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By R. Travis Belote 

SCIENCE & RESEARCH

Quantifying the Range of 
Variability in Wilderness Areas:
A Reference When Evaluating Wilderness Candidates

Wilderness areas of the National Wilderness Preservation System (NWPS) serve as core units 

of a national system of conservation reserves in the United States (Aycrigg et al. 2013, 2016a; 

Belote et al. 2016). As important as the existing NWPS is, additional reserves are needed to 

better represent ecological diversity (Dietz et al. 2015) and establish an ecologically-connected 

network of protected areas (Aycrigg et al. 2016b, Belote et al. 2017). Fortunately, a process exists 

whereby lands can be recommended to the US Congress for inclusion as new legislated wilder-

ness areas. For example, during land management planning under the 2012 Planning Rule of the 

National Forest Management Act (USDA 2012), the Forest Service evaluates wilderness character 

of lands under Chapter 70 of the planning rule directives. Through this local inventory and evalu-

ation process, the agency determines which candidate roadless lands (generally greater than 

2,023 ha/4,999 acres) on each national forest maintain outstanding wilderness character and 

which areas should be recommended as wilderness. 

Wilderness character is based on concepts outlined in the Wilderness Act including natural-

ness, undeveloped condition, untrammeledness, and outstanding opportunities for solitude or 

primitive recreation (Landres et al. 2015). Wilderness character is associated with the concept 

of wildness (Aplet 1999) and generally describes ecological conditions (e.g., integrity) and the 

degree of control humans assert on natural processes (e.g., through fire suppression and plant 

and animal management). Quantifying and mapping wilderness character of existing wilderness 

areas has occurred throughout the country using spatial data representing human impacts to 

qualities of land (Tricker et al. 2012, 2013, 2016, 2017; Burrows et al. 2016). Datasets used in these 

analyses have included features that represent built structures, distance to roads, and sights and 

sounds that impact wilderness character. These qualities are also closely related to conditions 

outlined for assessment in the directives of the wilderness inventory and evaluation process. 

In developing forest plan revisions, such wilderness inventory and evaluation are usually con-

ducted at local scales across a single (or several adjacent) national forests. 

Such local evaluations in conservation planning are a critical step for determining high-priority 

lands to include in formal ecological reserves (Pressey and Bottrill 2009). Local evaluations 

provide data necessary for managers to identify lands suitable or unsuitable for wilderness 

recommendations. Data on local roads, trails, structures, historical timber management, the pres-

ence of nonnative species, and other qualities must be evaluated to identify and prioritize places 

with high wilderness character. The importance of local evaluations notwithstanding, mapped 

national and global datasets increasingly provide opportunities to evaluate the importance of 

land based on a national or global perspective (Pouzols et al. 2014; Belote and Irwin 2017). 

In some instances, local evaluations may result in the national or global significance of areas 

being overlooked (sensu Noss et al. 2015). For instance, features that degrade wilderness char-

acter at a local level (e.g., an old cabin or a patch of invasive species) could result in managers 

downgrading or disqualifying areas for consideration as new wilderness areas. However, the 

same candidate lands – when compared to all other lands in the nation – may be of extremely 
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high value and represent some of the wildest remaining lands in the country. Only through a 

national or regional evaluation of candidates can such determination of relative quality be made 

(e.g., Belote and Irwin 2017). 

Moreover, through the wilderness inventory and evaluation process some candidates for 

recommended wilderness may be downgraded because of features that reduce wilderness 

character (e.g., cabins, bridges), even though such features may occur in existing wilderness 

areas. The NWPS is widely regarded as a national and global treasure for maintaining America’s 

remaining wildlands (Cordell et al. 2005). Yet, candidates for future consideration may be held 

to a higher standard than the lands that currently make up the NWPS. During local evaluations 

of wilderness character, it is critical to evaluate candidates for future wilderness recommenda-

tions at a national scale and compare wilderness character of candidates with that of the existing 

NWPS. 

Candidates for future consideration may be held to a higher 
standard than the lands that currently make up the NWPS

With the above concepts in mind, two primary questions were asked: (1) What is the range of 

variability in various metrics of wilderness character within the NWPS? (2) How do candidates for 

recommended wilderness compare to this range of variability?

Methods
Four metrics that serve as proxies for wilderness character were evaluated: human modifica-

tion (Theobald 2013); distance to roads (National Park Service 2013); light pollution (Monahan 

et al. 2012); and noise pollution (Mennitt et al. 2014). These four metrics (Figure 1) are among 

several national datasets that represent qualities associated with wilderness character and 

wildness (sensu Aplet 1999; Aplet et al. 2000; Watson et al. 2016). These metrics have been used 

to map wilderness character in several wilderness areas in the United States, generally provide 

estimates of gradients in wilderness character (Tricker et al. 2012, 2013, 2016, 2017; Burrows et al. 

2016), and represent nationally mapped data of relatively high resolution. Other national mapped 

datasets representing estimates of biological diversity priorities are also available (Dietz et al. 

2015; Jenkins et al. 2015; Belote et al. 2017) and could be used to evaluate the importance of 

these candidate lands as means of better representing biodiversity (Aycrigg et al. 2015; Belote 

and Irwin 2017). The intent here was to focus on nationally available mapped data representing 

four qualities closely associated with measures of wilderness character (Landres et al. 2015).  

Human modification data is based on land cover, human population density, roads, and other 

mapped metrics of ecological condition (Theobald 2013). Data are scaled from 0 (no measured 

human modification) to 1 (high degree of human modification). Distance to roads was calculated 

as the geographic distance (in meters) from all roads using Topologically Integrated Geographic 

Encoding and Referencing (TIGER) data available from the US Census (US Census Bureau 2015). 

This analysis was conducted with the EUCLIDEAN DISTANCE tool in ArcGIS 10.5, which resulted 

in gridded data where distance is assigned to each 90-meter resolution pixel for the contiguous 

US. Wilderness character is assumed to increase with distance from roads, although the decay 

of impact likely varies among ecosystems. Different types of roads are not differentiated here, as 

these differences are accounted for within the human modification data. Smaller distances are 

related to likely degraded wilderness character, based on increased human access, pervasive 

sights and sounds from the roads, and other ecological impacts associated with roads (Tricker et 

al. 2012; Burrows et al. 2016; Ibisch et al. 2016). 

Figure 1 –  Four datasets used as measures of wilderness character: human modification, distance to roads, light pollution, and noise pollution.
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Light pollution represents satellite-measured light intensity during the night from the Visible Infrared 

Imaging Radiometer Suite (VIIRS) nighttime lights data (Nelson et al. 2015). This mapped dataset 

serves as a measure of the intactness of the night sky. Higher values represent more intense light 

pollution and thus lower wilderness character (Tricker et al. 2012). Similarly, mapped data of human-

generated noise pollution is based on field observations and a spatial model using landscape features 

that influence sound propagation (Mennitt et al. 2014; Nelson et al. 2015). Greater intensity of human 

noises (higher predicted dBA) is associated with reduced wilderness character. The Forest Service 

2012 Planning Rule directives on wilderness evaluations suggests that “sights and sounds from out-

side the area” should be considered when evaluating wilderness suitability of candidates. Data on light 

and sound pollution provide a national dataset to evaluate these qualities of wilderness character.

For each of the four qualities, data were extracted for all 683 existing wilderness areas of the NWPS 

within the contiguous United States, along with 300 wilderness inventory areas among 9 national 

forests. Summary statistics were then calculated for each unit (Figure 2). Hereafter, wilderness inven-

tory areas are referred to as wilderness candidates, as they are among a pool of areas currently being 

considered for wilderness recommendations in national forest planning. The nine national forests 

included the Flathead and Helena-Lewis and Clark from the Northern Region (R1); the Cibola and 

Santa Fe from the Southwestern Region (R3); the Rio Grande from the Rocky Mountain Region (R2); 

the Sierra, Sequoia, and Inyo from the Pacific Southwest Region (R5); and the Nantahala-Pisgah from 

the Southern Region (R8). These areas were chosen because the Forest Service had completed 

identification of their candidate wilderness areas in these national forests at the time of our analysis. 

Candidate wilderness boundaries were obtained from local Forest Service staff. The mean distribution 

of each quality from all NWPS units in the lower 48 states was plotted using kernel density plots 

from the ggplot2 package in R. In addition, values from individual units were added as “rug plots” to 

evaluate the range for each quality. Data were also stratified based on Forest Service regions so that 

existing wilderness in different regions of the country were compared to candidates from the roadless 

area inventories in those same regions. 

Because these data represent a census of all areas, inferential statistics (e.g., using analysis 

of variance) were not conducted. Instead, visual comparisons were made of the distributions of 

data using the kernel density plots. The number of wilderness candidate units with characteristics 

more degraded than the range observed within the NWPS among and within regions were also 

evaluated. In other words, the number of wilderness candidates with greater human modification, 

were closer to roads, or were exposed to higher levels of light and noise pollution than existing 

wilderness areas were counted. Finally, as a post hoc analysis, mean elevation of wilderness 

areas and wilderness candidates was compared using a national 30-meter resolution digital 

elevation model to potentially explain observed patterns in wilderness character metrics. 

Figure 2 – The existing National Wilderness Preservation System and wilderness inventory areas (wilderness candidates) currently being 
evaluated among different Forest Service regions. 

Figure 3 – Human modification, distance from roads, light pollution, and noise pollution for all wilderness areas (black) and all 
wilderness candidate areas to date (green). The overlap registers as dark green.
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Results
When compared across the lower 48 states, all candidates for recommended wilderness were 

within the range of values observed within existing wilderness areas of the NWPS (Figure 3; 

Table 1). The kernel density distribution of values for each quality varied little when compar-

ing wilderness areas with wilderness candidate areas, although wilderness areas tended to be 

farther from roads than wilderness candidate areas (Figure 3). 

When comparing human modification values within region, 6 (2% of total) wilderness candidate 

areas among all regions were outside the range of values observed within wilderness areas (Fig-

ure 5; Table 1). The distribution of human modification in wilderness candidate areas overlapped 

wilderness areas for nearly all regions. The wilderness candidate areas were slightly more 

modified than the NWPS units in R1, R3, and R5 (Figure 4). When comparing distance from roads 

within region, 24 (8% of total) wilderness candidate areas among all regions were outside the 

range of values observed within wilderness areas (Figure 5; Table 1). Based on the distribution 

of values, wilderness candidate areas tended to occur closer to roads compared to wilderness 

areas in nearly all regions. 

When comparing light and noise pollution within region, 4 (1.3% of total) and 1 (<0.5%) of wilder-

ness candidates among all regions, respectively, were outside the range of values observed 

within wilderness areas (Figure 5; Table 1). Based on the distribution of values of light pollution, 

wilderness candidate areas tended to be very similar to wilderness areas in nearly all regions 

(Figure 6). However, R2 wilderness candidate areas tended to experience less light pollution, 

whereas R8 wilderness candidate areas tended to experience more light pollution compared 

to wilderness in those regions (Figure 6). Based on the distribution of values of noise pollution, 

wilderness candidate areas tended to be very similar to wilderness areas in nearly all regions 

(Figure 7). Finally, average wilderness candidate areas were slightly higher in elevation (2,198 

meters/7,211 ft. above sea level) than wilderness areas (1,413 meters/4,636 ft. asl) in the regions 

assessed here.	

Table 1 – Number of wilderness candidates among five US Forest Service Regions and the number of those units that are more 
degraded compared to the range of values within existing wilderness areas of the NWPS.

Figure 4 – Distribution of human modification by region within wilderness areas of the National Wilderness 
Preservation System (black) and wilderness candidate areas (green). Individual units are shown as a “rug plot” and 
used to count units outside the range of conditions within the NWPS. 
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Figure 5 –Distance from roads by region within wilderness areas of the National Wilderness Preser-
vation System (black) and wilderness candidate areas (green). Individual units are shown as a “rug 
plot” and used to count units outside the range of conditions within the NWPS. 

Figure 6 – Light pollution by region within wilderness areas of the National Wilderness Preservation 
System (black) and wilderness candidate areas (green). Individual units are shown as a “rug plot” and 
used to count units outside the range of conditions within the NWPS.

Figure 7 – Noise pollution by region within wilderness areas of the National Wilderness Preservation 
System (black) and wilderness candidate areas (green). Individual units are shown as a “rug plot” and 
used to count units outside the range of conditions within the NWPS.
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Discussion
The wilderness character of wilderness candidates was almost always within the range of the 

existing NWPS. As citizens, stakeholders, and agency personnel evaluate candidates for future 

wilderness recommendations, this kind of national assessment of wilderness character should 

be an important step to ensure that candidates for wilderness are not held to a higher standard 

than lands within the existing NWPS. In fact, when pooled nationally, all wilderness candidate 

areas were within the range of values observed in the NWPS for each of the four metrics. 

	 As a sample of areas, wilderness candidates did tend to have higher degree of human 

modification and lower distance to roads compared to wilderness areas in some regions (e.g., 

R1, R3, and R5) based on the distributions of values. It was hypothesized that this was because 

wilderness candidates were lower in elevation than wilderness areas. Wilderness and other 

protected areas typically occur higher in elevation (Aycrigg et al. 2013) with steeper slopes 

compared to unprotected lands, which has provided easier access for building roads and har-

vesting timber (Belote and Aplet 2014), or otherwise converting land to agricultural commercial, 

or residential land uses. Contrary to expectations, wilderness candidates were slightly higher in 

elevation compared to existing wilderness among and within the regions studied here. Despite 

this pattern, wilderness candidates do tend to be closer to human development and roads 

compared to existing wilderness.  

Human modification and distance to roads both serve as measures of ecological integrity, 

degree of trammeledness, and outstanding opportunities for solitude, all of which represent 

wilderness character (Aplet et al. 2000; Theobald 2013; Landres et al. 2015). Despite the general 

patterns between wilderness candidates and wilderness areas in these qualities, no individual 

wilderness candidate could be considered more degraded than the range of the existing NWPS, 

and only a few could be considered more degraded than the range of values within the region. 

Wilderness candidates in the Southwestern Region (R3), however, had the greatest number 

of areas (23% of units) outside of the range of existing wilderness in that region with respect to 

distance from roads. 

Light and noise pollution varied little between wilderness candidates and wilderness areas. 

In fact, in the Rocky Mountain Region (R2), wilderness candidates were characterized by darker 

night skies (less light pollution) than existing wilderness. Like distance to roads, the largest 

number of wilderness candidates that had more light pollution than the existing NWPS occurred 

in the Southwestern Region (R3), which may reflect proximity to urban or developed areas 

around Santa Fe and Los Alamos, New Mexico, and the surrounding national forests. Light and 

noise pollution impact ecological systems (Longcore and Rich 2004; Mennitt et al. 2014; Shannon 

et al. 2016) and can erode wilderness character (Tricker et al. 2012). Dark night skies with intact 

star-viewing opportunities and quiet outdoor experiences free from human-generated noises all 

represent important qualities of wilderness character and wildness (Aplet et al. 2000).

Taken together, these results suggest that in most cases, candidates for recommended wilder-

ness represent lands that are as wild as the existing NWPS. As human populations increase and 

land use expands (Sohl et al. 2014), protecting the remaining wildlands is increasingly recognized 

as a key global, national, and local conservation priority (Venter et al. 2016; Watson et al. 2016; 

Belote et al. 2017). Wilderness areas and the NWPS represent a critical tool used to protect the 

remaining wildlands. The process by which agencies evaluate lands for potential wilderness 

recommendations is central to adding lands to this system. Although local evaluations will con-

tinue to be essential to assessing wilderness character (sensu Landres et al. 2015), national and 

global datasets increasingly allow for broad-scale analyses to evaluate lands across larger areas 

(Belote and Irwin 2017).

Ultimately, only the US Congress has the authority to legislatively designate new wilderness 

areas, which requires social and political processes. Agency recommendations to Congress, 

however, are an important aspect of designating new wilderness areas, as well as administra-

tively maintaining the wilderness character of lands classified as recommended wilderness. 

Given the loss of wildlands globally (Watson et al. 2016) and nationally (Theobald et al. 2016), 

it is imperative that a national context is applied to decisions of how wilderness character is 

protected and managed on federal lands. 

In conclusion, four nationally available mapped datasets representing measures of wilderness 

character were used to compare wilderness candidates with existing wilderness areas. This 

analysis was used to identify whether and how many wilderness candidates fell outside the 

range of the existing NWPS. Local evaluations could use the same framework to compare wil-

derness character of candidates with the existing system. If local assessments measure features 

that erode wilderness character (e.g., old roads, cabins, historical timber harvests) within lands 

serving as candidate for wilderness recommendations, managers could compare these qualities 

to nearby wilderness areas. Although wilderness areas represent some of the wildest and most 

intact lands in the country, they are not without human impacts (Cole and Yung 2010). Candi-

dates for future wilderness should not be held to a higher standard than the existing NWPS.  
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