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Abstract 

The structural complexity of old-growth forests allows them to play many distinctive 
functional and compositional roles that are not fulfilled by younger forests. Left 
undisturbed by humans, these forests function as reservoirs of biological diversity, 
regulate energy and material cycles, and allow us the opportunity to study and understand 
natural forest processes, while at the same time providing significant recreational, 
existence, and heritage values. While old-growth forests are relatively rare in the eastern 
United States due to historic land use patterns, the Blue Ridge province in western North 
Carolina contains one of the highest remaining concentrations of these forests. 
Management of the Pisgah National Forest provides a wonderful opportunity to conserve 
many areas of old-growth in this region. In this master�s project, a series of Geographical 
Information System models was developed to prioritize a network of small, medium, and 
large patches of forest on the Pisgah National Forest to be conserved and managed as old-
growth. The prioritization was based on criteria established by the USDA Forest Service, 
the amount of high quality old-growth forest contained by the patches, and other 
ecological considerations. Patches selected by the models were well distributed spatially 
and would conserve most of the identified high quality old-growth habitat on the Forest, 
though they underrepresented certain natural community types. Many of the chosen 
patches may not currently exhibit old-growth conditions and will have to be restored. It is 
important that selected patches for old-growth conservation be given permanent 
protective status so that natural processes are allowed to proceed uninterrupted. The set of 
models developed in this project can be used to help guide policy and management 
decisions by the Forest Service relating to its plans to conserve and restore old-growth 
across the Pisgah National Forest. 
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Introduction 
  

Due to intensive clearing of land for agriculture and timber during the 17th 

through early 20th centuries, there remains very little old-growth forest in the eastern half 

of the United States. Though much of this land has reverted back to forest, it will be 

decades, if not centuries, before many of these forests regain the structure and ecological 

functions characteristic of old-growth forests. However, the Blue Ridge Province of 

western North Carolina likely contains one of the highest percentages (2.5%) of its land 

mass in old-growth forest of any region in the Eastern United States (Messick 2004). As 

most of these forests occur on public land in the region, there is great opportunity for 

their conservation.  

Old-growth forests usually contain trees of many ages, patchy distribution of 

habitats, a variety of microhabitats, and high species diversity of both plants and animals 

(Tanner and Hamel 2001). They consistently have high levels of structural complexity 

compared with younger forests. Structures in these forests constitute significant stores of 

energy, water, and nutrients and create protected environments in which fluctuations in 

environmental conditions are moderated. This structural complexity allows the forests to 

play many distinctive functional and compositional roles, such as habitat for biodiversity 

and regulation of energy and material cycles (Franklin and van Pelt 2004, Spies 2004). 

Species diversity is likely extremely high in old-growth forests in the Blue Ridge 

Province of the Southern Appalachians, probably the most diverse floristic province of its 

size in the continental U.S. (Wofford 1989). Eastern old-growth forests are richer in 

herbaceous plants (Duffy and Meier 1992), salamanders (Petranka et al. 1994), and lichen 

(Selva 1996) than younger forests of the same natural community type. Old-growth 
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forests also help mitigate the effects of global climate change as they store large 

quantities of carbon in both vegetative matter and soil; they have recently been found to 

continue to accumulate carbon in their advanced age with a positive net ecosystem 

productivity (Luyssaert et al. 2008).  

The conservation and restoration of old-growth forests is important for a variety 

of reasons. First, they provide us with a remarkable opportunity to study and understand 

natural forest processes. Second, in today�s landscape where much of the forestland is 

heavily managed, old-growth forests provide a valuable benchmark or control against 

which we can compare our managed lands (McCarthy 1995). We can evaluate the effects 

of various forest management practices on the flora and fauna of an area compared to a 

no management option. Third, old-growth forests function as a reservoir of biological 

diversity for plants and animals that depend on their complex habitat structure. Finally, 

old-growth forests have significant recreational, existence, and heritage value to humans. 

They are often sought out by recreationists due to their natural beauty and primeval feel, 

have been shown to possess significant nonuse economic value (Garber-Yonts et. al. 

2004), and exist as living museums that present the forests as our ancestors would have 

experienced them. 

Two National Forests administered by the United States Department of 

Agriculture Forest Service, the Pisgah and Nantahala National Forests, exist in the Blue 

Ridge Province of western North Carolina. The Forest Service has recognized the 

importance of conserving old-growth forests on its lands and this is reflected in the 

current Nantahala/Pisgah National Forest Land Management Plan (USDA 1994) and a 

�Guidance for Conserving and Restoring Old-Growth Forest Communities on National 
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Forests in the Southern Region� (USDA 1997). In these publications, the Forest Service 

recommends retaining and restoring a network of small, medium, and large sized patches 

of old-growth that are well dispersed; the intent is to protect reservoirs of biological 

diversity and restore functional old-growth ecosystems at the sub-regional, forest, 

landscape, and stand scales. The old-growth patches chosen should be representative of 

natural community types, soils, aspects, and elevations found in the region and on the 

forests.  

An inventory of national forest land was conducted in the Southern Appalachian 

Assessment (SAMAB 1996) that identified areas that might meet goals for old-growth 

management on southern national forests. Stands were selected based on three criteria: 

(1) forest stands older than 100 years according to Forest Service�s Continuous Inventory 

of Stand Conditions database, (2) forest stands included in designated wilderness areas, 

and (3) stands known to have received little disturbance. However, little on the ground 

effort was made to verify that these areas had actual old-growth characteristics. Areas to 

be managed as old-growth forest by the Forest Service were to be selected from this 

group in future forest plan revisions. The Forest Service has since designated some 

patches of various sizes to old-growth management, but many areas of high quality old-

growth forest were not considered in the choice of these patches. Further, these patches 

currently receive no permanent protection as old-growth forest and could easily be 

relegated to different management under the next forest plan revision. 

The Southern Appalachian Forest Coalition (SAFC), a regional non-profit 

organization based in Asheville, North Carolina, has developed its own inventory of old-

growth forest sites throughout the Southern Appalachians in collaboration with its 



4 
 

partners. Sites were determined to be old-growth forest, based on the presence at each site 

of most of the following criteria: minimal signs of human disturbance, the presence of 

trees over 150 years old, an uneven-aged canopy, coarse woody debris in many stages of 

decomposition, snags, diversity of plant species for the abiotic conditions of the site, a 

diverse fungal component, canopy gaps, multiple canopy layers, pit and mound 

topography, and inaccessibility to past logging operations. Boundaries of these 

inventoried old-growth sites have been mapped and digitized into SAFC�s Old-Growth 

Forest Geodatabase. The organization is interested in seeing these sites protected from 

forest management prescriptions that might compromise their old-growth characteristics. 

 

Objective 

The objective of this project was to design a series of GIS models to prioritize 

patches of forest in the Pisgah National Forest to be conserved or restored as old-growth 

based on the above mentioned criteria established by the Forest Service, the amount of 

SAFC inventoried old-growth forest that they contained, and other ecological 

considerations. The models were run to prioritize a network of patches on the Forest to be 

chosen to be managed as old-growth. The selected patches were analyzed to determine if 

they represent an adequate representation of the natural community types, aspects, and 

elevations found in the Forest.  
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Methods 

Study Site 

 The Pisgah National Forest, administered by the United States Department of 

Agriculture Forest Service (USDA FS), is located within the heart of the Blue Ridge 

Province in western North Carolina. It consists of 510,113 acres located within a 791,803 

acre boundary, spread across the following 12 counties: Transylvania, McDowell, 

Haywood, Madison, Caldwell, Burke, Yancey, Buncombe, Avery, Mitchell, Henderson, 

and Watauga (Fig 1.). The terrain is mostly mountainous, though it does include some 

valley lands and a portion of the western North Carolina Piedmont. Elevations range from 

slightly over 300 meters above sea level to roughly 2000 meters above sea level. This 

large elevation gradient, combined with a diversity of landforms and high amounts of 

annually well distributed precipitation, help create some of the most diverse assemblages 

of forest in the temperate zone. 

  

Model Construction 

The prioritization of patches for conservation in old-growth forest was modeled 

using a three tiered approach, following criteria recommended by the Forest Service 

Guidance (USDA 1997) and the Nantahala/Pisgah National Forest Land Management 

Plan (USDA 1994) for the establishment of a mosaic of small, medium, and large patches 

of old-growth. To develop an initial pool of patches from which old-growth was to be 

prioritized for conservation, Potential Old Growth Forest stands identified in the Southern 

Appalachian Assessment (SAMAB 1996) were combined with any stands in the National 
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Forest which contained more than 25% of their area inventoried as old-growth in SAFC�s 

Old-Growth Forest Geodatabase (Fig. 2).  These additional stands containing old-growth 

inventoried by SAFC were added because they include areas that have been positively 

identified as containing forest with high quality old-growth characteristics. The Forest 

Management Plan specifically states that priority consideration should be given for areas 

currently exhibiting such characteristics (USDA 1994). Land within the Pisgah National 

Forest boundary was then stratified by elevation, aspect, and natural community type, 

three environmental criteria deemed by the forest plan to be important in the 

representation of the distribution of old growth areas.  

   

 

Figure 4 - Site location: Pisgah National Forest in western North Carolina. 
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Figure 5 - Pool of potential old-growth forest stands used for analysis. 
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All large patches of potential old-growth were selected for conservation as there 

are few of them located on the Pisgah National Forest. These patches were then stratified 

by the above environmental criteria, with the distributions in these patches compared to 

those within the National Forest boundary as a whole. Medium patches of old-growth 

forest were chosen in a model that prioritized areas that were underrepresented in these 

criteria, contained SAFC inventoried areas of old-growth forest, contained unique species 

diversity, and were distributed across the different administrative watersheds in the 

Forest. Small patches were then prioritized by selecting stands in the remaining potential 

old-growth patches that had the highest values for these criteria. Throughout the analysis, 

a basic assumption was made that in most cases on the Pisgah National Forest, 

management will lead to a forest matrix which is dominated primarily by mid- and late-

succesional forests. Old-growth areas surrounded by this type of forest matrix, are in turn 

assumed to be interconnected to other old-growth areas through these mid- and late-

succesional forests without the need of old-growth corridors. Geospatial data for the 

models were obtained from a variety of sources, summarized in Table 1. Models were 

constructed using ArcGIS, version 9.3 (Appendix A). 
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Table 1 � Summary of GIS data used in model construction. 

Name  Producer  Year Description 
National 

Elevation Dataset 
US Geological 

Survey 
2008

 
Raster elevation data of the United 
States. 

       NC Gap 
     Analysis Land 

Cover 

NC Coop. Fish & 
Wildlife Res. Unit, 

NC State University 
2003

 
Land cover of NC, showing natural 
community types. 

Natural Heritage 
Element 

Occurrences 
NC DENR, Natural 
Heritage Program 

2008
 

Locations of rare species and 
ecosystems in NC. 

Old-Growth 
Forest 

Geodatabase 

Southern 
Appalachian 

Forest Coalition 
2007

 

Locations and attributes of identified 
old-growth forest sites in Southern 
Appalachian National Forests. 

Potential Old-
Growth Forests 

SAMAB 
 

1996
 

Areas that might meet the goals for 
old-growth management on Southern 
Appalachian National Forests. 

Continuous 
Inventory Stand 

Conditions 
USDA Forest 

Service 
2007

 
Locations and attributes of National 
Forest stands. 

National Forests 
Proclamation 
Boundaries   

SAMAB 
 

1996
 

Boundaries of Southern Appalachian 
National Forests  

 

 

Large Patch Model 

 Large patches were chosen by aggregating all patches in the initial pool of 

potential old-growth and identifying ones of at least 2500 acres in size. The threshold of 

2500 acres was chosen following recommendations in the Forest Plan (USDA 1994) for 

providing preferred habitat for forest interior bird species and to address public desires 

for large contiguous patches. The distribution of these large patches over the three 

environmental criteria of elevation, aspect, and community type was then calculated and 

compared to the calculated distribution of the Pisgah National Forest boundary area over 

these same criteria. Elevation and aspect rasters for the region were derived from 

National Elevation Dataset data. Elevation data was reclassified to represent 200 meter 

incremental changes in altitude. Community data at the alliance level was derived from 
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the North Carolina Land Cover data of the North Carolina Gap Analysis Project. The 

distributions of these criteria were then calculated for both the National Forest boundary 

area and the large patches of old-growth. Values of these criteria that were 

underrepresented in the old-growth large patches were noted. 

 

Conservation Value Model 

 For prioritizing medium patches to be conserved as old-growth forest, scores 

needed to be calculated that reflected the value of environmental and habitat criteria on 

the land in a given patch. This was accomplished through creating an environmental 

value raster and habitat value raster that estimated the weighted importance of each 30 x 

30 meter cell in the study area. To encourage adequate representation of the different 

environmental conditions found in the Forest�s boundaries, the environmental value 

raster was calculated by aggregating rasters that assigned scores for environmental 

criteria based on their representation in the chosen large patches. Underrepresented 

elevation ranges were given a score of 1 and well represented elevations a 0; 

underrepresented aspects a 1 and well represented aspects a 0; well represented forested 

natural community types a 1, underrepresented forested natural community types a 2, and 

nonforest a 0. Scores were chosen in this fashion to provide added value to land currently 

in forest and to environmental factors that were underrepresented; these scores could be 

modified as necessary to give greater value to unique community types or elevation 

ranges that land managers deemed important.  

A habitat quality value raster was created to give importance to land that 

contained high quality old-growth characteristics, and that contained rare plant and 
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animal species. It was composed of two aggregated rasters. In the first, a score of 3 was 

assigned to all land area that had been inventoried as old-growth forest by SAFC. The 

other raster valued the importance of Element Occurrences in North Carolina Natural 

Heritage Data. These Element Occurrences represent the likely locations of rare and 

endangered species populations in the state. A score of 1 was assigned to each cell that 

overlapped with occurrences of plant and animal species. Only occurrences whose 

estimated accuracy were high or very high were utilized to ensure that the elements 

would likely be located in a cell. Occurrence records representing extinct species were 

used, as these areas may still indicate high-quality habitat that may be used to reintroduce 

populations in the future.  

The environmental value and habitat quality value rasters were then combined to 

create a total conservation value raster, reflecting the relative importance of each cell in 

the landscape to old-growth forest conservation. 

 

Medium Patch Model 

 Medium patches were prioritized based on their distribution throughout the 

landscape and their conservation value. Patches with aggregated areas of between 100 

and 2500 acres were chosen from the pool of potential old-growth patches. To provide an 

adequate distribution of patches across the landscape, it was determined (as 

recommended in the Forest Plan) that National Forest land in each administrative 

watershed containing more than 2500 acres of national forest should contain at least 5% 

of its acreage in either large or medium patches. The Pisgah National Forest land was 

divided into administrative watersheds; watersheds that contained at least 5% of their 
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land area in large patches were excluded from the rest of the medium patch model. 

Conservation of medium patches of old-growth forest in the remaining administrative 

watersheds was prioritized by each patch�s conservation value from the Conservation 

Value Model and core habitat value per acre. Core habitat was chosen as a patch metric 

to give added weight to patches that had less of their areas affected by edge effects. Core 

habitat value for each patch was calculated by creating a core area for each patch in 

which each cell was given a score of 1. To determine this core area, a distance of 100 

meters was estimated as the depth of edge influence. This number was chosen because it 

is approximately 3 times the height of the average canopy tree height in old-growth 

forests in the region, a rule that has been shown to be a useful rough estimate of edge 

influence in old-growth forests (Harris 1984, Russell et. al. 2000).  

Medium patches in each watershed were then ranked by the combined 

conservation and core habitat value per acre. The highest ranked patches were then 

successively chosen for conservation until 5% of the National Forest land in the 

watershed was protected in either large or medium patches of old-growth forest.  

A few of the administrative watersheds did not contain a large enough pool of 

potential old-growth conservation areas to allow 5% of their National Forest land to be 

conserved. In these cases a roving circular window, large enough to meet the missing 

acreage requirements, was used to identify the area with highest conservation value in 

each watershed. These areas would be useful places in which land managers could look 

to identify forest stands that could be combined into patches for old-growth restoration.   

 



13 
 

Small Patch Model 

Small patches were prioritized based on their ability to increase the distribution of 

conserved old-growth along environmental gradients and on their habitat quality value. 

Previously unselected potential-old growth stands with areas of between 5 and 100 acres 

were chosen to make a pool of potential small patches to conserve. A mean conservation 

value was calculated for each of these stands based on the average value of the 

conservation value raster from the Conservation Value Model for the cells contained in 

each stand. The stands were then ranked by mean conservation value, and stands with 

scores in the top 2 of 5 Jenk�s natural breaks classes were selected to be managed for old-

growth forest. 

 

Results 

Large Patches 

Eleven large patches of potential old-growth forest were identified, distributed 

throughout 3 of the 4 ranger districts of Pisgah National Forest (Fig. 3.). All large patches 

were recommended for conservation due to their limited number and the importance of 

large contiguous patches for forest interior bird habitat, and larger scale ecological 

function. These patches ranged in size from 2,546 to 8,501 acres and totaled 71,547 

acres. 
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Figure 6 - Large patches of old-growth forest selected for conservation. 
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An assessment of the distribution of large patches over environmental gradients 

showed that all the aspects were well represented except flat land (Table 2). However, 

several elevation gradients were underrepresented, particularly at the lower elevations 

(Table 3). Natural community types underrepresented among the large patches include 

most of the bottomland communities as well as the piedmont communities located along 

the eastern edge of the National Forest (Table 4). 

 

 

Table 2 � Distribution of land in the Pisgah National Forest boundary and large old-
growth patches over aspect.  

Pisgah National Forest Boundary Large Old-Growth Patches
Aspect Percent Land Area Percent Land Area

Flat 0.2% 0.0%
North 10.8% 10.0%

Northeast 11.5% 11.8%
East 14.4% 16.2%

Southeast 13.5% 14.2%
South 13.4% 12.4%

Southwest 12.0% 11.2%
West 13.3% 13.7%

Northwest 10.8% 10.5%  

 

Table 3 � Distribution of land in the Pisgah National Forest boundary and large old-
growth patches over elevation gradients.  

Pisgah National Forest Boundary Large Old-Growth Patches
Elevation (meters) Percent Land Area Percent Land Area

200-400 2.7% 0.0%
400-600 12.2% 6.1%
600-800 19.3% 13.3%

800-1000 27.9% 22.0%
1000-1200 21.6% 17.6%
1200-1400 10.2% 15.5%
1400-1600 4.2% 16.0%
1600-1800 1.7% 8.9%
1800-2036 0.3% 0.6%  

 



16 
 

Table 4 � Distribution of land in the Pisgah National Forest boundary and large old-
growth patches over natural community type.  

  
Pisgah National Forest 

Boundary 
Large Old-Growth 

Patches 
Community Type Percent Land Area Percent Land Area 

Piedmont Xeric Pine 0.257% 0.012% 
Piedmont Xeric Woodlands 0.264% 0.026% 
Dry-Mesic Oak & Hardwood 0.865% 0.590% 
Piedmont Mesic  0.158% 0.005% 
Xeric Pine-Hardwood  0.183% 0.020% 
Dry Mesic Oak Pine  0.372% 0.054% 
Mixed Bottomland Hardwood  0.193% 0.045% 
Piedmont Oak Bottomland  0.024% 0.001% 
Hemlock Floodplain  1.037% 0.485% 
Dry Mesic Oak  34.548% 22.511% 
Dry Mesic Mixed 8.269% 9.497% 
Mesic Hardwood  1.056% 0.152% 
Spruce/Fir  1.003% 3.315% 
Northern Hardwood  1.135% 4.894% 
Appalachian Oak  13.442% 17.189% 
Appalachian Cove  14.567% 19.841% 
Appalachian Hemlock 1.958% 3.584% 
Appalachian Xeric Pine 2.522% 4.106% 
Appalachian Xeric Mixed  0.591% 1.433% 
Appalachian Xeric Deciduous  3.186% 4.423% 
Appalachian Swamp  0.003% 0.000% 
Nonforest or Succesional 14.365% 7.817% 

 

 

Conservation Value  

Environmental Value scores for Pisgah National Forest lands varied from 0 to 6 

(Figure 4). The highest scores were concentrated around the periphery of the national 

forest lands where elevations were lower and bottomland communities more common, 

and in the east where piedmont communities were encountered. High Habitat Value 

scores were concentrated around areas of SAFC inventoried old-growth forest due to the 

high weight afforded these sites in the modeling process. These areas are well distributed 

spatially throughout the National Forest lands. Total Conservation Value Scores range 

form 0 to 10 with the highest values concentrated in the east of the study area (Figure 5). 
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Figure 4 - Environmental Value scores. 
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Figure 5 - Total Conservation Value. 
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Medium Patches 

In 15 of the 31 administrative watersheds, no medium patches of old-growth 

needed to be selected due to the occurrence of sufficient amounts of land located in large 

patches selected for conservation, or the small amount of National Forest land in these 

watersheds. In the remaining 16, medium patches were prioritized and successively 

chosen by high score for conservation until 5% of the national forest land in the 

watershed was protected as old-growth forest. Forty-two patches totaling 19,656 acres in 

size were selected to be managed for old-growth (figure 6). In two administrative 

watersheds, there was not a large enough pool of potential old-growth areas to allow 5% 

of their national forest land to be conserved. In these watersheds, circular areas of the size 

necessary to meet the missing acreage requirements were calculated that could serve as 

approximate locations in which land managers could look for stands to be aggregated into 

medium sized patches for old-growth management (figure 7).  
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Figure 6 - Medium and large patches of old-growth selected for conservation. 
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Figure 7 - Area recommended in which to create a new medium sized old-growth patch 
in administrative watershed 28. National Forest land in this watershed contained no 
potential old-growth patches. 
 

 

Small Patches 

The small patches selected for conservation of old-growth forest consisted of 261 

stands with a total area of 9,311 acres. These patches were well distributed across the 

study site (Figure 9). 
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Figure 8 - Small patches of old-growth forest selected for conservation management. 
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Analysis of Patches Selected for Conservation 

 The patches selected for old-growth conservation management have a combined 

area of approximately 100,514 acres, or about 20% of the land area of Pisgah National 

Forest. The patches are well distributed among the different administrative watersheds of 

the National Forest (Figure 9). Though many of the natural community types found 

within the Forest boundary are well represented in the selected patches, the patches still 

are not well distributed over certain natural community types, mostly piedmont and 

bottomland types (Table 5).  

 

Table 5 � Distribution of selected old-growth over natural community type.  

  
Pisgah National Forest 

Boundary 
Patches Selected for 

Conservation 
Community Type Percent Land Area Percent Land Area 

Piedmont Xeric Pine 0.257% 0.034% 
Piedmont Xeric Woodlands 0.264% 0.041% 
Dry-Mesic Oak & Hardwood 0.865% 0.735% 
Piedmont Mesic  0.158% 0.012% 
Xeric Pine-Hardwood  0.183% 0.033% 
Dry Mesic Oak Pine  0.372% 0.069% 
Mixed Bottomland Hardwood  0.193% 0.048% 
Piedmont Oak Bottomland  0.024% 0.001% 
Hemlock Floodplain  1.037% 0.491% 
Dry Mesic Oak  34.548% 26.956% 
Dry Mesic Mixed 8.269% 10.034% 
Mesic Hardwood  1.056% 0.201% 
Spruce/Fir  1.003% 2.606% 
Northern Hardwood  1.135% 3.921% 
Appalachian Oak  13.442% 15.584% 
Appalachian Cove  14.567% 19.459% 
Appalachian Hemlock 1.958% 3.528% 
Appalachian Xeric Pine 2.522% 3.808% 
Appalachian Xeric Mixed  0.591% 1.315% 
Appalachian Xeric Deciduous  3.186% 4.660% 
Appalachian Swamp  0.003% 0.000% 
Nonforest or Succesional 14.365% 6.463% 
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They are also still poorly distributed on flat land. However, when including the medium 

and small patches, they are now fairly well represented among the elevation gradients 

(Table 6). They conserve about 84% of the 54,465 acres of SAFC inventoried old-growth 

forest on the Pisgah National Forest. 

 

 

Table 6 � Distribution of selected old-growth patches over elevation.  

  
Pisgah National Forest 

Boundary 
Old-Growth Patches Selected for 

Conservation 
Elevation 
(meters) Percent Land Area Percent Land Area 
200-400 2.7% 0.2% 
400-600 12.2% 10.7% 
600-800 19.3% 17.5% 
800-1000 27.9% 20.9% 

1000-1200 21.6% 17.2% 
1200-1400 10.2% 13.4% 
1400-1600 4.2% 13.1% 
1600-1800 1.7% 6.6% 
1800-2036 0.3% 0.5% 
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Figure 9 - All patches of old-growth selected for conservation management. 
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Discussion 

 The set of models developed in this project provide a quantitative framework in 

which to prioritize the selection of a mosaic of old-growth forest patches of different size 

classes. The models are flexible in that they can include additional environmental value 

criteria if desired, the weights for different criteria can be adjusted as necessary, and the 

proportion of a compartment of National Forest land assigned to old-growth management 

can be modified. It is up to the Forest Service, with input from the general public during 

the forest planning process, to determine the biologically and socially optimal amount of 

land in different size patches to be allocated to old-growth forest management. The 

models can easily be adjusted to compensate for changes in desired amounts of these 

patches; for example, the Medium Patch Model could be adjusted to require that National 

Forest land in each administrative watershed contain at least 10% of its acreage in either 

large or medium patches, by updating a script in the model. The Small Patch Model could 

be adjusted to include more area by selecting more classes of patches prioritized by mean 

conservation value. Additional environmental variables could easily be added to the 

framework by reclassifying the data it into meaningful divisions, analyzing its 

distribution within the National Forest boundary and large patches of old-growth, 

determining which values of the variable were underrepresented, and creating a value 

raster for this variable to be included in the Conservation Value Model. 

 The results of this analysis are sensitive to the choice of scores used in the 

Conservation Value Model. The scores assigned to the environmental criteria could be 

considered somewhat arbitrary. All elevation gradients and forested natural community 

types were assumed to be on equal footing and to deserve a distribution close to their 
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distribution in the National Forest boundary at large; however, it may be desirable for 

certain rare community types, such as Spruce/Fir forests at high elevations, to receive 

greater weight in the value model. This should be at the discretion of interested parties in 

the forest planning process. Great weight was placed on SAFC inventoried areas of old-

growth forest in the prioritization scheme, because this is the best data we have to 

identify forests that currently have high quality old-growth structural characteristics. As a 

result, patches containing these areas were among the most frequently selected. This is 

useful, because we will likely have to wait many years for other patches to develop such 

structural characteristics. 

Unfortunately, the models produce a result in which bottomland and piedmont 

natural communities are greatly underrepresented in the areas selected for old-growth 

forest conservation. This occurs because these community types, as well as lower 

elevations in general, are underrepresented in the pool of potential old-growth stands at 

the start of the analysis. Most low elevation, bottomland, and piedmont stands in the 

region have been heavily managed and disturbed compared to other stands. Many are not 

owned by the Forest Service, even if they fall within the boundaries of National Forest 

land. They are less likely to possess old-growth characteristics and in turn less likely to 

be included in any inventory of potential old-growth. It may then be prudent to suggest 

that an effort be made to include some of these stands whenever practical in inventories 

with the idea that they might be restored to old-growth if selected. In general, when the 

Forest Service conducts future inventories to identify potential stands of old-growth on its 

lands, it should attempt to include as much diversity as possible of environmental 
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features. It also may be useful to give higher scores in the Conservation Value Model to 

certain underrepresented community types. 

An important thing to note when dealing with the concept of old-growth forest 

and its distribution among natural community types is that both forest age class and 

community type are not static, but represent a place on a complex continuum. 

Disturbances and natural processes are constantly disrupting age structure and species 

composition. I attempted to prioritize only natural community types in the model that 

were considered to be late-successional types, but in truth communities are in a constant 

state of flux. Does this mean that there is no point to attempting to conserve old growth 

forest? On the contrary, I would argue that it is important to conserve old-growth, 

especially large patches, as it allows us to observe these natural fluxes and processes 

undisturbed by human management. It is important that the selected patches for old-

growth conservation be given permanent protective status so that natural processes are 

allowed to proceed uninterrupted into the foreseeable future. In future prioritization 

modeling, it may be useful to give less weight to natural community types and more 

weight to the abiotic environmental factors behind their formation such as elevation, 

aspect, radiation load, terrain, landform, soil moisture, and temperature. However, the 

Forest Service currently considers natural community type to be one of the most 

important environmental criteria for selecting patches of old-growth forest conservation.  

As many of the potential old-growth forest stands in the Southern Appalachian 

Assessment were not groundtruthed, it is likely that much of the area selected for 

conservation in these models may not contain forest with actual high quality old-growth 

characteristics. These areas will have to be restored to old-growth conditions. Although 
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these areas will eventually revert to old-growth conditions if passively managed, this 

would likely take many decades to centuries to accomplish. It may be useful to pursue 

active management on some of these areas to speed up the development of old-growth 

structural conditions, if economically feasible. Silvicultural techniques such as the 

removal of exotic species, selective thinning to restore natural species composition and 

increase individual tree sizes more rapidly, selectively harvesting of trees to create 

clearings and open gaps in the canopy, girdling of trees to create large snags, and the 

reintroduction of large logs into the forest can accelerate the formation of many of the 

structural attributes of old-growth (Trombulak 1996). After undergoing these 

management prescriptions, the restored areas could be left to the whims of nature. 

 Hopefully the set of models in this project can be used to help guide policy and 

management decisions by the Forest Service relating to its plans to conserve and restore 

patches and networks of old-growth forest across the Pisgah National Forest. With data 

and some minor adjustments, these models could be applicable to prioritization of old-

growth forest on other National Forests as well.   
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