed in Appendix C. 

 

Survey Implementation 

The survey was implemented over the course of 16 days in March of 2018. Responses 

were collected at the Shepherd Nature Trail, the Al Buehler Trail, and the Sandy Creek 

Park Trail. We observed that on weekdays, trails were most commonly used directly 

before and after the 9AM-5PM work day. Thus, on weekdays we surveyed trail users 

between approximately 7:00AM and 9:00AM and 4:30PM and 6:30PM. Trail use was 

more variable on weekends, so weekend surveys were conducted at random times. 

Surveys were only conducted when there was no inclement weather such as rain, sleet, 

or snow. 

 

Our target population was walkers on the aforementioned trails. Participants were 

approached in person at trail heads as they finished their walks. Because of IRB 

requirements, we only asked adults to take the survey. To attain an appropriate sample 

size to collect descriptive statistics, we surveyed exactly 50 people (Kramer, 2017). 

While a sample size of 100 or more responses would allow for regression analyses 

(Kramer, 2017), it was simply not possible to attain such a sample size within the 

allotted time for completing the survey. 

 

Surveys with the presence of an interviewer (rather than setting out the set of interviews 

to be picked up, filled out, and returned to a drop-box) were chosen due to the 

surveyor’s ability to “provide extra motivation and assistance to respondents when 

needed,” (Dillman et al., 2014). We acknowledge that social desirability bias may have 

come into play as the respondents may have responded to the survey based upon what 

they believed was desired by the surveyor (Dillman et al., 2014). However we sought to 

reduce this bias through the use of the iPad device. In this way, the respondent did not 

have to provide answers directly to the interviewer; rather they recorded their answers 

into a database. Further, in utilizing a survey that is facilitated through an iPad device, 

we eliminated interviewer variance in the content of the questions asked (Dillman et al., 

2014). In considering our method of data collection, we emphasized the advantages of 

computer-facilitated research in that computers can perform complex skip questions, 

which cater to the particular circumstances of the responding individual (Fowler, 2013). 

Further, computer technology has the ability to output charts and graphics easily 

through conversation of the raw data, allowing for minimization of time in analysis and 

reporting (Fowler, 2013). Additionally, we acknowledged the speed by which we could 
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perform analysis following data collection through a computerized system (Fowler, 

2013).  

 

The standardized nature of the questions prevented different interviewers from phrasing 

the questions differently or changing the wording within the questions. Lastly, Fowler 

notes the need to, “minimize the extent to which respondents have to report by recall” 

(2013). Therefore, we opted to ask respondents our questions while the interviewees 

were still on-trail, which captured more accurate information.  

Results 

Demographics 

Age distribution among adult trail users was roughly even. While our IRB regulations did 

not allow us to survey trail users under the age of 18, 6% of respondents indicated that 

someone(s) under the age of 18 had accompanied them to the trail on the day they 

were surveyed. Among these youth, two were between the ages of 11 and 17, one was 

between the ages of 6 and 10, and one was between the ages of 0 and 5. The majority 

of respondents at the three survey locations (67%) traveled between zero and five miles 

to access a trail (Figure 8). When respondents were asked how they found out about 

the trail they had just used, 54% of respondents said they found out via word of mouth 

(Figure 9). 

 
Figure 8: Responses to the question, “Approximately how far did you travel today to 

access this trail?” The various colors on the pie chart represent the number of 

respondents who fall within each category. 
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Figure 9: Responses to the question, “How did you find out about this trail?” 

Respondents were instructed to select only one category. The various colors on the pie 

chart represent the number of respondents who fall within each category. 

 

Trail Use Habits 

In terms of the timing of trail use in Durham, roughly 50% of respondents indicated that 

they generally use trails on the weekend. 26% said they use trails on weekdays before 

5PM and 22% said they use trails on weekdays after 5PM. 78% of respondents 

indicated that they visit trails in Durham once a month or more. Respondents indicated 

a variety of reasons for using interpretive trails in Durham (Figure 9). The most common 

reasons for using trails were “to spend time in nature,” and “exercise/physical activity” 

(Figure 10). 66% of respondents said they looked at the interpretive signs along the 

trail, 30% said they did not, and 4% said they did not remember whether or not they had 

looked at the signs. 
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Figure 10: Responses to the question, “Why did you come to this trail today?” 

Respondents were instructed to select all answers that applied. The numbers on the x-

axis indicate the number of respondents who selected each answer. 

 

Trail Preferences 

When asked about preferences regarding interpretive signs, 54% of respondents said 

they prefer that the trail they visit has interpretive signs. 6% said they prefer the trail 

does not have interpretive signs and 40% had no preference. When asked about 

preferences regarding trail surfaces, the most common preference was dirt trails (as 

opposed to paved, mulch, and gravel trails). In terms of preferred trail length, the 

majority of respondents (70%) said their preferred distance to walk/hike is one to three 

miles (Figure 11).  
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Figure 11: Responses to the question, “When you visit a trail, what distance do you 

generally like to walk/hike?” Respondents were instructed to only select one category. 

Numbers on the y-axis represent the number of respondents who selected each 

category. 

 

Respondents were also asked about their satisfaction with the length of the trail they 

had just walked. It is important to note that each of the three trail survey locations was a 

different length: the Sandy Creek Park Trails and the Shepherd Trail are a little less 

than one mile long (although the Sandy Creek Park Trails can be walked together to 

total slightly over two miles), whereas the Al Buehler Trail is three miles long. Among 

respondents from all three trails, 62% stated that they were satisfied with the length of 

the trail they had just walked. 36% said they wished the trail were longer, 2% had no 

opinion, and no one said they wished the trail were shorter. 

 

Interest in FHS Interpretive Trail 

One survey question measured respondents’ interest in visiting a trail with interpretive 

material on North Carolina’s conservation history. Respondents indicated their interest 

in visiting such a trail by using a Likert scale with answers ranging from “definitely not” 

to “definitely yes.” 48%, which was the highest percentage of respondents, indicated 

that they would definitely be interested in visiting such a trail. Respondents were also 

asked to rank their interest levels in a variety of potential topics for the FHS interpretive 

trail (Figure 12). Between the six topics, respondents did not have a clear preference. 

The topics that received the most “very interested” votes were “how to read a 

landscape” and “ecological history of this region” (Figure 12). 
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Figure 12: Responses to the question, “Below are some potential topics for an 

interpretive trail in Durham. Please rank your interest in each topic.” The numbers on 

the y-axis represent the number of respondents that indicated their levels of interest for 

each topic. 

 

Open-Ended Questions 

At the end of the survey, respondents were invited to share any further comments about 

the trail. Several respondents gave comments, and the subjects of these comments 

varied widely. A few respondents made comments about dogs, namely about the need 

for dog bags for waste cleanup, the need to have dogs on leashes, and the need for 

dog-friendly trails in Durham. Several respondents commented about the need for 

parking. Most of the parking comments were in relation to the Al Buehler Trail, where 

parking access in one lot was recently restricted to permit holders. A few respondents 

noted that they enjoyed using the trails for bird watching. 

Discussion 

In general, the results of the trail users survey show a significant level of interest in a 

potential interpretive trail at the FHS headquarters site. Results showed no clear 

preference in terms of specific topics, so FHS could likely incorporate multiple themes 

into their interpretive material.  

 

It is important to note that 70% of respondents said they prefer a trail of one to three 

miles in length. However, outside of the building footprint, the FHS property is only 

about eight acres. It is unlikely that a trail of more than one mile in length could be 
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constructed within the property boundaries. Therefore, FHS will need to consider the 

larger purpose of the interpretive trail. For example, a trail of only 0.5 miles in length 

would still be completely appropriate for educational purposes. A variety of interest 

points could be identified on the property and interpretive signage could be constructed 

at each point. Such a trail would be a good activity for visiting school groups or visitors 

from the general public. Conversely, if FHS wants to use the trail to attract general trail 

walkers, then trail planning should focus on maximizing the length of the trail and 

potential connections to other walkways in Durham. One of the entrances to the Al 

Buehler Trail, for example, is less than a mile down Academy Road and directly north of 

the site. Anecdotal evidence from the trail users survey and interviews with community 

organizations showed that people using the trails for walking and exercise purposes 

would not be interested in visiting a trail less than a mile in length. It is important for 

FHS to take this information into account when deciding the overall purpose of the trail. 

 

The Shepherd Nature Trail, one of the three interpretive trails used as a survey site in 

for this study, is a particularly good example of interpretive material focused on forests 

and land use history. The interpretive material on the Shepherd Nature Trail was 

created by Duke Forest Director Sara Childs and Nicholas School of the Environment 

Professor Nicki Cagle. Spreadsheets outlining the thematic development of the 

information for these signs were provided to FHS via email. 

Limitations 

The trail users survey is limited in scope due to a relatively small sample size of 50 

responses. While a larger sample size would be preferable, this was not attainable due 

to a short implementation period, unpredictable inclement weather, and unpredictable 

trail user turnout on the days we surveyed. Additionally, this survey was specific to 

interpretive trails and does not address the many trails in Durham that do not have 

interpretive signage. Thus, the results of this survey should not be interpreted to 

represent all trail users in Durham. 
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Community Outreach 

Note: Due to Institutional Review Board requirements regarding privacy of information 

disclosed during interviews, the names of organizations interviewed for this project have 

been omitted in this report. Organizations are identified by a set of numbers and 

referenced as “Interviewee #.” 

Introduction 

In our research, we mapped the Durham community, identifying potential stakeholders 

and their perceived needs and desires regarding the new FHS headquarters site. A 

number of articles on community outreach for educational purposes discussed inclusion 

of the surrounding community in deciding which components of the shared community 

past to highlight in the design of a new trail, an idea Low calls “engaged citizenry” 

(2017). In our study, we sought to integrate a form of “engaged citizenry” due to the fact 

that the local organizations know to a greater depth and detail the historical past and 

“feel” of the Durham community than we do as researchers. 

 

Community outreach literature also notes the need to engage the local community in 

understanding what is needed and what is not (Bowen, 2009). One study highlighted 

the importance of “integrating community perspectives and goals into all stages of the 

research design, from formulation and implementation to sharing of results” (Gonzalez, 

2011). In our study, community members were integrated into the research design and 

formulation through preliminary interviews with the surrounding neighbors, who 

contributed to questions asked during later interviews with a broader sample of the 

community. Further, through the interview process, organizations were influential in 

implementation of the research through the use of snowball sampling and connecting us 

with other organizations and groups who might be helpful. Lastly, after the culmination 

of this project, we intend to share the results of this study with the organizations who 

assisted in this research.  

 

In terms of community-based resource management, it is widely recognized within the 

field that inclusion of the local community voice is essential in the creation of any 

alteration to the local landscape. By excluding the community in decisions prior to the 

alteration of a local landscape, one not only disregards the interests of the community 

itself, but may also miss important and relevant information known only to the area 

members, resulting in negative results for both community member and influencer alike 

(Christie et al., 2003; Trakolis, 2001). For example, in a study on community views of a 

National Park in Greece, researchers noted that the people occupying the grounds 

adjacent to the site were the most knowledgeable about the site and therefore their 

knowledge was of utmost importance in crafting the land management plan (Trakolis, 
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2001). Further, the author notes, “Human communities, especially those living in and 

around protected areas, often have important and long-standing relationships with these 

areas” (Trakolis, 2001).  

 

Participation from the community is key for the development of a new building or site. In 

a study on participatory research, Taylor et al. (2013) found that “local people 

possessed valuable knowledge and skills relevant to positive change,” indicating the 

positive change that may occur through community participation. For this project, we as 

researchers acknowledge that our brief time in this area does not compare to the 

integration of select organizations within the community. 

 

Further, Eadens et al. (2009) note that it is necessary to not only sample the interests of 

one particular community organization or group. Rather, it is important to field a range of 

opinions in order to understand more fully the needs and desires of the community as a 

whole prior to making decisions. The authors note, “For successful park management, 

the interests of a range of stakeholders who affect or are affected by management 

policies must be investigated and compromises sought between conflicting interests” 

(Eadens et al., 2009). A study investigating effectiveness of stakeholder analysis 

highlighted the need to include a broad reach of perspectives which will, “provide a 

more robust knowledge base from which to build development” (Reed et al., 2009). In 

the FHS study, we aimed to include a range of voices in interviewing three separate 

groups - environmental, historical, and cultural - so as not to listen to a singular voice 

but rather reach a broad range of those who may be affected by the new FHS site.  

 

Interactions with the local community are also significant in that participation or other 

contributions to the project are likely to lead the community members to feel that they 

have a stake in the outcome (Reid et al., 2009; Smith, 2003). There are a variety of 

methods by which community members can participate and contribute to a project, 

including expressing their needs through interviews and focus groups, participating in a 

mapping exercise (participatory mapping) of their local area (Smith, 2003), and 

identifying other key actors in the community (Grimble & Chan, 1995). Smith (2003) 

writes, “When people have an opportunity to share their needs and desires and talk 

about park management, they not only gain a better understanding of the park and its 

management issues, but they also become genuinely concerned about the outcomes,” 

(2003). Smith notes that active participation gives the participants a heightened grasp 

on the investigative research as well as an interest and concern for the project as a 

whole (2003). In terms of our process of interviewing and speaking with community 

members, we note that when the interviewee expresses his/her thoughts and needs, 

he/she is also likely to gain a genuine care for the project and become more invested in 

the success of the project.  
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Our process of determining where the community stands in terms of programming 

offered, needs, and audiences served was built upon the successful stakeholder park 

planning techniques of Eadens et al. (2009). The researchers note, “By identifying the 

current state of use [of the land],...the [overseeing non-governmental agency] can 

determine how to allocate limited resources and identify additional resources needed to 

implement the plan,” (Eadens et al., 2009). In our study, we are identifying the current 

state of the community as a means to determine where FHS can fit in.  

 

When considering FHS’s long-term goals, we acknowledged the fact that FHS does not 

anticipate having a full-time staff member to orchestrate outreach and educational 

opportunities. Therefore, in our community-based research, we felt it was important to 

approach community members by asking them how their organizations might be able to 

partner or work with FHS. Research notes that in approaching community members as 

colleagues and by encouraging “critical thinking,” the research may be conceptualized 

as the interviewees’ own and it may inspire community members to approach the 

project as their own (Taylor et al., 2013). Thus, in our interviews with community 

organizations, we made an effort to inform the organizations about FHS’s mission while 

simultaneously engaging in conversation around their own particular organization. 

 

Key Terms: 

Definition of stakeholder: “Any group of people, organized or unorganized, who share a 

common interest or stake in a particular issue or system” (Grimble et al., 1997). 

 

Definition of stakeholder analysis: Stakeholder analysis (SA) is an approach for 

understanding a system by identifying the key actors in the system, and assessing their 

respective interests in that system (Grimble & Chan, 1995). 

 

Definition of participatory mapping: Participatory mapping is a method that elicits the 

relationships between people and their environment by involving community members 

in drawing maps of their surroundings (Knapp & Herlihy, 2001). 

 

Definition of participatory research: “For research to be defined as participatory, it must 

include the people who are either the direct subjects or are stakeholders in the outcome 

of the research in some or all of the research process - from conceptualization, to 

implementation, to analysis and dissemination of results” (Shapiro, 2003). 

 

Methods 

Identifying Sources of Data 
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Within the realm of community organizations we intended to interview, our client initially 

proposed three broad categories - nature/environmental centers in the region, historical 

centers in Durham and cultural organizations in Durham. The list of 16 

nature/environmental centers was developed by our client and professors at the 

Nicholas School, of which nine organizations in total responded to our interview request 

and were subsequently interviewed (a 56% response rate). The initial list of six historical 

associations was developed through independent research of Durham-specific historical 

groups and organizations, of which all six organizations responded to our interview 

request and were subsequently interviewed (a 100% response rate). Lastly, the initial 

list of 42 community cultural organizations was proposed by our client and built upon 

with input from Nicholas School advisors, as well as FHS Board members. As the 

research process progressed, additional organizations were added to the list as the 

client and research team collaborated to more fully develop the list. This group of 

cultural organizations was intended to have a focus on minority populations in Durham. 

Fifteen organizations responded to our requests and were subsequently interviewed (a 

36% response rate). 

 

In identifying what constitutes a stakeholder, each organization was evaluated 

according to Grimble and Wellard’s (1997) importance/influence matrix (Figure 13). 

Criteria for inclusion in this project, due to limited resource and time capacity, allowed 

for only those in area B, high influence and high importance, to be interviewed for this 

project.  

 
Figure 13: Grimble and Wellard’s (1997) importance/influence matrix used to identify 

and categorize stakeholders in a stakeholder analysis. 

 

Nature centers were not limited to the ones within Durham city limits (as the historical 

associations and community groups were) for two main reasons: 1) the consensus 

within the our research group is that we were attempting to fill gaps within the larger 

region and not Durham specifically and 2) there was a lack of Durham-specific nature 
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centers with an environmental education component. By contrast, we were able to 

identify a substantial list of historic centers specifically within the Durham community 

that would allow for the desired comprehensiveness of the data collected.  

 

Nature centers and historical organizations were interviewed with the purpose of 

identifying preexisting educational opportunities in the fields of environmental and 

historical education, both in terms of education provided and by which routes 

(programming availability and offerings specifically). This information was then used to 

inform the FHS as to the gaps that exist in environmental/historical education field in 

this immediate region. With this information, the FHS can attempt to fill such gaps in 

information and programming. Community cultural organizations were interviewed with 

FHS’s main goal in mind of becoming more visible to the community in the most cost 

effective and professional way possible. The FHS headquarters can serve various 

purposes for the community, ranging from program offerings (such as guest speakers, 

photo exhibitions, and archival displays), but can also offer spaces within the 

headquarters for community organizations to hold programming of their own. This latter 

opportunity may be of particular interest to organizations that may not have meeting 

space available to them currently.  

  

Additionally, we attempted to conduct interviews with five houses directly adjacent to the 

FHS site. After attempting interviews with five houses, we successfully interviewed two 

houses. We began by interviewing a couple with whom the FHS had previously 

established a good relationship. Through this interview we came to better understand 

the neighborhood as a whole, learned how to best communicate with the neighbors, and 

learned how the other neighbors were generally feeling about the site. This in-person 

interview was a semi-structured interview, bordering on an informal conversation, and 

was conducted by two group members. Following this conversation, we walked door-to-

door to visit the other four neighboring homes. Only one other household answered the 

door and agreed to speak with us regarding their concerns. After these two 

conversations with neighbors, we reported the collective concerns and opinions to FHS. 

 

Data Collection 

All organizations were offered the chance to conduct the interview by phone or in 

person. In total, one organization chose an in-person interview, while 11 organizations 

chosen telephone interviews. In offering these two forms of interviews, the group 

analyzed costs and benefits of each method. In terms of in-person interviews, the 

advantage of the interviewer in being able to probe, answer respondent questions, and 

assist the respondent in understanding questions (Fowler, 2014) was identified, as well 

as the possibility of being able to see the grounds of the site visited. Further, we 

anticipated a positive outcome of in-person interviews to be the ability to establish a 
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rapport and a level of trust with the interviewee, as well as the opportunity to gather in-

depth data (O’Leary, 2014). In terms of telephone interviews, the advantage of lower 

cost (in terms of time and associated travel costs) (Fowler, 2014) and convenience in 

scheduling (Roller & Lavrakas, 2017) to fit the schedules of the researchers was 

identified to be most significant. In this, we also acknowledged that we may weaken the 

ability to establish rapport with the interviewer and we would not be able to capture non-

verbal cues throughout the conversation (Roller & Lavrakas, 2017). However, some 

studies have shown that interviewing via telephone may assist interviewees in feeling 

that they may be more open about their opinions and feelings over the phone rather 

than in-person (Kavanaugh & Ayre, 1998).  

 

The interviews performed were semi-structured in nature. We chose the semi-structured 

interview due to the ability to “follow the natural flow” of the conversation and the ability 

to explore tangents and shift direction of the interview (O’Leary, 2014). Due to the fact 

that we came in fairly blind to what we would find, we agreed that the ability to shift the 

conversation as it flowed would be advantageous toward our research purposes. 

Further, we chose the semi-structured interview due to it being, “particularly 

conversational in nature” which is “tailored to each interviewee based on his/her 

responses to interview questions” (Roller & Lavrakas, 2017).  

 

After settling on a final list of organizations, we began contacting organizations in mid-

November to establish interview time slots. At point of contact, we provided 

interviewees with background information on the project and attached a 2-page 

information sheet about FHS (Appendix D). Interviews began on December 5, 2017 and 

terminated on Monday, February 23, 2018 (an 80-day period). Interview times were 

determined based upon joint availability of both interviewer and interviewee. Interviews 

with historical associations lasted on average 17.6 minutes, with environmental 

organizations on average 20.7 minutes, and with cultural organizations on average 17.1 

minutes. Overall, interviews across the board lasted on average 18 minutes and 30 

seconds, ranging from 10 minutes to 38 minutes in length. Interviews were conducted 

on every day of the work week (Monday through Friday). Most interviews took place on 

a Monday (9 of 30 interviews) and the fewest interviews were conducted on 

Wednesdays (2 of 30 interviews). Interviews spanned the time from 8:30am to 5:15pm. 

The most popular times for interviews were 3:00 PM (4 interviews) and 4:00 PM (4 

interviews).  
 

We targeted 15-25 interviews per group (one group including the 

environmental/historical organizations, one group including the “community cultural” 

organizations). We also considered the “heterogeneity or homogeneity of the population 

being studied” (Roller & Lavrakas, 2017). As we interviewed, it became apparent that 
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the “community cultural organizations” were extremely heterogeneous in goals, 

populations served, desires/needs, and ideas for collaboration with FHS. This was in 

contrast to the historical/environmental organizations which we found to be more 

homogenous in their goals and viewpoints. Therefore, a heightened emphasis was 

placed on the cultural organizations and more organizations were added to the list in 

order to grasp a larger set of data. We were, however, limited by the “finite resources 

available to support the study” (Roller & Lavrakas, 2017) in that our time as researchers 

was limited by semester workload and project deadline. 

 

Data Analysis 

We mainly followed three frameworks for data analysis: 1) the qualitative analytical 

framework outlined by Ritchie & Spencer (2002) in their “Framework” analytical 

approach, 2) the “Total Quality Framework Approach” by Roller and Lavrakas (2015) 

and 3) the shared NVivo analysis framework outlined by Zamawe (2015) and Wang 

(2008).  

 

The Ritchie & Spencer method was used in a paper by Yuksel et al. in their 1999 

analysis of stakeholder perspectives upon introduction of tourism plans in Pamukkale, 

Turkey. We relied heavily on the Framework as utilized by the Yuksel et al. study due to 

the intentions shared with our study, namely their focus on “broad commonalities in 

stakeholder views rather than individual differences between and within stakeholder 

groups” (1999). However, we did also acknowledge the “differential effects” (Grimble & 

Wellard, 1997) in our studies as a means of informing where FHS may fill a niche 

desire, need, or gap. In our study, we intended to provide FHS with the most common 

sentiments among organizations, which FHS can then utilize to dictate their outreach 

efforts. Similarly, the Yuksel et al. study assessed stakeholder reactions, opinions, and 

concerns as a means of dictating a planning process for tourism efforts. Although this is 

a step-by-step framework, we acknowledged the need to “determine meaning, salience 

and connections” (Ritchie & Spencer, 1994) while performing this analysis, rather than 

simply taking the framework at face value. We focused on the commonalities (rather 

than distinct differences) between stakeholder groups in our analysis (Yuksel et al., 

1999) due to the desire of the FHS to find areas where the organization could fill gaps 

across community groups, rather than targeting individual organizations.  

 

For the Zamawe (2015) and Wang (2008) shared method and in the use of NVivo in 

general, researchers are quick to point out that the software is not what performs the 

analysis primarily, but rather the researcher him/herself and that, “the researcher utilizes 

the computer program to assist in the analysis” (Leech & Onwuegbuzie, 2011). This 

sentiment is repeated in another piece of researcher where the author notes, “It is not a 

technical exercise as in quantitative methods, but more of a dynamic, intuitive and 
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creative process of inductive reasoning, thinking, and theorizing” (Wang, 2008). 

Therefore, we seek to impress upon the reader that this process is iterative in that 

coding and seeking relationships occurs prior to full analysis of the data. 

 

Utilizing the framework of Ritchie and Spencer (1994) at the onset, we began with the 

“familiarization” step. This step involves the researcher reading through the data (in our 

case the interviews) as a means of getting a “feel” for the data again, which limits the 

researcher from being “selective and partial” in recalling components of the data 

(Ritchie & Spencer, 1994). The second step involves identifying a “thematic framework”, 

physically noting recurring themes into a framework, into which material, “can be sifted 

and sorted” into determined themes (Ritchie & Spencer, 1994). This framework was 

created through NVivo in a Research Journal. Through this read-through second step, 

themes for environmental/historical centers included scope of the organization 

(demographics as well as mission), events offered, gaps in the environmental/historical 

field in the Triangle, and areas for FHS to build upon. For cultural organization 

interviews, these included organization-wide needs, relationship to forests/history, 

program offerings, and interest in attending FHS-facilitated events. These themes were 

then created to be “nodes”, which are theme “basins” in which the researcher will later 

sort the contents of the interviews. It is important to note that each basin/node be 

“clearly defined” and “unique and independent” from each other (Roller & Lavrakas, 

2015).  

 

 
Figure 14. The five steps of qualitative data analysis, as utilized in this study.  

 

The next step of the process is termed “charting”, which involves sifting through the 

interview data and sorting lines/phrases of text into the “basins” or “nodes” (Ritchie & 

Spencer, 1994). This process may also be termed “coding”, which researchers define 
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as, “subdividing the huge amount of raw information or data, and subsequently 

assigning them into categories” (Wong, 2008), and, “the process of putting together 

extracts (across documents) that are related to each other into basins called nodes,” 

(Zamawe, 2015). In the framework, this process is performed manually. However, we 

chose at this point to shift to the use of NVivo, which would allow for further data 

analysis at later stages. The NVivo tool has been used as a method of analysis in many 

similar studies to “allow researchers to sort through large amounts of text to develop 

themes, codes, and conceptual relationships” (Wridt, 2010) and as a means of, 

“[identifying] common themes through coding text” (Cashman et al., 2008).  

   

As we coded, we also inductively created additional themes. For 

environmental/historical centers, these included themes such as a) the future of 

Durham, b) free cost of programming activities, and c) difficulties in execution of 

programming. For cultural organizations these themes included a) staff capacity, b) 

components of potential future collaboration with FHS and b) needs within meeting 

spaces. This practice of inductively identifying additional themes is termed “grounded 

theory,” a sense of bottom-up theme identification rather than top-down, until you reach 

the point of “saturation” or the point at which the researcher feels that he/she has 

collected a substantive amount of information such that “additional data collection does 

not reveal fresh insights” (Robson, 2011).  This process was also iterative, “with new 

codes added or existing codes altered as deemed appropriate throughout the coding 

process” (Roller & Lavrakas, 2017).    

 

After all transcribed interviews were coded into respective categories through NVivo, we 

performed a variety of queries including “word frequency” queries within each theme, 

which produced word clouds (Figure 16, Figure 22). Word clouds work by enhancing the 

size of the words that are most frequently included within the particular theme. We also 

performed queries on specific words and phrases which we mentally recalled through 

the initial step of reading through the interviews in full. Through this process, we took 

notes in our individual Research Journals (stored within NVivo) of frequent words, which 

we then used to craft our text search queries. Words that were identified for this 

purpose include “partnership,” “youth,” and “space”. This type of query - a “text search” 

query - produces a word tree (Figure 15, Figure 21, Figure 23). Further analysis was 

performed in counts of mentions of a particular theme overall and in counts of how 

many organizations noted that particular theme (Figures 17, 18, 19, 20, 24, 25, and 26). 

Within the analysis of historical/environmental organizations, we took note of those 

differences and incorporated the data into our graphical figures accordingly.  

Results 

Specific questions asked of interviewees during the interview process can be found in 
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the Appendix E. Results were based off of the analyses performed across all 30 

organizations and for each group of organizations (environmental/historical and cultural) 

separately, dependent upon the individual questions asked of each group. 

 

All Organizations 

A. General Collaboration 

In terms of general collaboration amongst groups, throughout the interviews, there 

existed an air of companionship and partnership and reliance upon each other 

throughout the Durham community across all organizations. One organization is quoted 

as having said, “we work and support with partner organizations that run programming 

on our properties, so we see that as another way of reaching the community but not 

necessarily having to do all the programming ourselves” (Interviewee 17). This 

demonstrates that where limits exist in one organization, a separate organization may 

fill those gaps, demonstrating the collaborative nature of the community. To further this 

point, one organization said, “Partnerships are very beneficial...you always find that 

someone is doing something related to what you’re trying to accomplish” (Interviewee 

18). This point demonstrates the need to be aware of what other programs exist in the 

community and to build on them as well as filling in gaps that may exist. Another 

organization noted, “We don’t see ourselves in competition, so we rely on partnerships 

and definitely promote other organizations in the area and we’re all in it together and 

help each other out,” (Interviewee 22), which was a sentiment shared by many 

organizations. Lastly, one organization is quoted as saying, “Durham is a very 

collaborative environment, [there is] a lot of desire not to overlap due to fairly small staff 

size at all of these organizations,” (Interviewee 27). These examples demonstrate the 

partnerships that exist in the community and the importance placed on such 

partnerships that allow for each organization to thrive as an individual entity but also 

thrive as part of a larger network. 
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Figure 15: Text search query of the term “partnership” within respondent answers 

overall. Specific to community cultural organizations, the term “partnership” was coded 

a total of 57 times by 13 of 15 interviewees. Many associations with “partnership” were 

“in partnership with”, indicating the expansive collaboration amongst community 

organizations interviewed for the purposes of this study. 

 

This sentiment of city-wide partnership was also found within the NVivo coding research 

(Figure 15). Responses indicate that the organizations we interviewed are interested in 

collaborative efforts and see partnerships as a component of their organizations. Due to 

the high occurrence of this phrase across interviews, FHS would do well to make more 

efforts to be in partnership with other organizations in this community.  
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Figure 16: Word frequency query on respondent answers to “What is your primary 

mission of your organization?” When prompted to state the organization’s mission 

statement, community cultural organizations were coded as most frequently mentioning 

the word “community”. This demonstrates how community is integral to the mission of 

these cultural organizations. 

 

In total, when each of the 30 organizations was asked to identify other organizations 

that they work with, 69 different organizations were identified overall, with most 

organizations having been named 5.5 times. This demonstrates that perhaps each 

organization has their own confined set of organizations with which they typically work. 

Therefore, FHS should identify about five to six organizations that they would like to 

work with that align best with their mission. 

  

Between the cultural versus environmental/historical organizations, only four 

organizations overlapped in that each of the four was mentioned at least once by each 

group. This demonstrates that these four organizations may all have resources that 

apply to a broader audience not constrained by mission necessarily or intention of 

services. Further, and significant to this study, we would recommend that FHS work with 

these organizations through collaborative efforts for programming that targets both 

groups for cultural purposes and for environmental/historical purposes. 
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When each of the organizations was asked to identify organizations that they work with, 

one organization was mentioned six times, one organization was mentioned four times, 

and one organization was mentioned three times. Two of the three organizations listed 

were interviewed in this study, demonstrating that we have successfully connected with 

some of the dominant organizations within the community of interviewees. This bodes 

well for this research, as we can assume that these organizations provide the most 

resources to the broadest reaching audience of those interviewed. Further, FHS may 

wish to create and/or maintain relationships with the organizations identified due to their 

interconnectedness in Durham. 

 

B. Audience 

 
Figure 17: Organizations overall noted “anyone” as their primary audience, 

followed closely by “youth” as primary audience identified. Both of these 

audience groups were also mentioned across organization type, although more 

environmental organizations mentioned “youth” than “anyone”.  

 

Overall, when prompted to state the organization’s intended audience, respondents 

were allowed to provide multiple groups of people in their answer. The most frequently 

coded answer was “anyone”(13/30 organizations), followed by “youth” and “students” 

(11/30 organizations). In terms of the “anyone” category, this query indicates that, to 

follow in suit with such organizations, FHS would do best to market to a wide audience. 
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Organizations were quoted as saying, “We really try to focus on the whole spectrum of 

ages and races” (Interviewee 17), “from the amateur to the professional” (Interviewee 

20), and “anyone who walks in the front door” (Interviewee 29). 

 

The category of “interest groups” may be defined as hunting/sportsmen, garden clubs, 

birders, community farmers, art enthusiasts, researchers. Although only four of fifteen 

organizations surveyed (27%) noted interest groups as an intended audience, FHS 

could also choose to fill this audience selection, choosing to appeal to a niche of the 

community rather than the community as a whole. This selection may be due to 

resource availability and desirability of the organization. Other “interest groups” 

mentioned, however, include people who already live in the area but who would like to 

learn more about local history. One organization was quoted as saying, “People love 

local history” (Interviewee 8) and another organization noted “We have probably 4, 5, 6 

local professors from State, Chapel Hill, and Duke and they may well be interested in 

the area that they live in, established in, and exploring that more deeply” (Interviewee 

3). Interviewee 3 also acknowledged the idea of working with people that are simply 

passing through who need a “brief” of this area’s particular history (Interviewee 3).  

 

In terms of a minority audience, this was defined to include “people of color”, “diverse 

groups”, “African-Americans” and “underserved” populations. Although many 

organizations began by stating that these populations are included in their primary 

audience, many backtracked and instead identified these populations as target 

audiences and areas where they seek to improve. Organizations are quoted as saying, 

“Frankly the majority of our members and participants tend to be middle-aged and white 

so we’d really like to expand that” (Interviewee 22), “we’ve got a ways to go in diversity 

and diverse programs” (Interviewee 20), and, “we don’t usually have a lot of people of 

color out on our trails, and I think that’s just continues to be a challenge in the 

conservation community but one that we’re readily working on” (Interviewee 17). 

 

In terms of the division between environmental and historical organizations, both tend to 

follow nearly the same curve as organizations overall. However, “young people” is the 

highest-represented audience group within environmental organizations, with seven of 

nine (78%) organizations noting this group as a target audience. Therefore, if FHS 

would like to provide programming targeted toward young people, it would do best to 

collaborate with other environmental organizations in doing so. By contrast, “young 

people” are mentioned by two of six historical organizations (33%), indicating an area 

for FHS to step in in terms of programming efforts geared toward the younger 

generation. 

 

Additionally, “volunteers” was mentioned by four of the six (67%) environmental 
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organizations but was not mentioned by any of the six historical organizations. 

Therefore, if FHS seeks to recruit a volunteer base for an event or would like to provide 

volunteers of their own, volunteer-based projects may lie more heavily in the 

environmental realm than the historical realm. By contrast, if FHS would like to start a 

volunteer base on the historical side of their mission, this is an area that may currently 

be lacking. 

 

 

C. Requested Programming 

 

 
Figure 18: Of the 30 organizations interviewed, 16 organizations identified the 

desire to use the FHS site for their own purposes. The second-highest identified 

use was for FHS to provide speakers/consultants. This involves either a FHS 

representative who may go to the organization to either give a lecture/talk on an 

FHS-related topic or to provide expert knowledge of the contents of the FHS 

archives to benefit the organization.  

 

Overall, of the 30 organizations interviewed, 16 of 30 said they would prefer to use the 

new FHS site for their own purposes as a utilization of the space itself, rather than 

attending programming that FHS would offer. Ideas for use of this space include 
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workshops (Interviewee 9), hosting of events (Interviewees 4, 6), community meetings 

(Interviewee 5), seminars (Interviewee 15), committee meetings (Interviewee 19), 

“brainstorming sessions” (Interviewee 21), and a, “dedicated space for learning” 

(Interviewee 29).  

 

The second-highest request in programming involved “providing speakers/consultants”. 

The interviewees who requested this type of cooperation focused on inviting a member 

of FHS to present at their own organization (Interviewee 17).  Organizations were also 

interested in the expert knowledge of the FHS staff. One organization is noted as 

saying, “I bet there’s someone at FHS who would have knowledge about some kind of 

work and history in this area at that time who would help people look at our buildings in 

a different way and understand where the materials came from and what work would 

actually have to go into creating these buildings” (Interviewee 29) or someone who, 

“could talk about forest resources” (Interviewee 4). 

 

In terms of youth programming, this field encompasses components such as youth 

summer employment, possibly involving trail maintenance (Interviewee 1), internship 

collaborations (Interviewee 30), service-learning programs (Interviewee 30), and a 

destination for teen volunteer hours. Organizations noted the opportunity for, “refugee 

youth that look for summer employment” (Interviewee 1), and, “employ the teens to help 

facilitate some of those things, get some volunteer hours for college applications and 

then it looks good on job applications, some volunteer work in the community, I’d love to 

see them fill in along those lines as well.” (Interviewee 12)  

 

Ideas that were less common but that still may be of interest to FHS include use the site 

as a field trip or summer camp destination (Interviewees 1, 12), a collaboration in tree 

planting events (Interviewees 8, 10), a site to host a training (Interviewee 14), and a site 

to purchase and display local artists’ artwork (Interviewee 9).  

 

Additional ways in which FHS could engage with the community include 

purchasing/leasing art from local artists to put on the walls (Interviewee 9), particularly 

art with an environmental focus or from an artist who is environmentally-focused. To this 

point, one organization asked if FHS, “would be interested in having local artwork from 

local artists who are environmentally conscious” (Interviewee 9) as a means of 

collaboration, such as, “artists who work more with an environmentally-conscious edge, 

where they might be speaking more toward issues of the environment or working more 

with repurposed materials” or, “local artists who paint from nature and go to the Eno 

River and take photographs” (Interviewee 9).  

 

D. Topics (for lectures, for working together) 
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Figure 19: Ideas interviewed organizations would like to advance via a partnership with 

FHS. 

 

In terms of topics for hosting lectures as well as ideas organizations would like to work 

collaboratively with FHS on, organizations most often identified highlighting the “benefits 

of conservation.” This category includes conservation both in terms of historical 

preservation and environmental conservation. One organization noted, “We are 

interested in seeing the urban forest canopy in Durham remain at its current level” 

(Interviewee 21). Another organization stated an interest in, “advancing the idea of 

historic preservation and the benefits of it” (Interviewee 26). 

 

One organization in particular was interested in a collaboration to teach people the 

importance of keeping urban trees in place. This interviewee stated “People like the 

idea of a tree, but the reality of a tree in conjunction with a power line or intersection or 

street light or storm water inlet or sidewalk or the built world, trees always take second.” 

(Interviewee 15). Another organization said they would like to revitalize an exhibition 

focused on saving trees, seeking partnerships to offer programming revolving around 

this topic. The interviewee stated “The Saving Our Trees exhibition was a four-month 

series of programs and educational exhibits and you know we would love to bring that 

back up at some point and offer a series of programs to support that exhibit,” 

(Interviewee 20). It appears that there exists support for this idea amongst other 
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organizations as well, with an additional organization noting, “We are interested in 

seeing the urban forest canopy in Durham remain at its current level,” (Interviewee 21). 

The mention of this shared interest across multiple organizations indicates that this may 

be an area for FHS to promote advocacy of this cause, to involve members of the FHS 

organization in providing programming to go alongside planned exhibitions, to recruit 

members for tree plantings, and to perhaps hold events at the FHS site that educate 

and promote saving trees. This category of “advancing of ideas” may serve as a guide 

for content for lectures, documentaries, photo exhibitions, exhibitions, and planned 

events. The ideas proposed - local history, tree preservation, and Durham urban canopy 

cover - should serve as a guide to the type of content in which FHS could attract visitors 

to their center and where FHS may receive assistance and contribution in planning such 

events. 

  

Additional ideas include a program based on local history (Interviewee 22) and a 

program based on change over time and progression of the landscape, “whether that is 

seasonal or long-term” (Interviewee 23). The singular historical organization that fell into 

this category indicated a focus on “historic preservation and the benefits of it” 

(Interviewee 26). 

 

E. Experienced Difficulties in Programming 

 

 
Figure 20: Within environmental and historical organizations, difficulties most 



77 

often faced include difficulty attracting young people and too much time/effort 

required to complete programming efforts.  

 

Nine of the 30 organizations interviewed identified difficulties in programming efforts, 

which we will use to recommend how FHS should target their own programming goals. 

Overall, difficulties were generally shared between historical and environmental 

organizations, indicating that these difficulties are perhaps not dependent upon overall 

organization mission. This reinforces the fact that FHS should be aware of the 

difficulties experienced by other Durham organizations. Although the total amount of 

organizations that fall within each difficulty category is relatively low, these are still 

important considerations for FHS in the future. 

  

Of those organizations that identified difficulties in programming, 45% of them 

commented on the difficulty in creating programming that brings youth to their cause. 

Organizations are quoted as saying, “There’s a huge disconnect between kids and the 

outdoors,” (Interviewee 18) and, “We typically focus on younger audiences because 

that’s probably our greatest challenge – getting younger folks involved,” (Interviewee 

22). These statements indicate the depth of this issue - that children are perhaps not 

engaged with the outdoors in general. One organization, however, warns against 

shifting of the mission to cater to the younger generation if that is not the intended 

organizational mission. The interviewee is quoted as saying, “I think a lot of people stray 

from their missions in attempt to bring those people in” (Interviewee 29). Therefore, we 

recommend that FHS consider whether bringing in young people is something that they 

would like to do in the first place. If FHS does not see youth as a central component of 

their goals, then this difficulty becomes obsolete. However, if FHS decides that 

providing space for youth programming falls within their mission, we recommend that 

FHS acknowledge that this is a shared difficulty amongst interviewed organizations and 

may require additional effort. We also suggest that FHS speak with peer organizations 

who share this difficulty. 

 

The second most-cited difficulty was “too much time/effort”, which was coded to include 

specific events that organizations identified to be too time-consuming, namely 

curriculum development (Interviewee 21), classroom visits (Interviewee 21l), and 

lunchtime lectures (Interviewee 28). As a solution, one organization noted their previous 

difficulty in time management, feeling that the organization was spreading too thin. 

Therefore, this organization decided to prioritize their efforts to get more exposure in 

larger events rather than tabling at smaller events (Interviewee 22). Similarly, we would 

suggest that FHS prioritize its efforts if there are time and efforts constraints. Rather 

than attempting to accomplish multiple events, we suggest choosing one or two types of 

programming to pursue intensively. 
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F. Trails 

Of the 30 organizations interviewed, eight organizations were interested in the 

possibility of a trail. Three organizations specifically mentioned that they had (or 

previously had) a trail on their site. Uses for these trails differed from a “living history” 

trail by which visitors would learn about the traditional uses for the trails and roads being 

walked (Interviewee 24), to a simple path used by researchers during lunch breaks 

(Interviewee 3), to a “storywalk” which incorporates signage that reads a book to visitors 

along the trail (Interviewee 8). Of the eight groups expressing interest, two are 

environmental organizations, two are historical organizations, and four are community 

cultural organizations. 

  

G. Staff Capacity 

Overall, seven of 30 organizations interviewed noted difficulty in staff capacity. Of these 

organizations, three were community cultural organizations and four were historical 

organizations. Three community organizations noted that they were run almost entirely 

on volunteers (Interviewees 1, 7, 9) while four noted that they had limited staff, noting, 

“We’re very limited on staff” (Interviewee 24), and in one organization, there are, “only 

1.5 paid employees, mainly volunteers” (Interviewee 28). This demonstrates that FHS 

should acknowledge the lack of capacity within certain partner organizations. If time 

allows, perhaps FHS could fulfill a need in areas where these staff-constrained 

organizations need assistance. Further, if FHS is concerned regarding their own 

capacity to execute recommendations suggested through this project, some of the 

organizations listed here provide good examples of the incorporation of volunteers as a 

means of accomplishing tasks. 
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Community Cultural Organizations 

 

A. Working with Youth 

 

 
Figure 21: Word tree for “youth” as mentioned by community cultural 

organizations. The term “youth” was coded 29 times by 8 of 15 interviewees. This 

indicates that many of the organizations express an involvement with youth in 

some capacity, although there remain some organizations that do not.  

 

Of the fifteen total community cultural organizations interviewed, we identify 7 of the 15 

to be service-based organizations. Service-based organizations work predominantly 

with people who are underserved and/or in socioeconomic need and whose mission 

statements further reiterate that point. Of the 8 centers coded as mentioning “youth” in 

the above text search query, 7 of those centers were considered to be service-based. 

Thus, every service-based organization interview in this study mentioned “youth” in their 

responses. If FHS seeks to work alongside organizations with a focus on underserved 

or underrepresented populations with a component of service, creating initiatives toward 

youth would heed them well.  

 

A number of organizations also commented on their struggle to attract youth to their 

organization. Quotes include: “We also need to make efforts to make this a more 
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inclusive and welcoming environment for the younger generations,” (Interviewee 9), “I 

think we really need to be letting the younger folks impact and make the impact that 

they will have in terms of making change,” (Interviewee 9), and “…there’s the ever-lucid 

millennials,” (Interviewee 30). One organization noted that perhaps this younger 

generation is in a time of their lives in which they have a larger set of competing 

demands, noting that “It’s very hard to get working with them because they’re busy 

getting themselves published in a profession” (Interviewee 10).  

 

Two separate organizations noted a possible solution to this problem in bringing young 

adults into leadership roles. One organization noted, “Our board is a much younger 

board and I think that’s served us well in the past couple of years toward that end” 

(Interviewee 9), while the other noted, “How do we get engaged with some of the 

younger people either as leaders chairing our committees, our boards?” (Interviewee 

30). 

 

 

 
Figure 22: Word cloud in response to asking organizations, “Who is your primary 

audience?” In the query above, “students” were coded as the primary audience 

when interviewees were asked to describe who comprises their primary 

audience. The group coded “students” included “refugee students” (Interviewee 

1), “Graduate students in the humanities” (Interviewee 3), “Nicholas School 

Students” (Interviewee 4), undergraduate students (Interviewee 4), high school 

students (Interviewee 9), and master’s students (Interviewee 14).  
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 B. Needs 

 

 
Figure 23: Word tree for mention of the word “space” in interviews. Primary 

needs across all 30 organizations interviewed revolved around the need for 

space, predominantly “meeting space”.   

 

Overall, there were 29 references coded to the need for “space”. Respondents were 

quoted as noting the desire for meeting space specifically: “looking for a space to have 

some events,” (Interviewee 1), “we don’t have a space to hold big events,” (Interviewee 

4), “We have a need for meeting space, especially in a nice area,” (Interviewee 5), “If 

there’s an outdoor space, that could be something,” (Interviewee 5), “We could use the 
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space for a cultural event,” (Interviewee 6), “a sustainable space” (Interviewee 7), “wall 

space” (Interviewee 7), “free space for local nonprofits” (Interviewee 9), “nonprofits need 

a space for a retreat” (Interviewee 9), and “a space to have large action meetings” 

(Interviewee 3). Nine of the 15 organizations interviewed were coded as referencing a 

need for “space”.  

 

 
Figure 24: Self-identified needs of organizations. Within the 15 cultural 

organizations interviewed, nine organizations noted the need for meeting space 

specifically. Within each of these nine interviews, the phrase “meeting space” 

was coded 20 times. 

 

When asked what the organization’s primary needs are at this point in time, 

organizations were coded as needing funding (5 mentions over 3 organizations), 

additional staff (3 mentions over 2 organizations), and ADA accessibility (1 mention 

from 1 organization).  

 

When asked about types of programming that the organization would be interested in 

attending, four organizations specifically noted that they would specifically not be 

interested in the types of programming described by the interviewer (lecture series, 

photo exhibitions, documentary screenings). One reasons for this response was that it 

would be inappropriate for their primary audience, noting, “Most of our clients are 

basically learning how to survive in the US, so they have a different set of interests,” 
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(Interviewee 1) and “When they’re kind of in the middle of crisis, it makes it difficult for 

people to be able to make it out to community events,” (Interviewee 7). Both 

organizations had a focus on assisting those in crisis. One such organization, however, 

noted that they would be interested in attending a lecture series if it, “…has something 

to do with immigration then we’d be interested,” (Interviewee 1) and “Different providers 

will come in on the topics of jobs, housing, and mental health and they’ll talk about the 

services that they provide and we also have a list of resources that people can contact 

to help them whether it’s with IDs or with housing or jobs,” (Interviewee 12). An 

additional barrier noted was the inconvenience of traveling off-campus for a student-run 

organization. The interviewee noted, “I feel like our audience is so Duke-focused that 

having an event off-campus, I don’t know how much attendance there would be.” 

(Interviewee 6) 

 

 

Environmental and Historical Organizations 

A. Programming Currently Offered 

 

 
Figure 25: Programming offered by interviewed organizations. Among the 

environmental and historical organizations interviewed, programs most often 

offered included “one-time events” and “lectures”. However, it is significant to 

note the large number of types of events held across the environmental/historical 

community in Durham as well.  
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Overall, when we asked which types of programming the organization offered, 

organizations most often cited “one-time events” and “lectures” (respectively cited from 

six of 30 organizations). Therefore, “one-time events” and “lectures” were cited by 20% 

of organizations interviewed. The term “one-time events” was coded to include things 

such as a roundtable event in which community member experts come to speak for five-

minute presentations on their opinions, insights, and knowledge regarding the 

predetermined topic (Interviewee 17). Another such “one time event” includes an adult 

after-hours program focusing on the science of beer or wine, for example (Interviewee 

23). Further, events such as outdoor festivals for summer or Christmas (Interviewee 

25), home tours in the Spring (Interviewee 28), and historical reenactments and 

demonstrations (Interviewee 29) were all named in this category. These one-time 

events were mentioned more frequently by environmental organizations than historical 

organizations. If FHS wishes to participate in or hold one-time events of their own, they 

may look to the offerings of the four environmental organizations. FHS can model their 

own programming off of these ideas, or may lend a hand in programming that plays 

most into FHS’s central mission.  

 

Specifically, FHS may participate in Interviewee 17’s roundtable topic event, proposing 

a topic involving forestry or forest history. Further, FHS could look into holding a similar 

roundtable event of their own with a forest history bent. However, one organization 

advised against the fall season for hosting events, stating “There are so many festivals 

going on in September and October that we’d steer clear of events that have that theme 

and instead just do something different” (Interviewee 24).  

 

The category of “lecture” was mentioned by six organizations in total (20% of total 

organizations interviewed). Lecture topics included meeting a female environmentalist 

and learning about her job (Interviewee 17), deer conservation and pollinator lectures 

(Interviewee 18), lectures by people who have recently traveled and who wish to share 

their adventures (Interviewee 22), readings of primary source material (Interviewee 29), 

landscape history (Interviewee 29), and “emancipation and reflection on the end of 

slavery” (Interviewee 29). While FHS already offers lecture series at the Nicholas 

School, FHS could also join the 20% of organizations who offer lectures at their own 

headquarters. Alternatively, FHS could form partnerships by contributing information to 

be presented at lectureships hosted by other organizations. 

 

The categories of “exhibits”, “workshops”, “hosting students”, and “guided walks” were 

each mentioned by four different organizations. Some workshops currently offered in 

the community include pollinator garden workshops and building of bee hotels 

(Interviewee 21), and a workshop on the tools and craftsmanship practices of enslaved 
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peoples (Interviewee 29). The other organizations who mentioned “workshops” as a 

particular type of programming that they offer did not delve into the specifics regarding 

workshop content. To those that did specify, however, FHS may contribute by providing 

environmental and historical information from the archives to relevant workshops. 

Second to “lectures”, the category of “workshops” was most often noted by historical 

organizations. Therefore, if FHS intends to focus more on the historical side of their 

mission, we recommend either hosting workshops of their own or participating in 

workshops in the local historical community.  

 

In terms of hosting students, organizations noted that they host summer and school 

camps (Interviewee 23), serve as a destination for a field trip to supplement curriculum 

content (Interview 24), and teach school students about the role of water historically 

(Interviewee 29). According to this study, the term “student” and its iterations was 

mentioned by 11 of the 30 organizations interviewed (37%). Of these organizations, 

three were historical while eight were environmental. These numbers demonstrate the 

culture of hosting students at these organizations within the Durham community. 

Therefore, to follow on this trend, we recommend that FHS allow students to visit the 

new site. FHS could compile information from the archives which may serve to 

supplement the information students are learning in their classrooms. Furthermore, FHS 

may host the students for field trips, educating them about the history of the local area. 

Students were identified to be both home-schooled students and public school students 

(Interviewee 23).  

 

FHS may also serve as a destination for guided walks. Types of guided walks 

mentioned by interviewed organizations included guided bird walks (Interviewee 22), 

living history programs (Interviewee 24), and tours of organizational headquarters such 

as museums (Interviewee 29). In terms of bird walks, FHS may serve as a trail 

destination if FHS chooses to build an educational trail on the property. FHS could be a 

bird-watching locale, offering their trail as a destination to Interviewee 22. Further, if 

FHS chooses to create an educational trail with content involving the natural history of 

this area, it may also serve as a destination for historical groups in the area. Lastly, 

following in the steps of Interviewee 29, FHS may wish to host guided walks of their own 

through their own trail system, highlighting points of interest along the path.  
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B. Areas for Collaboration 

 

 
Figure 26: Organization-identified areas for collaboration. Within environmental 

and historical associations, areas that organizations identified would be good 

areas for collaboration include “advancing of ideas” and “desire for space”. In 

terms of “advancement of ideas”, the organizations primarily did not have a 

specific idea on how to collaborate, but rather noted topic areas where a type of 

programming could promote it.  

 

In terms of utilizing meeting space, one organization notes, “We always love working 

with groups that have space or a venue of some kind to do some programming off-site 

where we can get in front of people in a different neighborhood on a different side of 

town,” (Interviewee 29). In terms of providing speakers, interviewees often noted the 

need for people familiar with the FHS archives who may be able to provide information 

relevant to their organization. One interviewee noted a desire to speak “…with someone 

who has a lot of familiarity with the Forest History Society archives who would really 

know what they have that would pair well with our work,” (Interviewee 29). 

  

In terms of other areas for collaboration, the need for space was most cited by the 

environmental organizations interviewed (56% of environmental organizations). 

Organizations note the need for space for “monthly training sessions” (Interviewee 19), 

“host[ing] seminars or workshops” (Interviewee 15), “board member style room” 

(Interviewee 21), and, “a dedicated space for learning” (Interviewee 22). Most 
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organizations interviewed also noted the need for a larger meeting space than simply a 

typical conference room. 

 

Additionally, four of the nine environmental organizations (45%) noted that they would 

be interested in attending FHS-facilitated programming. Of these organizations, the 

most popular program was a lecture-style series (four mentions), followed by a few 

organizations noting interest in movie screenings, guided walks, and photo exhibitions. 

  

Lastly, the desired programming that received the most mention from historical 

organizations was “consulting”. This term was coded to include the request for someone 

who is, “…knowledgeable about the types of wood, the ways they were used, making a 

basket from a Poplar tree or something to that effect” (Interviewee 24) and, “I bet there’s 

someone at FHS who would have knowledge about some kind of work and history in 

this area at that time who would help people look at our buildings in a different way” 

(Interviewee 29). 

 

C. Uncategorized Recommendations from Organizations 

Various recommendations were made to our team as the organizations were 

interviewed. These recommendations were on a broad variety of topics and could not 

be categorized within our coding schema. Therefore, we present the recommendations 

anecdotally here.  

 

One organization that frequently visits trails noted that they would probably not be 

interested in a short trail at the FHS site, but would be interested in hiking the FHS trail 

only if it was connected to a larger trail network. The distance between the new FHS 

site and the closest trail (the Al Buehler Trail) is approximately one mile and an 

approximately 18 minute walk. However, there currently does not exist a designated 

path or sidewalk from the FHS site to the closest portion of the Al Buehler Trail. 

 

A separate organization noted their lack of understanding of the mission of the Forest 

History Society due to the lack of description in the organization name. Regarding the 

organization name, the interviewee said, “[The name] is a little hard to wrap your hands 

around if you’re unfamiliar,” (Interviewee 17). FHS could use community engagement 

efforts as a way to market the mission of the organization. One organization 

recommended that FHS “…be the headliner or be a co-sponsor of something in order to 

have a much larger voice” (Interviewee 22).  

 

One organization suggested working with the plethora of local graduate students for 

assistance in programming and giving presentations. The organization recommends to 

work with, “students who are in graduate school that are involved in local groups and 



88 

also bring a lot of expertise and when you’re in that situation you’re open to giving 

presentations and helping with programming” (Interviewee 18). The organization 

recommends capitalizing on the expertise of the graduate students in the local area, 

utilizing their skills and interests to add to or even facilitate programming held at FHS. 

FHS already has a relationship with the Master of Library Science programs at the 

University of North Carolina, North Carolina Central University, and the University of 

North Carolina Greensboro after having worked with volunteer interns in the past. We 

recommend that FHS continue these relationships, assessing the skills of those 

students enrolled in such programs and designing programs where said students may 

be of assistance. 

 

Building on this idea, one organization noted that they held four-month long rotational 

programming and recommended that this could be a feature for the new FHS 

headquarters site. The organization said they hold “…programs that focus on some 

issue around our mission. One that we just finished up in 2017 was saving our seas, 

and before that I think it was saving our birds,” (Interviewee 20). In displaying materials 

from the archive, FHS could also rely on local graduate students from the library 

science programs to help curate exhibits. This would allow for the archives to be 

highlighted and displayed in new way and may also encourage visitation at the FHS site 

through shifting of various themes throughout the year. 

 

Organizations also suggested exhibitions and programs that bridge the gap between 

science and art. One organization described a program that they previously held, noting 

that “A program with a four-month focus that brings the arts and the science together 

was just a very rich opportunity for information gathering…[It] is extremely successful 

both in informing the public but also in revenue” (Interviewee 20). This point was 

reiterated by an interviewee from a separate organization who noted “We have a gallery 

downstairs in our block building with art exhibits and they have an overlap between 

science and art and earth/space and so…there are things that are visually interesting” 

(Interviewee 23). Ideas that may bridge the art/science gap include those referenced in 

the discussion regarding “Organization-Identified Areas of Collaboration” in the cultural 

community organization section. 

 

Further, one organization noted their role as “content advisors” for various organizations 

within their local community who, “wanted [us] to develop some programs for [the other 

organizations]” (Interviewee 22). In this way, FHS may also provide content to various 

organizations who would like to supplement their programming with information 

regarding forests, forest history, and/or local history.  

 

If FHS aims to target a younger audience, one organization recommends inclusion of 
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younger members throughout the organization and on the FHS Board. The interviewee 

noted their own organization’s experience, saying “Someone else on our board is a 

former high school biology teacher and they’ve been a great addition in making 

progress toward getting younger people involved,” (Interviewee 22). Therefore, FHS 

may reassess the makeup of the Board of Directors and those involved in the 

organization as a whole, particularly as the new site is built, to integrate a younger 

generation. 

 

In terms of times of day during which to host programming, one organization 

recommended adjusting to the time frame that best suits the target audience. This 

interviewee stated “Teenagers don’t want to wake up at 6/7AM on the weekends so 

that’s the optimal time for birding, but we could do an afternoon activity which may 

attract more people,” (Interviewee 22). Additionally, one organization noted the lack of 

need to host programming on weekends due to the lack of school groups (Interviewee 

24). Therefore, when initiating programming efforts, we recommend that FHS be 

conscious of the target audience and plan accordingly. 

 

Three organizations (all categorized as historical organizations) specifically mentioned 

trouble with staff capacity, noting that they are, “very limited on staff” (Interviewee 24), 

and that one organization has “only 1.5 paid employees, mainly volunteers” (Interviewee 

28). In acknowledging that FHS may have limited staff capacity in terms of designing 

programming and community engagement activities, we recommend a few potential 

paths for FHS to take. The three organizations with limited staff still host a variety of 

programming, from school visits (Interviewee 24), educational outreach in the form of 

newsletters (Interviewee 26), and home tours (Interviewee 28). Further, two of the three 

organizations in this staff capacity category noted “one-time events” as a type of 

programming offered, which may indicate that planning for a single event rather than 

hosting events throughout the year is easiest for organizations with limited staff 

capacity. One organization in particular noted the need to rely upon other organizations 

to fill in the gaps where the organization cannot perform, noting, “I think we sort of lean 

on [peer organizations] a bit to fill the void” (Interviewee 26). Building on this, the same 

organization notes that even more so than other cities, Durham fosters a strong 

collaborative and supportive environment amongst the preservation community. The 

interviewee stated “In a lot of cities, [leaning on each other] is not the case” (Interviewee 

26). This city-wide feeling of collaboration was echoed by two separate organizations, 

one of whom said “There’s really been a recognition around community conservation” 

(Interviewee 17) and another of whom stated “I know there’s a big appetite in Durham 

right now for historical programming and inequity interpretation, understanding the role 

of race and the environment and that that kind of programming,” (Interviewee 29). 

Therefore, we recommend that FHS build upon the desire for community conservation 
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and historical programming through initiatives of their own while also working within the 

close-knit historic community in Durham. 

 

Lastly, in terms of trail sign content, one historical organization recommends working 

with what is already present within the site boundary lines. The organization 

recommends taking note of “…what exists within your site lines, what is relevant to the 

space that you are in” (Interviewee 27) and using that to create trail signage content. 

Further, the organization recommends creating a story of narratives along the trail 

rather than stating simple facts. The organization notes “It’s more interesting to read a 

person’s perspective on a time in history, rather than just hearing the facts...it’s more 

fun to hear the story. People love a narrative,” (Interviewee 27).  

 

Discussion 

Overall, the interviewed organizations shared an air of collaboration and partnership. 

Most organizations named their primary audience as “anyone,” followed by mention of 

“youth” and “students”. When asked which types of FHS-facilitated programming people 

would be most interested in, organizations overall did not identify one particular 

programming effort, but rather identified the need for space to use for their own 

purposes. Organizations also identified the desire for FHS to provide consultants or 

speakers who could speak to the contents of the FHS archival collections. 

Organizations interviewed would like to collaborate on the advancement of certain ideas 

in the community such as the benefits of conservation, but did not identify the ways in 

which they would like to collaborate on ideas. Organizations also noted the difficulties 

experienced in program planning, such as in attracting youth to programming efforts, as 

well as the time and effort required for such planning processes. Of those interviewed, 

eight of the 30 organizations expressed enthusiasm for an educational trail at the new 

FHS headquarters site. Seven of the 30 organizations interviewed raised the concern of 

staff capacity, in terms of being run predominantly by volunteers or part-time staff, in 

their organizations and how this has influenced their overall success.  

 

Within the environmental/historical organizations, the predominant programming 

currently offered is one-time events (such as festivals, yearly roundtable public events, 

and concerts), followed by lecture series as second-most prominent. In terms of ideas 

for collaboration with FHS, organizations did not offer specific programming, but instead 

predominantly wish to work toward a joint idea, such as conservation or local history. 

Within the cultural organizations, youth and the need for youth involvement at Durham 

organizations was mentioned repeatedly. The predominant need stated by the cultural 

organizations was meeting space, more so than potential programming offered by FHS. 
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Lastly, organizations presented a number of uncategorized recommendations which we 

believe may help FHS further their mission through the use of their new site. These 

recommendations include: 1) the importance of connecting the FHS educational trail to 

a larger trail network, 2) educating the community about what FHS does, 3) working 

with local graduate students to lead programming efforts, 4) integrating artistic 

components at the new headquarters to support the local art scene, 5) including 

younger people on the Board, and 6) acknowledging and being realistic about 

capabilities as an organization prior to implementation. 

Limitations 

In total, 34 organizations did not respond to interview requests. Further, organizations 

were contacted primarily through email, which did not incorporate those organizations 

that were unreachable by email but may have provided valuable insights toward this 

research. Due to the semi-structured nature of the interview questions to allow for 

elaboration and probing by the interviewer, some questions were deemed inappropriate 

by the interviewer and were therefore not asked, which may have skewed the results 

and analysis. Additionally, due to the nature of the telephone interview, the in-person 

rapport was not established between interviewer and interviewee, which may have 

resulted in truncated answers from the interviewee.  

 

When asked the breadth of programming offered and audience served, organizations 

may have expressed a fuller breadth of options and audiences than are actually 

provided/served in an effort to paint the organization in flattering light. Due to the time 

frame of the interviews (December 2017 to February 2018), some organizations who 

were contacted over the course of the holiday were unresponsive and therefore may 

have been unavailable to a greater degree than those organizations contacted outside 

of the holiday times. There may also have been ambiguity in the questions asked of 

respondents and/or confusion over terms such as “programming offered”. 

 

Reliability of the theme definitions during the formulation of the thematic framework 

could have increased through integration of a second and/or third research partner. The 

step of agreed definition of node content would assist in replicability of the study. Due to 

time constraints of the study, this step was skipped and a single coder was used for 

qualitative analysis. Inherent to the design of qualitative research, while re-reading 

interviews and categorizing text into themes, some ambiguities in word meaning and 

absence of notes on tone/implications may have pushed the coder to incorrectly 

categorize the text. Further, although the step of “refamiliarization of the data” was 

taken initially in re-reading interviews prior to creation of the thematic framework, bias in 

recalling themes or portions of interviews cannot be eliminated entirely.  
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Due to the small sample size of 30 organizations in relation to the number and diversity 

of organizations across the region, the results from the organizations sampled likely do 

not capture the full extent of organizational capacity in Durham. Further interviews of 

Durham and region-wide organizations are suggested. 
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Overall Recommendations 

1. Forest Inventory and Modeling  

Through our forest inventory and forest modeling, we discovered that the proposed 

Selection Harvest scenario accelerated the forest’s transition to an oak-hickory forest 

type and reduced fire risk and hurricane damage to the property under both the no 

hurricane and hurricane scenarios. For these reasons, we propose that FHS follow 

through with the following recommended management options:  

 

● (1) overstory thinning of all red maple, loblolly pine, sweetgum, and yellow poplar 

that are between the size class of 6 to 22” in Diameter at Breast Height (DBH) in 

Stand 2 (mixed hardwood stand), (2) overstory thinning of all shortleaf pine and 

loblolly pine that are between the size class of 6 to 22” in DBH in Stand 3 (mature 

pine stand), (3) 5 years after management, remove all pine seedling regeneration 

in both Stands 2 and 3 by using chemical, mechanical, or prescribed burn 

treatments.   

 

● Before conducting any management, it is suggested that the Forest History 

Society reach out to the Duke Forest to explore management options, as FVS 

does not always recommend management that is logistically feasible. Trained 

staff at the Duke Forest can be very helpful in arranging a logging crew to 

execute the proposed management, and to provide additional expertise on 

proper selection harvest management (Duke Forest contacts provided in 

Appendix G).  

 

● If FHS decides not to implement official management activities on the property, 

there should still be single-tree removals of high risk trees and fallen trees to 

ensure the safety of visitors and to minimize the risk of damage from fire and 

hurricanes over time. Additionally, when a hurricane event occurs, salvage 

operations should be conducted to minimize increased fire risk on the property.   

 

● Lastly, we suggest that FHS incorporate the findings from the forest inventory in 

educational/interpretive material at the site.  

 

2. Trail Planning 

Through field work, we identified several potential interest points and trailheads on the 

property. Through the GIS analysis, we created three potential routes for an interpretive 

trail on the property. There are many other possibilities for a trail, and FHS is 

encouraged to identify points on the property that fit best with their interests for the 

interpretive trail. The trail users survey also revealed a number of important pieces of 
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information about the potential audience for the FHS trail. Trail planning 

recommendations were formulated using information from both the GIS analysis and the 

trail users survey. 

 

● Determine the specific purpose of the interpretive trail. While the majority of 

survey respondents stated that 1-3 miles is their ideal trail length, the size of the 

property will likely only allow for a trail length of about three quarters of a mile, 

potentially one mile at maximum. A short trail is still appropriate for educational 

purposes and would be a great resource for hosting school groups. If FHS is 

more interested in using the trail to attract general walkers/hikers, then focus on 

connecting the trail to the larger Durham trail network (and potentially the nearby 

Al Buehler Trail). 

 

● Cut costs on trail building by partnering with a local Boy Scout Troop. 

Much of the trail construction could be completed via an Eagle Scout project 

(local Boy Scout Troop contacts provided in Appendix F). 

 

● Appeal to the interests of the Durham community. For example, several 

respondents from the trail users survey mentioned birding as a primary reason 

for visiting trails in Durham. Additionally, the majority of respondents stated that 

they would be interested in visiting an interpretive trail that provided information 

on North Carolina’s conservation history. 

 

● Advertise the trail widely, but take advantage of the proximity of the 

neighbors. Approximately 65% of respondents from the trail users survey said 

they traveled 0-5 miles to access a trail, and 15% of respondents walked to the 

trailhead via their homes. People like using trails close to their homes. In 

addition, 54% of respondents found out about the trail they were using via word 

of mouth. The FHS headquarters site is surrounded by neighborhoods full of 

families, retirees, and other potential users. These audiences are not just 

potential users but also good resources for getting the word out about the trail. 

 

3. Community Outreach 

These recommendations are based upon the analysis of interviews with 30 community 

organizations. It is important to note that these results apply solely to the 30 

organizations interviewed and are not representative of all community organizations in 

Durham. FHS should choose recommendations to prioritize during the building of the 

new headquarters and follow through with other recommendations over time. 

 

● Integrate the phrase “community” into the FHS vision/mission statement 
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and/or communicate to the community that this is part of your mission. 

FHS does not currently include the word community within its mission and values 

statements. While the mission statement acknowledges that FHS aims to 

“disseminate” information and “help people use the documents of forest history” 

(Forest History Society, 2018), the FHS could take a step further in identifying 

work with the community as integral to their work. In our interviews, we found that 

the term community was almost always present in the mission statement of the 

organizations.  

 

● Identify 5 organizations that FHS would like to work with predominantly. 

Through our interviews we found that most organizations partnered with 5-6 

other organizations predominantly, indicating that this is an effective approach for 

collaboration in the Durham community. Such partnerships will allow for greater 

exposure for FHS and enhanced outreach abilities. 

 

● Allow area organizations to use the FHS site for their own purposes. A 

significant portion of the organizations interviewed acknowledged the need for 

meeting space and the limited space available to them. FHS could set up a 

partnership system where local organizations in need could use the open spaces 

(such as meeting rooms) at the new site in exchange for co-hosting other events 

or otherwise sharing resources.  

 

● Acknowledge your capabilities and prioritize events/outreach efforts. The 

main difficulties faced across the interviewed organizations involved a high 

amount of time and effort involved in facilitating programming. Individually, 

organizations also noted the need to identify staffing capabilities for such events 

and the pre-work associated with event-holding. FHS should identify what staff 

capacity they have in hosting and organizing events, and prioritize a few large 

events and outreach efforts. 

 

● Aim to create opportunities for youth involvement. Many organizations 

identified youth as a primary audience (it was the second most common answer 

when we asked about target audience). However, the main difficulty in 

programming efforts involved difficulty attracting youth. Therefore, FHS should 

seek out opportunities to work with youth. Suggestions from community 

organizations include hosting volunteer events for students, student internships 

over the summer, partnering with library science graduate students, and 

integrating young adults into the FHS Board.  

 

● Be willing to work with anyone. The target audience most cited among 
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interviewed organizations was “anyone”. Marketing to all ages is an effective 

strategy for partnering with organizations with differing purposes and it also 

presents FHS as an organization open to collaboration.  

 

● Identify a few different types of programming FHS would like to do, one of 

which should be hosting a big one-time event. In investigating types of 

programming currently offered by Durham community organizations, we 

identified about 15 different types of programming. The most commonly cited 

programming effort identified by organizations was “one-time events,” such as 

Fall Festivals or annual home tours. FHS should choose a type of programming 

that best fits their mission and work to host one large event per year that 

communicates what FHS does as an organization. This event could also help 

further collaborative efforts with partner organizations. 

 

● Clearly communicate what it is that FHS does. This will allow other 

organizations to seek areas for collaboration with FHS. Several organizations 

interviewed were unsure how to work with FHS due to their lack of knowledge 

about what FHS does. 

 

● Take advantage of local undergraduate and graduate student assistance. 

The Triangle region is home to a number of higher education institutions. As FHS 

has done previously with NC State and Duke, we recommend that FHS work with 

local graduate and undergraduate students to assist in development of outreach 

programs. This work could come in the form of internships, thesis projects, and 

community service projects. 

 

● Integrate local art components. Interviews with local arts organizations showed 

that many arts organizations are eager to partner with local nonprofits that are 

willing to display their work. FHS could easily work with local art organizations to 

integrate art components that involve forests and/or the use of forest materials. 

Such pieces could be displayed decoratively in the headquarters building and 

would showcase partnerships with local arts organizations.  
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APPENDICES 

Appendix A: Aerial Photos & Map of Site 

 
Figure 1.  Aerial photo taken during 1940 - estimated property location under the 

number 207 (top right corner). Academy Road seen left side of picture. Note, 15-501 

Business Road was not built yet but would cut through center of photo.  

   
Figure 2. Aerial photo of property site 1955: Parcel bounded by academy road (vertical 

road left side of photo) and 15-501 Business Road (diagonal road at bottom of picture). 

Property still forested. 
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Figure 3. Aerial photo of property site 1972: More development takes place to the south 

of the property and 15-501 Business Road. Property still forested as in 1955.   

 

 
Figure 4. Map of 2017 Forest Inventory.  
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Appendix B: FVS Model Parameter and Outputs 

Table W: Management Suggestions in FVS 

 

 Stand 2 Selection Harvest: 

1. Thin all loblolly pine, yellow poplar, sweetgum, and red maple between 6” to 22” in DBH 

in year 2018.  

2. Girdle/ chemically treat loblolly pine seedling regeneration in year 2022.  

 

Stand 3 Selection Harvest:  

1. Thin loblolly and shortleaf pine between 6” to 22” in DBH in year 2018. 

2.  Girdle/chemically treat loblolly and shortleaf pine seedling regeneration in year 2022. 

  

 

Table X:  Fire Severity Model Key 

Fire 

Severity 

key 

Wind 

(MPH) 

Temp 

(F) 

Moisture 

conditions 

(%) by size 

class 

            

 Class 

sizes: fuel  

    0-2.5" 0.25-

1" 

1-3" 3"+ Duff Live 

Woody 

Live 

Herb 

Severe 20 70 5 7 12 17 40 55 55 

Moderate 8 60 7 9 14 20 100 100 100 

 

No Management - No Disturbance Output Tables 

Table Y: Stand 1 Composition (all values in per acre estimates). All volume was 

removed for development and was not projected any further.  

Year Forest 

Type 

# 

Trees 

BA Top 

Ht (ft) 

QMD 

(in) 

Merch 

(Cu ft) 

Mortality 

(Cu ft) 

TPA 

Dominants  

Volume 

Dominants 

2017 Loblolly 

Pine 

663 66 87 4.3 1916 0 31% 

Dogwood 

40% 

Shortleaf  

Pine 
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Table 1-a: Stand 2 Composition (all values in per acre estimates). 

Year Forest Type # 

Trees 

BA Top 

Ht 

(ft) 

QMD 

(in) 

Merch 

(Cu ft) 

Mortality 

(Cu ft) 

TPA 

Dominants  

Volume 

Dominants 

2017 Sweetgum

/ Yellow 

Poplar  

1022 92 97 4.1 3061 12 31% 

White 

Oak 

41% 

Sweetgum 

2022 Sweetgum

/ Yellow 

Poplar 

971 107 99 4.5 3372 20 31% 

White 

Oak 

41% 

Sweetgum 

2042 White Oak- 

Red Oak - 

Hickory 

726 163 104 6.4 4453 31 30% White 

Oak 

38% 

Sweetgum 

2047* White 

Oak- Red 

Oak - 

Hickory 

656 167 104 6.8 4665 31 30% 

White 

Oak 

37% 

Sweetgum 

2067 White Oak- 

Red Oak - 

Hickory 

460 182 106 8.5 5573 34 29% White 

Oak 

32% 

Sweetgum 

2092 White Oak- 

Red Oak - 

Hickory 

305 192 107 10.8 6707 58 26% White 

Oak 

27% 

Sweetgum 

2097* White Oak- 

Red Oak - 

Hickory 

278 192 107 11.3 6863 57 25% White 

Oak 

26% 

Sweetgum 

2117 White Oak- 

Red Oak - 

Hickory 

200 192 109 13.3 7307 60 25% Sugar 

Maple 

22% 

Sweetgum  

*Years in the hurricane scenarios when a hurricane would take place.  
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Table 2-a: Stand 2 Fire Severity and Fire Risk (all values in per acre estimates) 

 Fire Severity Fire Risk 

Year Flame 

Length (ft) 

Surface: Sev  

Flame 

Length (ft) 

Surface: 

Mod 

Mortality 

%BA: Sev 

Mortality 

%BA: 

Mod 

Mortality 

(Merch cu 

ft): Sev 

Mortality 

(Merch 

cu ft): 

Mod 

Total  

surface 

fuels 

tons/acre 

2017 5 2.2 24 21 500 479 81 

2022 2.1 1 25 24 496 495 89 

2042 4.4 2.6 35 30 635 614 137 

2047* 4.5 2.7 34 29 687 660 144 

2067 4.6 2.8 29 25 895 875 168 

2092 4.6 2.8 24 22 1148 1090 191 

2097* 4.6 2.8 23 21 1174 1112 194 

2117 4.5 2.8 20 19 1184 1140 203 

*Years in the hurricane scenarios when a hurricane would take place.  
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Table 3-a: Stand 3 Composition (all values in per acre estimates) 

Year Forest 

Type 

# 

Trees 

BA Top 

Ht (ft) 

QMD 

(in) 

Merch 

(Cu ft) 

Mortality 

(Cu ft) 

TPA 

Dominants  

Volume 

Dominants 

2017 Loblolly 

Pine 

703 68 87 4.2 2070 2 17% 

Hickory 

41% 

Loblolly P 

2022 Loblolly 

Pine 

697 82 91 4.6 2405 2 16% 

Hickory 

41% 

Loblolly P 

2042 Loblolly 

Pine/ 

Hardwood 

630 142 100 6.4 3783 9 16% 

Hickory 

40% 

Loblolly P 

2047* Loblolly 

Pine/ 

Hardwood 

610 154 102 6.8 4148 9 16% 

Hickory 

40% 

Loblolly P 

2067 Loblolly 

Pine/ 

Hardwood 

549 198 107 8.1 5816 15 15% White 

Oak 

36% 

Loblolly P 

2092 Loblolly 

Pine/ 

Hardwood 

400 220 110 10.1 7375 61 15% White 

Oak 

32% 

Loblolly P 

2097* Loblolly 

Pine/ 

Hardwood 

368 220 110 10.5 7537 63 15% White 

Oak 

32% 

Loblolly P 

2117 Loblolly 

Pine/ 

Hardwood 

270 220 111 12.2 8038 67 14% White 

Oak 

31% 

Loblolly P 

*Years in the hurricane scenarios when a hurricane would take place.  
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Figures 1 a-h: Stand 3, FVS Growth Models (figures not shown for other stands). 

Example of FVS “growing” out the stand over 100 years (breaks at 5, 25, 30, 50, 75, 80, 

and 100 years), showing forest succession. Stand transitions from Pine stand to Pine-

Mixed Hardwood Stand with a majority of the mixed pine/ hardwood tree size 

distributions moving from low DBH/ low height classes to high DBH/ high height classes 

by year 2117.  

 
Figure 1-a: Stand 3 Inventory Conditions 

 
Figure 1-b: Year 5 Cycle 
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Figure 1-c: Year 25 Cycle 

 
Figure 1-d: Year 30 Cycle 

 
Figure 1-e: Year 50 Cycle 
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Figure 1-f: Year 75 Cycle 

 
Figure 1-g: Year 80 Cycle 

 
Figure 1-h: Year 100 Cycle 
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Table 4-a: Stand 3 Fire Severity and Fire Risk (all values in per acre estimates) 

 Fire Severity Fire Risk 

Year Flame 

Length (ft) 

Surface: 

Sev  

Flame 

Length (ft) 

Surface: 

Mod 

Mortality 

%BA: Sev 

Mortality 

%BA: 

Mod 

Mortality 

(Merch cu 

ft): Sev 

Mortality 

(Merch cu 

ft): Mod 

Total 

surface 

fuels 

tons/acre 

2017 5.7 2.4 27 21 347 295 57 

2022 2 1 21 19 320 314 62 

2042 4 2.1 29 23 488 422 108 

2047* 4 2.2 29 22 550 468 117 

2067 4.3 2.5 27 20 905 728 157 

2092 4.6 2.8 22 16 1163 887 195 

2097* 4.6 2.8 21 16 1160 880 199 

2117 4.6 2.9 16 12 1052 808 211 

*Years in the hurricane scenarios when a hurricane would take place.  
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Table 5-a: Stand 4 Composition (all values in per acre estimates) 

 
*Years in the hurricane scenarios when a hurricane would take place.  

 

 

 

 

 

 

 



116 

Table 6-a: Stand 4 Fire Severity and Fire Risk (all values in per acre estimates) 

 Fire Severity Fire Risk 

Year Flame 

Length (ft) 

Surface: Sev  

Flame 

Length (ft) 

Surface: 

Mod 

Mortality 

%BA: Sev 

Mortality 

%BA: 

Mod 

Mortality 

(Merch 

cu ft): 

Sev 

Mortality 

(Merch cu 

ft): Mod 

Total 

surface 

fuels 

tons/acre 

2017 5.5 2.4 28 22 392 351 64 

2022 1.9 0.9 25 24 375 374 69 

2042 4.2 2.5 39 33 507 482 116 

2047* 4.3 2.6 38 32 534 500 124 

2067 4.6 2.8 33 28 592 558 143 

2092 4.4 2.7 25 23 778 717 160 

2097* 4.4 2.6 24 23 800 741 163 

2117 4.3 2.5 21 21 801 766 173 

*Years in the hurricane scenarios when a hurricane would take place.  
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Selection Harvest- No Disturbance Output Tables 

 

Table 1-b: Stand 2 Composition (all values in per acre estimates). Green represents 

value < no management-no disturbance scenario value. Red represents value > no 

management-no disturbance scenario value. Change in value as compared to no 

management-no disturbance scenario shown in parenthesis as either positive or 

negative.  

 
*Years in the hurricane scenarios when a hurricane would take place.  
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Table 2-b: Stand 2 Fire Severity and Fire Risk (all values in per acre estimates). Green 

represents value < no management-no disturbance scenario value. Red represents 

value > no management-no disturbance scenario value. Change in value as compared 

to no management-no disturbance scenario shown in parenthesis as either positive or 

negative.  

 Fire Severity  Fire Risk 

Year Flame 

Length (ft) 

Surface: Sev  

Flame 

Length (ft) 

Surface: Mod 

Mortality 

%BA: Sev 

Mortality 

%BA: 

Mod 

Mortality 

(Merch 

cu ft): 

Sev 

Mortality 

(Merch cu 

ft): Mod 

Total 

surface 

fuels 

tons/acre 

 

2017 6 (1) 3.3 (1.1) 28 (4) 23 (2) 145 (-

355) 

129 (-

350) 

55 (-26) 

2022 4.7 (2.6) 2.4 (1.4) 36 (11) 31 (7) 148 (-

348) 

142 (-

353) 

56 (-33) 

2042 4.2 (-0.2) 2.1 (-0.5) 43 (8) 35 (5) 336 (-

299) 

319 (-

295) 

86 (-51) 

2047* 4 (-0.5) 2.1 (-0.6) 41 (7) 34 (5) 436 (-

251) 

421 (239) 96 (-48) 

2067 4.2 (-0.4) 2.4 (-0.4) 36 (7) 31 (6) 969 (74) 925 (50) 140 (-28) 

2092 4.5 (-0.1) 2.8 30 (6) 26 (4) 1465 

(317) 

1354 

(264) 

187 (-4) 

2097* 4.6 2.8 28 (5)  26 (5) 1473 

(299) 

1369 

(257) 

193 (1) 

2117 4.6 (0.1) 2.9 (0.1) 24 (4) 22 (3) 1416 

(232) 

1361 

(221) 

207 (4) 

*Years in the hurricane scenarios when a hurricane would take place.  
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Table 3-b. Stand 3 Composition (all values in per acre estimates). Green represents 

value < no management-no disturbance scenario value. Red represents value > no 

management-no disturbance scenario value. Change in value as compared to no 

management-no disturbance scenario shown in parenthesis as either positive or 

negative.  

Year Forest 

Type 

# 

Trees 

BA Top Ht 

(ft) 

QMD 

(in) 

Merch 

(Cu ft) 

Mortalit

y (Cu ft) 

TPA 

Dominants  

Volume 

Dominants 

2017 Loblolly Pine 703 68 87 4.2 2070 0 (-2) 17% Hickory 41% Loblolly 

Pine 

2022 Loblolly 

Pine- 

hardwood 

5657 

(4960) 

39 

(43) 

67 (-

24) 

1.1 (-

3.5) 

859 (-

1546) 

8 (6) 44% Loblolly 

Pine 

27% 

Sweetgum 

2042 White- 

Oak Red-Oak 

Hickory 

513 (-

117) 

85 (-

57) 

82 (-

18) 

5.5 (-

0.9) 

1626 (-

2157) 

1 (-8) 17% Hickory 25% 

Sweetgum 

2047* White- Oak 

Red-Oak 

Hickory 

508 (-

102) 

97 (-

57) 

86 (-

16) 

5.9 (-

0.9) 

1938 (-

2210) 

2 (-7) 17% Hickory 24% 

Sweetgum 

2067 White- Oak 

Red-Oak 

Hickory 

441 (-

108) 

140 

(-58) 

95 (-

12) 

7.6 (-

0.5) 

3653 (-

2163)  

11 (-4) 16% White 

Oak 

19% White 

Oak 

2092 White- Oak 

Red-Oak 

Hickory 

377 (-

23) 

191 

(-29) 

102 (-

8) 

9.7 (-

0.4) 

5997 (-

1378) 

59 (-2) 16% White 

Oak 

21% White 

Oak 

2097* White- Oak 

Red-Oak 

Hickory 

342 (-

26) 

192 

(-28) 

103 (-

7) 

10.2 

(-0.3) 

6205 (-

1332) 

65 (2) 16% White 

Oak 

21 % White 

Oak 

2117 White- Oak 

Red-Oak 

Hickory 

233 (-

37) 

192 

(-28) 

107 (-

4) 

12.3 

(0.1) 

6693 (-

1345) 

68 (1) 15% White 

Oak 

20% White 

Oak 

*Years in the hurricane scenarios when a hurricane would take place.  
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Figures 1 a-i: Stand 3, FVS Growth (figures not shown for other stands). Example of 

FVS “growing” out the stand over 100 years (breaks at 5, 25, 50, 75, and 100 years) 

after selection harvest of pine/ chemical treatment of pine seedlings. Stand transitions 

from Pine stand to White Oak - Red Oak - Hickory stand with a majority of the hardwood 

tree size distributions moving from low DBH/ low height classes to high DBH/ high 

height classes by year 2117. This example shows the stands response to the proposed 

treatment over time without any natural disturbance.  

 
Figure 2-a. Stand 3 Inventory Conditions 

 
Figure 2-b. Post Selection Harvest 
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Figure 2-c. Year 5 Cycle 

 
Figure 2-d. Year 25 Cycle 

 
Figure 2-e. Year 30 Cycle 
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Figure 2-f. Year 50 Cycle 

 
Figure 2-g. Year 75 Cycle 

 
Figure 2-h. Year 80 Cycle 
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Figure 2-i. Year 100 Cycle 
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Table 4b. Stand 3 Fire Severity and Fire Risk. (all values in per acre estimates). Green 

represents value < no management-no disturbance scenario value. Red represents 

value > no management-no disturbance scenario value. Change in value as compared 

to no management-no disturbance scenario shown in parenthesis as either positive or 

negative.  

  Fire Severity Fire Risk 

Year Flame 

Length (ft) 

Surface: 

Sev  

Flame 

Length (ft) 

Surface: Mod 

Mortality 

%BA: Sev 

Mortality 

%BA: 

Mod 

Mortality 

(Merch 

cu ft): 

Sev 

Mortality 

(Merch 

cu ft): 

Mod 

Total 

surface 

fuels 

tons/acre  

2017 6.4 (0.7) 3.2 (0.8) 46 (19) 34 (13) 183 (-164) 126 (-169) 38 (-19) 

2022 2.3 (0.3) 1.1 (0.1) 32 (11) 25 (6) 139 (-181) 130 (-184) 37 (-25) 

2042 4.6 (0.6) 2 (-0.1) 44 (15) 29 (6) 346 (-142) 238 (-184) 64 (-44) 

2047* 4.4 (0.4) 2 (-0.2) 42 (13) 27 (5) 432 (-118) 

 

298 (-170) 73 (-44) 

2067 4 (-0.3) 2.2 (-0.3) 31 (4) 22 (2) 817 (-88) 611 (-117) 115 (-42) 

2092 4.2 (-0.4) 2.5 (-0.3) 24 (2) 18 (2) 1186 (23) 892 (5) 166 (-29) 

2097* 4.3 (-0.3) 2.5 (-0.3) 22 (1) 17 (1) 1155 (-5) 877 (-3) 175 (-24) 

2117 4.6 2.9 16 13 (1) 951 (-101) 753 (-55) 195 (-16) 

*Years in the hurricane scenarios when a hurricane would take place.  
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No Management - Hurricane Disturbance Output Tables 

 

Table 1-c. Stand 2 Composition Table (all values in per acre estimates) 

Year Forest Type TPA BA Top HT QMD Merch 

(Cu ft) 

Mortalit

y (Cu ft) 

TPA 

Domina

nts 

Volume 

Dominants 

Mortality 

Dominant 

2017 
Sweetgum/ 

Yellow-poplar 
1022 92 97 4.1 3061 12 

31% 

White 

Oak 

41% 

Sweetgum 
 

2022 
Sweetgum/ 

Yellow-poplar 
971 107 99 4.5 3372 20 

30% 

White 

Oak 

38% 

Sweetgum 
 

2042 
White oak-red 

oak-hickory 
726 163 104 6.4 4453 31 

30% 

White 

Oak 

38% 

Sweetgum 
 

2047* 
White oak-red 

oak-hickory 
656 167 104 6.8 4665 190 

30% 

White 

Oak 

37% 

Sweetgum 

46% 

Sweetgum 

2052 
White oak-red 

oak-hickory 
608 157 102 6.9 4053 8 

30% 

White 

Oak 

44% 

Sweetgum 
 

2067 
White oak-red 

oak-hickory 
506 178 105 8 4966 32 

29% 

White 

Oak 

40% 

Sweetgum 
 

2092 
White oak-red 

oak-hickory 
333 192 106 10.3 6308 55 

26% 

White 

Oak 

33% 

Sweetgum 
 

2097* 
White oak-red 

oak-hickory 
303 192 107 10.8 6481 235 

26% 

White 

Oak 

32% 

Sweetgum 

40% 

Sweetgum 

2102 
White oak-red 

oak-hickory 
289 175 106 10.5 5733 21 

26% 

White 

Oak 

30% 

Sweetgum 
 

2117 
White oak-red 

oak-hickory 
251 192 105 11.9 6622 59 

25% 

White 

Oak 

28% 

Sweetgum 
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Table 2-c. Stand 2 Fire Severity and Fire Risk Table (all values in per acre estimates) 

 Fire Severity Fire Risk 

Year 

Flame 

Length (ft) 

Surface: Sev 

Flame 

Length (ft) 

Surface: 

Mod 

Mortality 

%BA: Sev 

Mortality 

%BA: Mod 

Mortality 

(Merch 

Cuft): Sev 

Mortality 

(Merch 

Cuft): 

Mod 

Surface 

fuels 

tons/acre 

Total 

Live/Dead 

Fuels 

tons/acre 

2017 5.0 2.2 24 21 500 479 17.3 81 

2022 2.1 1.0 25 24 496 495 14.2 89 

2042 4.4 2.6 35 30 635 614 27.1 137 

2047* 4.5 2.7 34 29 687 660 29.4 144 

2052 4.6 2.8 37 31 733 700 31.3 150 

2057 4.6 2.9 36 31 815 780 33.8 155 

2067 4.6 2.9 32 28 956 933 35.5 167 

2092 4.7 2.9 26 24 1250 1183 39.9 187 

2097* 4.7 2.9 25 23 1272 1202 40.6 190 

2107 4.7 3.0 26 24 1333 1254 42.5 192 

2117 4.5 2.7 24 22 1370 1308 39.9 197 
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Table 3-c. Stand 3 Composition Table (all values in per acre estimates) 

Year Forest Type TPA BA Top HT QMD Merch 

(Cu ft) 

Mortality 

(Cu ft) 

TPA 

Dominants 

Volume 

Dominants 

Mortality 

Dominants 

2017 Loblolly Pine 704 68 87 4.2 2070 2 
17% 

Hickory 

41% 

Loblolly 

Pine 

 

2022 Loblolly Pine 697 82 91 4.6 2405 2 
16% 

Hickory 

41% 

Loblolly 

Pine 

 

2042 

Loblolly 

Pine/ 

Hardwood 

630 142 100 6.4 3783 9 
16% 

Hickory 

40% 

Loblolly 

Pine 

 

2047* 

Loblolly 

Pine/ 

Hardwood 

610 154 102 6.8 4148 370 
16% 

Hickory 

40% 

Loblolly 

Pine 

57% 

Loblolly 

Pine 

2052 

Loblolly 

Pine/ 

Hardwood 

543 118 95 6.3 2620 6 
17% 

Hickory 

31% 

Shortleaf 

Pine 

 

2067 

Loblolly 

Pine/ 

Hardwood 

487 150 100 7.5 3884 11 
17% 

Hickory 

23% 

Loblolly 

Pine 

 

2092 

White oak-

red oak-

hickory 

388 189 106 9.5 5895 43 
15% White 

Oak 

21% 

Loblolly 

Pine 

 

2097* 

White oak-

red oak-

hickory 

362 192 106 9.9 6172 147 
15% White 

Oak 

20% 

Loblolly 

Pine 

38% 

Loblolly 

Pine 

2102 

White oak-

red oak-

hickory 

307 184 106 9.9 5898 23 
15% White 

Oak 

20% 

Shortleaf 

Pine 

 

2117 

White oak-

red oak-

hickory 

279 192 105 11.2 6541 64 
14% White 

Oak 

18% 

Shortleaf 

Pine 
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Table 4-c. Stand 3 Fire Severity and Fire Risk Table (all values in per acre estimates) 

 Fire Severity Fire Risk 

Year 

Flame Length 

(ft) Surface: 

Sev 

Flame Length 

(ft) Surface: 

Mod 

Mortality 

%BA: Sev 

Mortality 

%BA: Mod 

Mortality 

(Merch 

Cuft): Sev 

Mortality 

(Merch 

Cuft): Mod 

Surface fuels 

(tons/acre) 

Total 

Live/Dead 

and 

surface 

fuels 

tons/acre 

2017 5.7 2.4 27 21 347 295 16.2 57 

2022 2.0 1.0 21 19 320 314 11.8 62 

2042 4.0 2.1 29 23 488 422 20.8 108 

2047* 4.0 2.2 29 22 550 468 22.4 117 

2052 4.1 2.3 36 27 485 396 23.9 124 

2057 4.8 3.1 37 29 617 500 41.0 123 

2067 4.4 2.6 32 24 783 614 33.0 126 

2092 4.3 2.5 24 18 1095 839 30.9 165 

2097* 4.4 2.6 23 17 1126 856 32.2 171 

2107 4.5 2.8 23 17 1188 895 37.2 180 

2117 4.5 2.8 20 15 1081 835 37.9 186 
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Selection Harvest- Hurricane Disturbance Output Tables  

Table 1-d. Stand 2 Composition Table (all values in per acre estimates). Green 

represents value < no management-hurricane scenario value. Red represents value > 

no management-hurricane scenario value. Change in value as compared to no 

management-hurricane scenario shown in parenthesis as either positive or negative.  

Year Forest Type TPA BA Top HT QMD Merch 

(Cu ft) 

Mortality 

(Cu ft) 

TPA 

Dominants 

Volume 

Dominants 

Mortality 

Dominants 

2017 

Sweetgum/ 

Yellow- 

poplar 

1022 92 97 4.1 3061 12 

31% White 

Oak 

41% 

Sweetgum 

72% 

Sweetgum 

2022 

White oak-

red oak-

hickory 

6002 

(5031) 

56  

(-51) 

70 (-29) 1.3  

(-3.2) 

1484  

(-1888) 

27 42% 

Loblolly 

Pine 

30% White 

Oak  

2042 

White oak-

red oak-

hickory 

605 

 (-121) 

104  

(-59) 

83 (-21) 5.6  

(-0.8) 

2291  

(-2162) 

4 (-27) 

30% White 

Oak 

29% White 

Oak  

2047* 

White oak-

red oak-

hickory 

582  

(-74) 

115  

(-52) 

86 (-18) 6 (-0.8) 2627  

(-2038) 

105 (-85) 

30% White 

Oak 

29% White 

Oak 

68% Water 

Oak 

2052 

White oak-

red oak-

hickory 

557  

(-51) 

116  

(-41) 

87  

(-15) 

6.2 

 (-0.7) 

2425  

(-1628) 

3 (-5) 

30% White 

Oak 

31% White 

Oak  

2067 

White oak-

red oak-

hickory 

508 (2) 151 

 (-27) 

94 (-11) 7.4 

 (-0.6) 

3678  

(-1288) 

7 (-25) 

30% White 

Oak 

31% White 

Oak  

2092 

White oak-

red oak-

hickory 

382 

(49) 

190 

 (-2) 

100 (-6) 9.6  

(-0.7) 

5846  

(-462) 

50 (-5) 

29% White 

Oak 

35% White 

Oak  

2097* 

White oak-

red oak-

hickory 

348 

(45) 

192 101 (-6) 10.1  

(-0.7) 

6109  

(-372) 

305 (70) 

29% White 

Oak 

34% White 

Oak 

27% 

Loblolly 

Pine 

2102 

White oak-

red oak-

hickory 

333 

(44) 

170 

 (-5) 

99 (-7) 9.7  

(-0.8) 

5066 

 (-667) 

22 (1) 

29% White 

Oak 

38% White 

Oak  

2117 

White oak-

red oak-

hickory 

284 

(33) 

192 102 (-3) 11.1  

(-0.8) 

6158  

(-464) 

69 (10) 

28% White 

Oak 

36% White 

Oak  

 

 

 



130 

Table 2-d. Stand 2 Fire Severity and Fire Risk Table (all values in per acre estimates). 

Green represents value < no management-hurricane scenario value. Red represents 

value > no management-hurricane scenario value. Change in value as compared to no 

management-hurricane scenario shown in parenthesis as either positive or negative.   

 Fire Severity Fire Risk  

Year Flame 

Length (ft) 

Surface: 

Sev 

Flame 

Length (ft) 

Surface: 

Mod 

Mortalit

y %BA: 

Sev 

Mortality 

%BA: 

Mod 

Mortali

ty 

(Merch 

Cuft): 

Sev 

Mortalit

y 

(Merch 

Cuft): 

Mod 

Surface fuels 

tons/acre 

Total Live/Dead 

fuels tons/acre 

2017 
6 (0.9) 3.3 (1.1) 28 (4) 23 (2) 145  

(-355) 

129  

(-350) 

25 (7.8) 55 (-26) 

2022 
4.7 (2.6) 2.4 (1.4) 36 (11) 31 (7) 148  

(-348) 

142  

(-353) 

17.1 (2.9) 56 (-33) 

2042 
4.2 (-0.2) 2.1 (-0.5) 43 (8.0) 35 (5.0) 336  

(-299) 

319  

(-295) 

20.7 (-6.3) 86 (-51) 

2047* 
4 (-0.5) 2.1 (-0.6) 41 (7) 34 (5) 436  

(-251) 

421  

(-239) 

21.8 (-7.6) 96 (-48) 

2052 
4 (-0.6) 2.2 (-0.7) 42 (5) 36 (5) 523  

(-210) 

511  

(-189) 

23.1 (-8.1) 106 (-44) 

2057 
4.1 (-0.5) 2.3 (-0.6) 41 (5) 35 (4) 665  

(-150) 

647  

(-133) 

25.9 (-8) 115 (-40) 

2067 
4.2 (-0.4) 2.5 (-0.4) 38 (6) 33 (5) 960 (4) 913  

(-20) 

29.1 (-6.4) 135 (-32) 

2092 
4.5 (-0.1) 2.8 (-0.1) 32 (6.0) 28 (4.0) 1525 

(275) 

1399 

(216) 

35.3 (-4.6) 181 (-6.0) 

2097* 
4.6 (-0.1) 2.8 (-0.1) 30 (5) 27 (4) 1548 

(276) 

1428 

(226) 

37 (-3.6) 187 (-3.0) 

2107 
4.5 (-0.2) 2.8 (-0.2) 33 (7) 30 (6) 1643 

(310) 

1521 

(267) 

4.1 (-0.5) 192 

2117 
4.6 (0.1) 2.9 (0.1) 30 (6) 28 (6) 1704 

(334) 

1610 

(302) 

41.2 (1.3) 198 (1) 
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Table 3-d. Stand 3 Composition Table (all values in per acre estimates). Green 

represents value < no management-hurricane scenario value. Red represents value > 

no management-hurricane scenario value. Change in value as compared to no 

management-hurricane scenario shown in parenthesis as either positive or negative.  

Year Forest Type TPA BA Top HT QMD Merch 

(Cu ft) 

Mortality 

(Cu ft) 

TPA 

Dominants 

Volume 

Dominants 

Mortality 

Dominants 

2017 Loblolly pine 

704 68 87 4.2 2070 0 

17% 

Hickory 

41% 

Loblolly P 

53% 

Loblolly 

Pine 

2022 

Loblolly 

pine/hardwo

od 

5657 

(4960) 

39  

(-43) 

67 (-24) 1.1  

(-3.5) 

859 

 (-1546) 

8 (6) 

44% 

Loblolly P 

27% 

Sweetgum  

2042 

White 

oak/red 

oak/hickory 

513  

(-117) 

85  

(-57) 

83 (-17) 5.5 

 (-0.9) 

1632 

 (-2151) 

1 (-8) 

17% 

Hickory 

25% 

Sweetgum  

2047* 

White 

oak/red 

oak/hickory 

508 

 (-102) 

98  

(-56) 

86 (-16) 5.9  

(-0.9) 

1967 

 (-2181) 

84 (-286) 

16% 

Hickory 

23% 

Sweetgum 

62% 

Loblolly 

Pine 

2052 

White 

oak/red 

oak/hickory 

487 

 (-56) 

101  

(-17) 

86 (-9) 6.2 

 (-0.1) 

1928 

 (-692) 

4 (-2) 

17% 

Hickory 

27% 

Sweetgum  

2067 

White 

oak/red 

oak/hickory 

432 

 (-55) 

134  

(-16) 

93 (-7) 7.5 3320 

 (-564) 

11 

18% White 

Oak 

23% White 

Oak  

2092 

White 

oak/red 

oak/hickory 

367 

 (-21) 

187  

(-2) 

102 (-4) 9.7 

(0.2) 

5707 

 (-188) 

40 (-3) 

16% White 

Oak 

24% White 

Oak  

2097* 

White 

oak/red 

oak/hickory 

344 

 (-18) 

192 103 (-3) 10.1 

(0.2) 

6003 

 (-169) 

253 (106) 

16% White 

Oak 

23% White 

Oak 

37% White 

Oak 

2102 

White 

oak/red 

oak/hickory 

327 

(20) 

172  

(-12) 

102 (-4) 9.8 

 (-0.1) 

5190 

 (-708) 

24 (1) 

16% White 

Oak 

20% White 

Oak  

2117 

White 

oak/red 

oak/hickory 

279 192 106 (1) 11.2 6185 

 (-356) 

73 (9) 

16% White 

Oak 

21% Red 

Maple  
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Table 4-d. Stand 3 Fire Severity and Fire Risk Table (all values in per acre estimates). 

Green represents value < no management-hurricane scenario value. Red represents 

value > no management-hurricane scenario value. Change in value as compared to no 

management-hurricane scenario shown in parenthesis as either positive or negative.  

 Fire Severity Fire Risk 

Year Flame 

Length (ft) 

Surface: Sev 

Flame 

Length (ft) 

Surface: 

Mod 

Mortality 

%BA: Sev 

Mortality 

%BA: 

Mod 

Mortality 

(Merch 

Cuft): Sev 

Mortality 

(Merch 

Cuft): 

Mod 

Surface Fuels 

tons/acre 

Total Live/Dead 

Fuels ton/acre  

2017 
6.4 (0.7) 3.2 (0.8) 46 (19) 34 (13) 183 

 (-164) 

126  

(-169) 

21.8 (5.6) 38 (-19) 

2022 
2.3 (0.3) 1.1 (0.1) 32 (11) 25 (6) 139  

(-181) 

130  

(-184) 

14.4 (2.3) 37 (-25) 

2042 
4.6 (0.6) 2.0 (-0.1) 45 (16) 29 (6) 358  

(-130) 

237 

 (-185) 

17.4 (-3.4) 64 (-44) 

2047* 
4.6 (0.4) 2 (-0.2) 42 (13) 27 (5) 453 (-97) 308 

 (-160) 

18.5 (-3.9) 73 (-44) 

2052 4.3 (0.2) 2 (-0.3) 42 (6) 28 (1) 539 (54) 370 (-26) 19.8 (-4.1) 83 (-41) 

2057 4.0 (-0.8) 2.1 (-1.0) 37 27 (-2) 614 (-3) 460 (-40) 24.2 (-16.8) 92 (-31) 

2067 4 (-0.4) 2.3 (-0.3) 32 24 823 (40) 620 (6) 25.6 (-7.4) 111 (-15) 

2092 4.2 (-0.1) 2.5 22 17 1138 (58) 859 (52) 29.2 (-2.3) 171 (-3) 

2097* 4.2 (-0.2) 2.5 (-0.1) 22 (-1) 11 1138 (12) 859 (3) 29.2 (-3) 171 

2107 
4.5 2.8 23 18 (1) 1176  

(-12) 

907 (12) 36.4 (-0.7) 183 (3) 

2117 4.6 (0.1) 2.8 19 (-1) 15 1101 (20) 877 (42) 39.2 (1.3) 192 (6) 
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Appendix C: Trail Users Survey 

Trail Users Survey 

  

Start of Block: Default Question Block 

  

We are graduate students at Duke University’s Nicholas School of the Environment 

conducting research for a project with the Forest History Society, a nonprofit here in 

Durham. The results of this survey will help us design a potential interpretive trail for the 

new headquarters site of the Forest History Society. 

 

We invite you to take part in a survey regarding your use of this trail today. This survey 

should take about 5 minutes. Responses will be confidential and are completely 

voluntary.  You may decline to answer any question and you may end the survey at any 

time.   

If you have any questions or concerns, feel free to ask now or at any time during the 

survey. Further questions about this research may directed to Duke University graduate 

student Sarah Sanford at: sarah.sanford@duke.edu. For questions about your rights in 

this study, contact the Duke research ethics committee at (919) 684-3030 or 

campusirb@duke.edu     

  

Click "Next" if you would like to take this survey. 

  

Page Break 
  

 
Approximately how far did you travel today to access this trail? 

▢Walked from my home  (1) 

▢0-5 miles  (2) 

▢6-10 miles  (3) 

▢More than 10 miles  (4) 

▢Do not know  (5) 

  

Page Break 
  

 

  

How did you find out about this trail? 

o Word of mouth  (1) 
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o Online information  (2) 

o Saw it while driving by  (3) 

o Physical trail map or sign  (4) 

o Other  (5) ________________________________________________ 

o Don't remember  (6) 

  

  

Page Break 
  

 

  

  

Why did you come to this trail today? Select all that apply. 

▢Exercise/physical activity  (1) 

▢To spend time in nature  (2) 

▢To spend quality time with family and/or friends  (3) 

▢To experience solitude  (4) 

▢For my mental health  (5) 

▢To learn more about this ecosystem  (6) 

▢Other  (7) ________________________________________________ 

  

  

Page Break 
  

 

  

Did you look at any of the interpretive signs along the trail? 

o Yes  (1) 

o No  (2) 

o Don't remember  (3) 

  

Skip To: Q12 If Did you look at any of the interpretive signs along the trail? = No 

Skip To: Q12 If Did you look at any of the interpretive signs along the trail? = Don't remember 

  

Page Break 
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Did you learn anything new about the ecology and/or history of this trail today? 

  Learned a lot (1) Learned a little (2) Did not learn 

anything new (3) 

Unsure (4) 

  (1) 
o   o   o   o   

  

  

  

Page Break 
  

 

  

Do you have preferences about interpretive signs on trails? 

o I prefer that the trail I visit has interpretive signs.  (1) 

o I prefer that the trail I visit does not have interpretive signs.  (2) 

o No preference.  (3) 

  

  

Page Break 
  

 

  

Would you be interested in visiting a trail in Durham that provides information about North Carolina's 

conservation history? 

o Definitely yes  (1) 

o Probably yes  (2) 

o Might or might not  (3) 

o Probably not  (4) 

o Definitely not  (5) 

  

Skip To: Q15 If Would you be interested in visiting a trail in Durham that provides information about North 

Carol... = Might or might not 

Skip To: Q15 If Would you be interested in visiting a trail in Durham that provides information about North 

Carol... = Probably not 

Skip To: Q15 If Would you be interested in visiting a trail in Durham that provides information about North 

Carol... = Definitely not 
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Below are some potential topics for an interpretive trail in Durham. Please rank your interest in each topic. 

  Very interested 

(1) 

Somewhat 

interested (2) 

Not interested (3) No opinion (4) 

History of forests 

in this region (1) 
o   o   o   o   

History of logging 

in this region (2) 
o   o   o   o   

North Carolina's 

conservation 

heroes (3) 

o   o   o   o   

Past disturbances 

in this region such 

as fires and 

hurricanes (4) 

o   o   o   o   

How to read a 

landscape (5) 
o   o   o   o   

Ecological history 

of this region (6) 
o   o   o   o   

  

  

  

Page Break 
  

 

   

Are you satisfied with the length of this trail? 

o Yes  (1) 

o No, I wish it were longer.  (2) 

o No, I wish it were shorter.  (3) 

o No opinion  (4) 
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Page Break 
  

 

   

Did you walk/hike the entire trail today? 

o Yes  (1) 

o No  (2) 

o Unsure  (3) 

  

  

Page Break 
  

 

  

When you visit a trail, what distance do you generally like to walk/hike? 

o Less than 1 mile  (1) 

o 1-3 miles  (2) 

o 4-6 miles  (3) 

o More than 6 miles  (4) 

o No preference  (5) 

  

  

Page Break 
  

 

  

On average, do you visit trails in Durham once a month or more? 

o Yes  (1) 

o No  (2) 

  

Skip To: Q19 If On average, do you visit trails in Durham once a month or more? = No 

  

Page Break 
  

 

  

Generally, what time of day do you use trails in Durham? Select all that apply. 

▢ On weekends  (1) 
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▢ On weekdays before 5PM  (2) 

▢ On weekdays after 5PM  (3) 

▢ Unsure  (4) 

  

  

Page Break 
  

 

  

Page Break 
  

 

  

This question is about trail surfaces. Which types of trails do you prefer? Select all that apply. 

▢Paved trails  (1) 

▢Mulched trails  (2) 

▢Dirt trails  (3) 

▢Gravel trails  (4) 

▢No preference  (5) 

  

  

Page Break 
  

 

 

Please identify your age group. 

o 18-25  (1) 

o 26-35  (2) 

o 36-45  (3) 

o 46-55  (4) 

    56-65 (5) 

o 66 or older  (6) 

  

  

Page Break 
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Is anyone under the age of 18 with you today? 

o Yes  (1) 

o No  (2) 

  

Skip To: Q10 If Is anyone under the age of 18 with you today? = Yes 

Skip To: Q21 If Is anyone under the age of 18 with you today? = No 

  

Page Break 
  

 

  

Please identify the age group(s) for the children that are with you today. Select all that apply. 

▢0-5  (1) 

▢6-10  (2) 

▢11-17  (3) 

  

  

Page Break 
  

 

  

 

Do you have any other thoughts about this trail that you would like to share? You may type your thoughts 

below or share them with the surveyor at this time. Otherwise, click "Next." 

________________________________________________________________ 

  

End of Block: Default Question Block 
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Appendix D: “About the Forest History Society” Two-Pager 
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Appendix E: Community Outreach Interview Questions 

Nature & History Centers/Organizations 

- Who is your target audience at your organization? 

- Which audiences do you find that you predominantly actually serve? 

- What programming do you offer? 

- Who attends which kinds of programming? 

- Has there been a progression of your programming over time? 

- What has worked? What hasn’t? 

- What type of programming would build well on what you are already doing? 

- Why do you gear your organization toward [x] age group 

- (History-Specific) 

- How do you interpret historical information to audiences? What works best for 

you? 

- Do you know of any historic and/or nature trails in the Durham area?  

- [if yes] Which trails are you aware of? 

- Do you envision any opportunity in which you can collaborate with the Forest History 

Society? 

 

Community Cultural Organizations  

- What is the mission of your organization? 

- Who is your primary audience? 

- Which age groups do you target? 

- What are your organization’s needs? 

- Do you have a need for aj meeting space? 

- Do you recreate in the forest?  

- What is your relationship to forests? 

- Would members of your group enjoy short walks in the forest? 

- Does your organization have any interest in history? 

- Do you have any interest in the history of forests? 

- Are you interested in city parks? 

- Do you partner with other organizations in Durham? 

- Which of the following forest history educational activities would your community of 

members be most likely to attend? [have respondents order the answers] 

- lectures, photo exhibitions, guest speakers, film screenings 

- Where do you presently hold your organization-wide meetings? 

- How many people generally attend your meetings? Do you host workshops? 

- Do you envision any opportunity in which you can collaborate with the Forest History 

Society? 
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 Appendix F: Boy Scout Troop Contact Information 

Much of the physical work for the interpretive trail could likely be completed via an Eagle Scout 

project. Through conversations with community members, we collected some information on 

Boy Scout Troops in Durham. While there is a Troop that meets just a few blocks away from the 

headquarters site at Saint Paul’s Lutheran Church (at the corner of Cornwallis and Pickett), this 

Troop is a Cub Scout Pack for scouts in grades 1-5. These scouts would likely be too young to 

work on trail construction. Instead, we recommend that FHS contact some of the troops listed in 

the table below. This table was obtained via email communications with Mr. Matt Groseclose, 

Boy Scouts of America Senior District Executive for the Mawat District. Email communications 

and the attached table are both shown below. 

 

From: Matt Groseclose <Matt.Groseclose@scouting.org> 

Sent: Friday, January 12, 2018 10:26 AM 

To: Laura Bader 

Subject: RE: Informal Interview Request 

  

Hi Laura, 

Troop leader information is attached if you wanted to pass along information about potential 

Eagle Scout Projects. 

  

Check out www.meritbadge.org for more information on badges that could be taught relevant 

to the organization.  Also check out www.scouting.org for more info on our various programs, 

ages, etc. 

  

Cathy Millward  millwardvs@gmail.com  is our District Communications Chair: if you have a 

flyer about an upcoming event that you’d spoken with me about, you can send that and the 

registration info to her. 

  

Thank you 

  

Matt Groseclose 

Senior District Executive, Mawat District 

Occoneechee Council, Boy Scouts of America 

3231 Atlantic Ave 

Raleigh, NC 27604 

919-599-6672 (Cell)  919-872-4884 (Office) 

919-872-1159 (Fax) 

https://urldefense.proofpoint.com/v2/url?u=http-3A__www.meritbadge.org&d=DwMFAg&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=UvhaHciMIThPErlVoiowL4XoI3F5uRXOWloGtuECtPA&m=4ORG4dc5xiqBQbguS3ftn9KDdXkkji8RbweO-QteC9M&s=At3shRzkTpzUy-f3CXEb0lU3YjZWDT5Z1137a-tZcuQ&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.scouting.org&d=DwMFAg&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=UvhaHciMIThPErlVoiowL4XoI3F5uRXOWloGtuECtPA&m=4ORG4dc5xiqBQbguS3ftn9KDdXkkji8RbweO-QteC9M&s=vnJRaPj7f7WtjPwxXFkrDHKNLKnKZK6lnua3WBEO0yQ&e=
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Appendix G: Duke Forest Contact Information 

Director of Duke Forest: Sara Childs  

 

sara.childs@duke.edu  

 

Duke Forest Office: (919) 613-8013 

 

 

 

mailto:sara.childs@duke.edu
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 Appendix H: Geoprocessing Models for Trail Planning 

 

Figure 1. Geoprocessing model for creating cost surface raster from slope. “Rescale by 

Function” tool used Large transformation on slope within the analysis area on a scale 

from 1-5.  
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Figure 2. Example of one trail segmentation geoprocessing model in ArcGIS. Displays 

workflow for Path Distance, Cost Path, and calculation of walking time for trail segments 

created on property. 
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Figure 3. Geoprocessing model for creation of trail options from trail segments as well 

as descriptive statistics on slope and elevation for each trail option.   

 

 

 


