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(ABSTRACT) 
 
 

Rock climbing surged in popularity in the 80’s and 90’s, leading to ecological impacts. This 

study developed a procedure manual and measured the impact at 16 climb areas, totaling 241 

climbs. Mapping showed the impact at the base of the cliff is composed of lines and nodes. The 

lines are the access trails; the nodes are areas of impact that form at the base of climbs. Because 

the process is similar to campsite formation, the cliff base nodes are called climbsites. A model 

to predict climb impact was developed using multiple regression. Sport climbs had nearly three 

times as much impact as traditional climbs, as well as a different set of predictive factors. 

Overall, climbing impacted 0.01% of the area and 0.4% of the cliffline of the study area. 

Climbing causes little avoidable damage; so impact reduction efforts should focus on site 

hardening and actions to spatially concentrate climbing activities.   
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Key Figures 

Figure 5.1. Areas of impact at a typical, popular, rock climb area- climbsites and trails 
 
 

Measured area of impact at climb areas
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Figure 6.1. The area of impact, the climbsites, at the base of the cliff at the sixteen climb 
areas. 
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Chapter 1—Introduction 
 

“Are we loving our parks to death?” 
 

Environmentalism gave birth to the back-to-nature movement, greatly increasing 

backcountry impact. “By virtue of their massive numbers, these users pose a real and 

significant threat to the very resource they so cherish” (Marion 1991). The question “are 

we loving our parks to death” challenges managers to develop strategies that permit the 

recreational use of forest and park without compromising their ecological and aesthetic 

integrity (Marion 1991). Rock climbing, introduced to eastern North America 50 years 

ago, has undergone a surge in popularity in the 80’s and 90’s leading to increased impact 

on access trails, at staging areas at the base of cliffs and on the cliffs themselves (Genetti 

& Zenone 1987, Kelly and Larson 1997, Nuzzo 1996). 

 

The photo (figure 1.1) shows a typical popular rock climb area. Many people are 

in the area enjoying the climbing. Unfortunately the heavy foot traffic has removed all 

the vegetation cover—only dirt is left. The bare dirt can be an aesthetic problem that 

limits the enjoyment of future climbers. The ecological damage can lead to calls for 

limits on this activity. 

 

This research presents a statistical model of the factors that lead to variation in the 

amount of environmental impact at rock climbs. The area of bare ground at the base of 

the climb is used as a surrogate for environmental impact. The research was conducted in 

the Red River Gorge Geological Area, a sub area of the Daniel Boone National Forest, 

Kentucky, USDA Forest Service (figure 1.2). The general Red River Gorge area, 
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Figure 1.1 Climbing, belaying and hanging out at a popular rock climb area. 
Note the large area of bare ground in the background 
                                                              (www.redriverclimbing.com, c2004)  
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Figure 1.2. The location of the Red River Gorge area in eastern Kentucky, USA. 
The region is reasonably accessible by expressway from the major metropolitan 
areas of Lexington, Louisville, Cincinnati, Indianapolis and Columbus. 
                                                                           (Bronaugh, 1998, page iv) 
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including the Red River Gorge Geological Area (RRGGA), is one of the most popular 

rock climb areas in the United States. People come from throughout the United States and 

overseas to climb there. 

 

A multiple regression model was developed to identify the important variables in 

determining environmental impact. The impact at 16 climb areas, totaling 241 climbs, 

was measured using procedures developed as part of this research. Technical rock 

climbing is divided into two main branches based on the equipment used—sport climbing 

and traditional climbing. In the study area, sport climbs averaged 280 ft-sq of impact. 

Traditional climbs averaged 94 ft-sq of impact. (A difference of means t-test indicates the 

difference in averages is statistically significant, p< 0.0000). The size of the area 

impacted is the result of a combination of human actions (with some differences due to 

terrain differences). The human actions include factors such as number of climbers using 

the climb, the climbers’ behavior, the climbers’ length of stay at the base of the climb, 

and the group size. 

 

The regression model found the variables that predict environmental impact are different 

for the two types of climbing. For sport climbs, predictive variables include the trail 

quality, number of similarly rated climbs at the area, and presence of overhanging rock. 

For traditional climbs, an almost completely different set of factors is important, such as 

the climb difficulty rating, the climb quality, the approach trail length, and the presence 

of overhanging rock. Conversely, many variables were tested and found not to be 
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important. For example, climb difficulty rating is not a predictor of impact at sport 

climbs. That is, for sport climbs, all else being equal, easier climbs do not have more 

impact than harder climbs. In contrast, for traditional climbs, as climbs get harder, impact 

decreases. 

 

The study area, the RRGGA, is an area of dramatic cliffs, natural arches and varied 

vegetation in south-central Kentucky. The Gorge is less than a half-day’s drive from the 

major population centers of Lexington, Louisville, Cincinnati, Indianapolis, and 

Columbus. The Gorge is located within the Pottsville Escarpment, on the western edge of 

the Cumberland Plateau, where the plateau drops down to the Blue Grass basin. A 

resistant sandstone cap layer over a softer limestone layer allows the streams eroding into 

the escarpment to form many miles of vertical, and even overhanging, clifflines. In 

addition to resisting erosion, the resistant sandstone forms an ideal surface for climbing. 

The study area is home to two federally proposed, endangered or threatened species—the 

white-haired goldenrod and the Virginia big-eared bat. The white-haired goldenrod 

inhabits generally dry sandstone rock shelters and cliff faces. The Virginia big-eared bat 

utilizes caves and cliffline habitat. In the Red River Gorge, some climbs have been closed 

to protect white-haired goldenrod.  

 

Humans have inhabited the Red River Gorge area for at least 10,000 years. The rock 

shelters and clifflines of the Gorge contain hundreds of significant archeological sites. 

Some climbs are closed to protect archeological sites. In more recent history, 1769 saw 

Daniel Boone pass through the area. Niter mining occurred in many rock shelters around 
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the time of the War of 1812. In the last half of the nineteenth century, loggers denuded 

the area of practically all timber. By the 1970’s the Forest Service had purchased the area 

and the trees had grown back. Hiking, camping, canoeing, nature watching, hunting, 

fishing, rappelling and rock climbing are popular uses of the Gorge and surrounding area. 

 

The climbing guidebook, Red River Gorge Climbs (Bronaugh 1998) lists 44 climb areas 

in the RRGGA. Of these, 16 areas were included in this study (figure 1.3). Areas were 

excluded from the study if the impact at the base of the cliff could reasonably be expected 

to be from non-climbing uses. Examples of non-climbing uses are rappelling and party 

camping. Climb areas were also excluded if they could not be found following the 

descriptions in the guidebook or by looking for climb impacts in likely locations. Several 

areas at the end of the recently closed Tunnel Ridge Road were also excluded under the 

assumption that the impact pattern will be unstable as the area reacts to going from a 

relatively accessible area to an inaccessible area. All of the remaining areas that were 

expected to have high, medium or low impact were included. A convenience sample was 

taken of areas where little or no impact was expected. 

 

The first task of this research was to develop a procedure to monitor the impacts of rock 

climbing. Procedures developed by recreation ecology researchers to monitor the impacts 

of camping were adapted to study rock climb impacts.  

 

The study of wildland recreation resource impacts and their management is called 

Recreation Ecology. Recreation Ecology deals with the impact of wildland and outdoor  
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Figure 1.3. The climb regions within the Red River Gorge area.  
This study covers the Red River Gorge Geological Area, RRGGA. The 
eastern parts of Gray’s Branch and Northern Gorge, and all of Middle 
Gorge, Upper Gorge and Eastern Gorge are in the RRGGA and are 
included in this study (Bronaugh 1998, page 16).  
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recreation on natural or semi-natural environments (Hammitt and Cole 1998). Impacts 

include soil exposure, compaction and erosion; tree and seedling damage; wildlife 

disturbance and water pollution (Leung and Marion 1999).  

 

A key to balancing ecological and recreational concerns is the data that results from 

impact monitoring. Many researchers have developed and refined procedures to record 

the impacts from recreation on natural resources (Frissell 1978; Cole 1989; Marion 1991; 

McEwen, Cole and Simon 1996; Rochefort and Swinney 2000). The rock climb 

monitoring procedure developed as part of this research is based on the campsite 

procedures detailed in the manual: Developing a Natural Resource Inventory and 

Monitoring Program for Visitor Impacts on Recreation Sites (Marion 1991). 

 

The area of disturbed ground was measured at the base of each climb. Within the area of 

impact (the disturbed ground) the percent of vegetation cover and the percent mineral soil 

exposure was recorded. A count of damaged and undamaged trees was recorded. Tree 

damage can range from broken branches, nails in the trunk, to carved initials, to axe 

hacks, all the way to tree stumps. For the trees in the impact area, root exposure classes 

were recorded as an indication of erosion. The amount of trash and a count of fire scars 

were also recorded. 

 

While in the field, the length and quality of the access trail to the climb area were 

recorded. The location of the trailhead parking lot was noted for later calculation of the 

road distance from the expressway exit to the trailhead. 
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The climbing guidebook for the area, Red River Gorge Climbs (Bronaugh, 1998), was 

used to locate and identify the climb areas and climbs. The guidebook was also the source 

for several of the independent variables used to model impact. For each climb, the 

guidebook indicated the type of climb (sport or traditional), the climb difficulty rating 

(5.0 to 5.13c), the climb quality (none to three stars), the presence or absence of a map of 

the climb areas or a photo of the climb, and an indication whether or not the cliff is 

overhanging at the climb.  

 

The climbing impact was modeled using ordinary least squares multiple regression. Area 

of impact at the base of each climb was the dependent variable. Fourteen independent 

variables were tested for significance in the regression model. The independent variables 

were type of climb, climb difficulty rating, climb quality, access trail length, access trail 

quality, road distance from the expressway exit to the trail head, presence or absence of a 

map of the climb area in guidebook, presence or absence of a photo of the climb in 

guidebook, whether or not the cliff overhangs the base of the climb, and the number of 

similarly rated climbs at the area. To meet the requirements of the statistical analysis, 

some variables were converted to a dummy or dichotomous form. To obtain normality of 

the residuals of the regression analysis, a logarithmic transform was used on the 

dependent variable (area of impact). 

 

In many cases, the climbs were close enough together along the cliff face so the area of 

impact at the base of each climb grew together into one large area of impact. As a first 
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approximation, for the purposes of modeling, the large area was divided equally among 

the climbs that contributed to that area. The regression model was run based on all the 

climbs and an equation was generated to predict the impact at each climb. In general, the 

model indicated that the first approximation of equal contribution was not correct. The 

area of impact predicted by the regression equation was then used to re-divide the large 

area of impact. The model was re-run based on the new areas. The re-estimation process 

was continued iteratively until the results converged on an answer. 

 

The remaining chapters in this thesis will elaborate on the discussion in this introduction. 

Chapter two will review the literature on recreation ecology-- what are the impacts due to 

wildland recreation and how are those impacts measured and managed. Chapter three will 

describe the study site—it’s geology, flora, human history and current land use and 

management. Chapter four will describe rock climbing—the equipment used and 

particularly the differences and similarities between sport and traditional climbing. 

Chapter five will describe the methodology of the study—including how the impact is 

measured in the field and then mapped, a description of the variables, and the procedure 

and requirements for modeling using multiple regression. Chapter six will give the 

findings and analysis—a visual correlation between climb locations and area of impact 

(and exceptions), the statistical significance of the hypothesized explanatory variables, a 

comparison of camping and climbing impacts, and an assessment of climb impact relative 

to the whole size and cliffline length of the RRGGA. Chapter seven contains the 

conclusions and implications. The literature cited is next. Finally, the appendices contain 
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the Rock Climb Monitoring Manual, the field data from the 16 climb areas (data sheets, 

graphs and maps), and spreadsheets of the data used in the regression model.  
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Chapter 2—Literature Review 
 

I. Introduction 

Environmentalism gave birth to the back-to-nature movement, greatly increasing backcountry 

impact. “By virtue of their massive numbers, these users pose a real and significant threat to the 

very resource they so cherish” (Marion 1991). The question “are we loving our parks to death” 

challenges managers to develop strategies that permit the recreational use of parks without 

compromising their ecological and aesthetic integrity (Marion 1991). 

 

This balancing of ecology and recreation creates conflict in the managers’ role. The manager of a 

public wildland is charged with protecting natural resources and processes while providing high-

quality recreational experiences (Leung and Marion 1998, Marion and Farrell 2002, DBNF Forest 

Plan 2004). 

 

Rock climbing, introduced to eastern North America 50 years ago, has undergone a surge in 

popularity in the 1980’s and 1990’s leading to increased impact on access trails, at staging areas at 

the base of cliffs and on the cliffs themselves (Genetti and Zenone 1987, Kelly and Larson 1997, 

Nuzzo 1996). Marion and Cole (1996) write about campsites, but the ideas should apply equally to 

the impacts at the base of rock climbs. Marion and Cole say information about spatial and temporal 

variation of campsite impacts is critical to minimizing the effects of recreational use of natural 

areas. Managers can utilize this information to develop strategies for managing the intensity, 

distribution and timing of use. Better information will allow more informed decisions about the 

effects of concentrating or dispersing use, about the durability of different sites, about the 

appropriateness of a rest-rotation scheme for campsites and about the ability of disturbed sites to 

recover (Marion and Cole 1996). 
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a. Recreation Ecology 

The study of impacts to wildlands from nature-based outdoor recreation (e.g. hiking and camping) 

has its academic foundation in the field of Recreation Ecology (Hammitt and Cole 1998). 

Wildlands can be defined as natural and semi-natural places with minimum modification by man—

minimum construction, minimum cultivation. Wildlands can be found in officially designated 

wilderness areas in the US, as well as in National Forests, National Parks, nature conservancies, 

estates, farms, ranches, city parks, and even in urban areas along rivers, gulches or otherwise 

undeveloped areas (Wildland 2006). Recreation impacts to wildlands include soil exposure, 

compaction and erosion; tree and seedling damage; wildlife disturbance; and water pollution 

(Leung and Marion 1999). Recreation Ecology can help determine the significance of impacts. For 

example, “We might agree that 95% of the spiders on the forest floor of a campsite have been 

eliminated by recreation use; we are unlikely to agree about how important this change is. We 

might not even be able to agree on whether this is a positive or negative change” (Hammitt & Cole 

1998:10).  

 

In a recreation context, impacts become good or bad, important or insignificant, only when humans 

make value judgments about them. Those judgments are determined primarily by the types of 

recreation targeted for an area, the objectives of various user groups and the objectives of resource 

management (Hammitt and Cole 1998). Knowledge from the field of Recreation Ecology can assist 

managers in understanding the intensity and distribution patterns of impacts; impact processes; and 

the effectiveness of strategies to manage impacts (Marion and Farrell 2002, Leung and Marion 

1999). 

 

Acceptability of impact is a function of both the ecological significance of the alteration and human 

perception. Any recreational use of wildlands produces impact. The manager’s role, in general, is 
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not to halt change within wildland areas, but to manage for acceptable levels of environmental 

change (Hammitt and Cole 1998). 

 

b. Land Managers 

Most wildland recreation takes place on public lands—most management responsibility falls to 

public agencies (Hammitt and Cole 1998). Much research on wildlands is focused on the needs of 

public agencies. Wildland recreation takes place on lands managed by the National Park Service, 

US Forest Service, Bureau of Land Management, Federal Fish and Wildlife Service, and numerous 

state agencies. There is also a growing body of wildland owned by private organizations, such as 

The Nature Conservancy. Rock climbers and individuals interested in attracting rock climbers are 

developing their property for rock climbing. Examples of this kind of private development in the 

Red River Gorge area are the climbing areas at Torrent Falls, Pendergrass Murray Preserve, 

Roadside Crag and Muir Valley (Ellington 2005). 

 

II. Outdoor Recreation Types and Impacts 

a. Why People Recreate 

Although most types of recreation are fun and non-work orientated, people’s goals and desired 

benefits are usually diverse. The notion of recreation as constructive, rewarding and restorative is at 

least as important as the notion of recreation as fun (Hammitt and Cole 1998). Outdoor recreation 

has increased greatly in recent decades. These pursuits are highly valued by a substantial proportion 

of the population, and they depend on a largely natural environment (Cole 1989a). 

 

b. Types of Wildland Recreation 

Wildland recreation activities are those activities conducted outdoors in wildland areas which are 

dependent on the natural resources of the area. Examples of human-powered, land-based activities 
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include hiking, camping, mountaineering, rock climbing, bird watching and cross-country skiing. 

Water-related wildland recreation activities include kayaking, canoeing and sailing. Non-foot-

powered recreation includes horseback riding and mountain biking. Motor powered activities 

include riding motorcycles, all-terrain-vehicles (ATV), power boats and snowmobiles. 

 

The above-described activities represent non-consumptive use of wildlands. Consumptive 

recreation includes hunting and fishing. 

 

c. Impacted Components of the Ecosystem 

Four broad areas of the wildland ecosystem are impacted by recreation: soil, vegetation, wildlife 

and water (Hammitt and Cole 1998). Soil is compacted by recreation traffic on trails and at 

destinations such as campsites, scenic overlooks, canoe launch sites, lakeshores, and the base of 

rock climbs. Soil compaction reduces water infiltration rates. It also increases runoff and therefore 

erosion. The changes in soil structure and loss of soil can lead to reduction in soil productivity and 

the ability to grow vegetative cover. 

 

Vegetation loss and vegetation composition change are common at recreation sites. In some 

instances these are positive changes—many people prefer hiking trails and campsites that are 

largely free of vegetation groundcover. Campers may even consider large bare areas as amenities 

which ease the placement of their tents (White, Hall and Farrell 2001). As with many impacts, it is 

a matter of degree. Too much loss in an area can be an aesthetic problem. Recreation impact to rare 

and endangered species is a negative impact. Vegetation loss, combined with wind or rain, may 

increase soil erosion. 
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Recreation can also impact wildlife. Studies show that human disturbances result in changes in 

wildlife physiology, behavior, reproduction, population levels, species composition and diversity. 

In many cases the major source of wildlife impact is the recreationist who innocently produces 

stressful situations for wildlife, primarily through unintentional harassment of wild animals. Some 

wild animals are attracted to recreationists and alter their behavior in response to the presence of 

humans. Panhandling black bears and chipmunks in campsites seeking human foods are typical 

examples of negative adaptations by wildlife (Hammitt and Cole 1998). 

 

Water in the backcountry is both a medium for water-based activities and a source of drinking 

water. Water-related impacts are different from soil, vegetation and wildlife impacts in that water 

quality is more directly related to human health. Recreation-related research has focused on nutrient 

enrichment of water, suspended solids, reduced dissolved oxygen and bacterial contamination in the 

form of fecal waste.  

 

d. Types of Impacts to the Wildland Resource 

Impacts due to recreation can occur anywhere in the backcountry—but the two primary locations 

are on trails and at campsites (Leung and Marion 2000). Campsites are especially impacted due to 

the activity concentration and duration of stay that occurs at campsites. Trails generally represent a 

major area of impact because of their extensive length- including sections of trail braiding and 

informal trails leading from designated trails. 

 

Loss of vegetation is the first change to occur and begins as trails and campsites are established. 

The initial vegetation removal may be by the land management agency to make the trails and 

campsites. In backcountry areas, users frequently develop their own trails and campsites through 

repeated use. 
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Vegetation loss occurs to both the groundcover and shrub layers, occasionally to the canopy layer. 

The composition of vegetation can also be altered by recreation. The more fragile forb type ground 

cover can be eliminated in favor of graminoids (grasses) due to trampling (the trampling can be by 

people, stock or wheeled vehicles). The loss of native vegetation opens the site for the entry of 

exotic species. Recreationists, especially campers, can damage trees in various ways, such as by 

chopping off limbs, carving on the tree, exposing trees to the heat of gas lanterns, or by walking on 

exposed roots. Trampling at campsites can also prevent tree seedlings from growing which results 

in cutting off the supply of new trees to replace existing trees when they die (eventually changing a 

shaded campsite into a sunny site). 

 

Even modest amounts of trampling eventually destroy the vegetation, resulting in exposure of the 

organic soil horizon. Further mechanical action from feet, hooves, and wheels, along with rain and 

water runoff, can remove the organic layer and expose the mineral soil. The erosion of the organic 

and mineral soil layers reduces plant productivity and exposes tree roots to mechanical damage 

(Hammitt and Cole 1998). 

 

Recreationists can also impact the backcountry with litter, fire scars and human waste. Cultural 

resources, like archeological sites can be affected by carbon-14 contamination from campfires and 

by artifact displacement in eroded areas.  

 

e. Trampling 

“Trampling, either by humans or recreational stock, is the fundamental impact force applied to trails 

and campsites, directly affecting vegetation and soils within the trampled zones” (Leung and 

Marion 2000:33). Trampling experiments have been conducted for many years (Hammitt and Cole 
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1998, Marion and Cole 1996, Cole 1989a). Plants vary widely in their resistance to trampling and in 

their regrowth resilience when trampling stops. Of the understory plant types, the forbs, which grow 

in closed canopy areas, are least resistant to trampling. Gramanoids, grass type plants which grow 

in open canopy areas, are more resistant to trampling. If the canopy is open enough, trampling can 

cause a shift from forb to graminoid. If the canopy is not open, the forbs will be eliminated, 

resulting in bare ground. 

 

Another key feature of trampling is the asymptotic curvilinear relationship between use and impact 

(Hammitt and Cole 1998). Initial low amount of use causes rapidly increasing loss of vegetation 

ground cover that levels off as vegetation loss approaches 100%. In other words, initial low to 

moderate levels of use cause most of the damage (Hammitt and Cole 1998, Marion and Cole 1996, 

Cole 1989a). 

 

f. Social Impacts 

Recreation also has social impacts. Crowding at backcountry campsites can reduce enjoyment for 

recreationists—e.g., large loud groups close to small passive groups. Conflict may occur between 

human powered recreationists (e.g., hiker, kayaker or cross-country skier) and motor-powered 

recreationists (e.g. ATV rider, motor boater, or snowmobiler). Conflicts can also occur between 

consumptive users of the backcountry (e.g. hunters) and non-consumptive users.  

 

III.  Rock Climbing Impacts 

The use of wildlands for rock climbing can be broken down spatially into roadside parking, the 

approach trail, the staging area at the base of the cliff, the cliff face, the cliff top and the descent 

trail (Blackwell 2001, Leung and Marion 2000). 
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Approach trails are frequently user-created and, therefore, do not have the benefit of professional 

design. The climber-created trails tend to be in steep areas and, thus, are prone to erosion. The base 

of the climb is a use concentration area, like a campsite, and thus is subject to those same trampling 

pressures as a campsite (Genetti and Zenone 1987). The cliff face, due to its inaccessibility, can 

contain the last fragments of pre-settlement forest in the area (Camp and Knight 1998, Kelly and 

Larson 1997). The cliff face can be a unique study area for ecologists that can be disturbed by rock 

climbers. Rock climbers can also disturb specific species, such as snails (McMillan, Nekola, Larson 

2003) and nesting raptors (Genetti and Zenone 1987). 

 

Rock climbing can cause aesthetic problems on the cliff face from chalk and climb gear left 

purposely on the cliff face (Genetti and Zenone 1987, Blackwell 2001). Gear left on the cliff face 

can include bolts for sport climbing and top anchors used by both sport and traditional climbers. 

Not all climbs finish at the top of the cliff, but those that do can cause the same type of trampling 

disturbance at the top of the cliff as seen at the base. For climbs that end part way up the cliff and 

for some cliff top climbs, the climbers return to the base by rappelling. In those cases, the impact is 

limited to that caused by the addition of a top anchor. The descent for climbs ending at the cliff top 

may be by walking down a descent trail. This descent trail is frequently steep and so is subject to 

the same type of erosion problems as steep approach trails. 

 

IV.   Strategies to Evaluate Recreation Induced Environmental Changes 

While some would ban all recreation use of wildlands to protect the pristine nature of wildlands 

(Turner 2002), society and public policy have made these areas available for recreational use 

(Hammitt and Cole 1998, Marion and Farrell 2002, DBNF Forest Plan 2004). Ecosystems are 

always undergoing change and succession; recreation will add to and frequently speed up this 
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change. “Management’s role, in general, is not to halt change within wildland areas, but to manage 

for acceptable levels of environmental change” (Hammitt and Cole 1998:13). 

 

  a. Limits of Acceptable Change 

To manage recreation, the geographers George Stankey and David Cole, and others at the US 

Forest Service, developed the “Limits of Acceptable Change” process (LAC) (Stankey, Cole, 

Lucas, Peterson and Frissell 1985). The National Parks System uses a similar system, “Visitor 

Experience and Resource Protection” (VERP).  The following steps summarize the LAC process. 

First, opportunity classes are defined for different areas of the wildlands. The classes describe the 

activities, settings and experiences desired for that area. The recreation opportunity classes may 

follow those described by the “Recreation Opportunity Spectrum” (ROS) (Hammitt and Cole 

1998). Next indicators and standards are selected to quantify the conditions for the area. Then, 

current conditions are monitored and compared to the desired conditions. Management action is 

then taken for indicators that are out of acceptable range. The range of allowed management actions 

is constrained by the objectives set for the area. For example, signs reminding visitors of 

regulations could be appropriate in a developed campground, while likely inappropriate at a 

wilderness backcountry campsite. 

 

b. Monitoring Procedures 

A key component of the LAC process, and the whole process of balancing ecology and recreation, 

is the data that results from monitoring. Many researchers have developed and refined monitoring 

procedures to record the impacts from recreation on natural resources (Frissell 1978; McEwen, Cole 

and Simon 1996; Rochefort and Swinney 2000; Cole 1989b; Marion 1991). Monitoring procedures 

for campsite impacts can be classed into groups that use photographs, condition class estimates, 

multiple parameter ratings or multiple parameter measures (Hammitt and Cole 1998). The four 
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different types of monitoring procedures differ in their ease of use, sensitivity to detect change, cost 

to collect data and their quantitative analytic power. With respect to multiple parameter measures, 

Hammitt and Cole (1998: 240) distinguish between interval/ratio measurements and ordinal scale 

ratings, saying “the best way to get accurate, replicable data is to take careful measurements in the 

field. Where they can be afforded, measurements are best”. Hammitt and Cole go on to suggest a 

compromise multiple parameter system that takes the time for measurements when precision is 

needed but uses quick ratings (categorical or ordinal scale data) where those are sufficient. Hammitt 

and Cole (1998:242) recommend the procedure manual, Developing a Natural Resource Inventory 

and Monitoring Program for Visitor Impacts on Recreation Sites (Marion 1991). 

 

The Marion procedure (Marion 1991) for campsites maps the boundary of the campsite and then 

calculates the impact area from this map. The procedure then records the category rating for 

vegetation groundcover and mineral soil exposure on the campsite and on an adjacent control site. 

The number of damaged trees and trees with root exposure are counted and recorded in categories 

of none, moderate or severe. Number of tree stumps is counted. Litter and human waste are graded 

as none, some and much. 

 

c. Impact Indexes 

The use of indexes is a way to simplify, summarize and integrate the mass of data resulting from 

the multiple indicator measurement methods (Leung and Marion 1998). Indexes are mathematical 

combinations of two or more indicators. An example of an index would be severity of impact 

multiplied by area of impact (Cole 1994). Another example is a recreational soil-loss index 

(Morgan and Kuss 1986). Morgan and Kuss use the universal soil loss equation to combine the 

effects of rainfall, slope, and soil erodibility when evaluating the physical carrying capacity of 

natural areas for outdoor recreation.  
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Spatial indices include symbol and proportional symbol maps and spatial density calculations. Cole, 

Watson, Hall and Spildie (1997) surveyed campsites and mapped their locations with symbols 

indicating impact index values. Examples of spatial density indexes are campsite density or trail 

density calculated for an administrative area (e.g. RRGGA) or per unit area (e.g., per acre or per 

hectare) (Leung and Marion 1998). 

 

More sophisticated spatial indexes have been examined by Leung and Marion (1998). They used 

the Gini coefficient and Linear Nearest Neighbor indexes to examine the spatial distribution of trail 

impacts. 

 

d. Spatial Pattern of Recreation Impact 

As with many aspects of geographic study, recreation activities and impacts can be examined as 

linear features, nodes and areas (Leung and Marion 1998). Linear features include trails (both 

official system trails and informal user created trails) and roads. Nodes (“point” features) include 

facilities like toilets, snack bars and water fountains; attraction features like scenic overlooks, lakes 

and rock climb routes; day use recreation sites like a picnic grove or swimming hole; and overnight 

areas like campgrounds and campsites. On closer examination, many of these features also have an 

area component: e.g., trail width in addition to length (and even a volume component if considering 

trail depth from erosive soil loss). The node feature of a campsite or base of a rock climb has an 

associated area of impacted ground. 

 

The spatial qualities of visitor impact concern recreation resource managers. The proliferation of 

campsites and informal trails and the expansion of their sizes and length are considered significant 

problems by national park managers (Marion, Roggenbuck and Manning 1993). Proliferation of 
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new sites and expansion of existing sites appear to have a bigger ecological impact than increases in 

the intensity of impact on established sites (McEwen, Cole and Simon 1996).  

 

Spatial patterns are also useful in studying the social aspects of wild land recreation. Perceived 

crowding and conflict between different recreational users can be a function of the location of social 

interactions (Manning 1985).  

  

 

V. Strategies to Deal With and Prevent Unacceptable Impact 

As recreation use increases, and as use expands beyond the traditional recreational pursuits of 

hiking, camping and canoeing to new pursuits, such as geocaching and rock climbing, more and 

more areas will approach or exceed maximum acceptable levels of impact. What are the possible 

management actions? One of the debates has been between concentration of use and dispersal of 

use. A consensus is developing that both strategies have a place, but the literature suggests that 

concentration is more appropriate more of the time. Leung and Marion (1998:370) state “From an 

ecological perspective, visitor impacts resulting from the proliferation of new sites and expansion of 

existing sites appear to pose a greater threat to ecosystem health and aesthetic quality than increases 

in impact levels on existing sites”. Usually a little use causes most of the impact, additional use 

causes less and less additional impact—this is the curvilinear relationship between use and impact 

(Hammitt and Cole 1998). 

 

The number of visitors is not the only factor determining impact. The mode of travel is also 

important: be it hiking, horseback riding, mountain biking, boating or motor vehicle use. The group 

composition also is important: size of group, the length of stay in one spot, and the group’s 

commitment to minimizing impact. And, the condition of the resource is important: the time of the 
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year—growing season vs. dormant season; the environmental conditions—snow cover, wet ground, 

etc.; the site resistance to trampling; and the site resilience (the speed of recovery from impact). 

 

Strategies to reduce impact can deal with any or all of these factors. Many National Parks attempt to 

minimize impact problems in the backcountry by limiting group size, limiting length of stay, and 

requiring permits for overnight stays. “Yet is the only solution to tell users how to camp, where to 

camp, and how long to stay? Many of us, after all, seek the solitude and freedom of wildlands as 

temporary relief from a restrictive society” (Hampton and Cole 2003:3). “Further use limitations 

conflict with one of the primary objectives of recreation management—providing opportunities for 

recreation use and enjoyment” (Hammitt and Cole 1998:256).  

 

Education to change visitor’s behavior is one method to reduce impact. The Leave No Trace (LNT) 

organization provides educational materials and training classes in minimum impact techniques for 

the backcountry. With the greatly increased use of the backcountry, the old ethic of being self-

sufficient and able to feed, cloth and shelter your self in the backcountry with just an axe and a gun 

is no longer appropriate (Turner 2002, Hampton and Cole 2003). The LNT organization produces 

brochures for specific activities, such as rock climbing, horse use, mountain bikes and sea 

kayaking; and for specific ecosystems including Alaskan tundra, deserts and canyons, Northeast 

mountains, and the Southeast (LNT 2001, LNT 2003). 

 

a. Visitor Education 

The Leave No Trace message is actively promoted by the Daniel Boone National Forest on their 

brochures and maps (DBNF Trail Map 1998) and with displays at the Gladie Cultural-

Environmental Learning Center in the RRGGA. 
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b. Strategies to Concentrate Visitor Use 

For all but the lowest use areas, the minimum impact strategy is to concentrate use on as few sites 

as possible and take steps to keep the sites as small as possible. Regulations can restrict camping to 

designated sites only, or travel to system trails only. Less intrusive methods provide well-designed 

and maintained campsites and trails that encourage visitor use. Using side-hill construction 

techniques to build campsites on sloping terrain uses the sloping ground outside the campsite 

boundaries to naturally concentrate visitor use to the site (and prevent site expansion) (Marion and 

Farrell 2002). Permanently located fire rings and picnic tables further concentrate visitor use to help 

keep campsite size to a minimum (Marion and Farrell 2002). 

 

c. Site Management Strategies to Reduce Impacts 

When use is concentrated, it is important to have sites that can withstand the impact. Selecting a 

durable site for campsites or a durable route for a trail is probably the most important tool for 

managing impact (Hammitt and Cole 1998). The most important environmental factors influencing 

durability are usually topography, soil moisture and soil erodibility. Engineering techniques can be 

used to mitigate problems with less than ideal locations. Engineering techniques may be needed for 

popular destinations, such as scenic overlooks, natural arches, rock climb areas or rappelling sites 

that cannot be relocated the way a poorly sited campsite or trail can be relocated. 

 

Trail erosion and damage from wet or poorly drained areas are the most common problems 

(Hammitt and Cole 1998). “Out-sloping”, drainage dips, and water bars drain water off trails before 

it builds to a torrent and so reduce erosion. Bridges protect against erosion to stream banks where 

trails cross streams. Wet trails and destination areas can be helped with stepping stones, turnpiking 

or elevated walkways. Surfacing of trails may be necessary where use is very heavy—gravel, wood 

chips, soil cement and paving have been used. Geosynthetic materials buried beneath soil or gravel 
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serve as a barrier between underlying wet soils and the dry course tread material. (Hammitt and 

Cole 1998). 

 

Shielding with gravel or wood chips can protect campsites, picnic areas and other concentrated use 

areas. This surfacing is also a visual clue to site boundaries and can serve to concentrate use. 

“Although such surfacing is generally inappropriate in wilderness areas, it is debatable whether 

surfaced areas are any less “natural” than barren, dusty, or muddy devegetated areas” (Hammitt and 

Cole 1998:310). 

 

d. The “Costs” of Impact Management 

We return to the issue of balancing recreation use and the protection of natural resources. The 

literature discusses a range of options for reducing recreation impact. Each option has financial and 

personnel costs to the management agency. What about the “costs” to the recreationist? “Does 

asking or requiring visitors to camp on designated sites unacceptably diminish their freedom to 

travel or select a preferred campsite? How do visitors perceive campsite construction practices and 

facilities and do the practices unacceptably detract from the natural setting?” (Marion and Farrell 

2002:203). Is an engineered campsite any less “natural” than the typical barren and dusty area of a 

heavily used, user-created campsite (Hammitt and Cole 1998)? Does reducing road mileage or 

parking areas impose excessive costs on users who lack the extra time thus needed to get to internal 

destinations (Hammitt and Cole 1998)? 
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Chapter 3—Study Area: Red River Gorge Geological Area 
 

I. Introduction 

“Known for its rugged topography, the Red River Gorge is characterized by an 

abundance of rock arches and palisades, deep V-shaped valleys, cascading waterfalls, 

stone cliffs, and dramatic overlooks that provide sweeping vistas of heavily forested land. 

Red River Gorge lies in the Pottsville Escarpment at the western edge of the Cumberland 

Plateau. It contains the largest concentration of natural arches in the eastern United 

States” (Lander 1979:130). 

 

Climbers come from throughout the United States and many foreign countries to climb 

these sandstone cliffs. Climbing in the Gorge is rumored to have started in the 1950’s at 

Tower Rock. The earliest record of climbing is from August 1969 when Chimney Top 

Rock was climbed (Bronaugh 1998). In addition to rock climbing, Red River Gorge is 

popular for hiking, camping, rappelling, wild flower walks, canoeing, and auto tours. 

While ATV use is illegal in the RRGGA, entry occurs at many places on the periphery of 

the area. 

 

Rock climbing in the general Red River Gorge area occurs on a mixture of public and 

private lands. A succession of climbing guidebooks, covering more and more climbs, has 

been published over the years, culminating in the guide book by John Bronaugh, Red 

River Gorge Climbs, first edition 1993, second edition 1998 (Bronaugh 1998). The 

Bronaugh guidebook is the most popular guidebook, and the only guide to cover the 

whole area (though a new guidebook has recently been published, Ellington 2005). As 
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new climbs are discovered, the route information is disseminated in what amounts to an 

electronic version of the guidebook at www.redriverclimbing.com, copyright by John 

Bronaugh, Ray Ellington and others. The study area, the US Forest Service designated 

Red River Gorge Geological Area, RRGGA, contains 421 of the 1039 climbs listed in the 

print version of the guidebook (Bronaugh 1998). 

 

The need for research documenting the impact of rock climbing was suggested by Joy 

Malone, district ranger, Stanton District, Daniel Boone National Forest (DBNF). The 

DBNF is conducting a program to document the impacts of recreation in the RRGGA. 

This documentation may become a part of the monitoring data for the Limits of 

Acceptable Change (LAC) process. (The LAC process has since been expanded to 

include some areas adjacent to the RRGGA). 

 

The 2004 Land and Resource Management Plan (also called the Forest Plan) will guide 

decisionmaking in the Daniel Boone National Forest for the next 10 to 15 years (DBNF 

Forest Plan 2004). The importance of understanding rock climbing impacts to the DBNF 

managers is reflected by this quote from the Forest Plan: “Clifflines in the RRGGA are 

also known internationally for their superior rock climbing experiences. The growing 

popularity of this activity nationwide has been reflected in a significant increase in rock 

climbing in the Gorge. Over the past five years, rock climbing has moved from an 

incidental recreational use to a major activity. This increased use has required much 

closer management to protect sensitive heritage and biological resources as well as 

quality rock climbing experiences” (DBNF Forest Plan 2004:B3-256). 
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II. Red River George Geological Area 

My study area is the federally designated RRGGA. The RRGGA is a subset of the area 

the general public calls “The Gorge”, “The Red” or “The Red River Gorge”. The 

RRGGA was designated a National Natural Landmark in 1976. The objectives of the 

designation are to “1) encourage preservation of sites illustrating geological and 

ecological character; 2) enhance scientific and educational value; 3) strengthen public 

appreciation of natural history; and 4) foster concern for conservation of Nation’s 

heritage” (DBNF Designations c. 2004). 

 

The RRGGA is in the Cumberland Ranger District of the Daniel Boone National Forest. 

(The RRGGA was in the Stanton Ranger District. The Stanton and Morehead districts 

were combined in 2005 to form the Cumberland District.) The RRGGA is about 29,000 

acres in size and includes the Clifty Wilderness. Clifty Wilderness is about 12,000 acres 

in size.  

 

The US Forest Service manages the RRGGA to emphasize conditions where “natural 

ecological processes and conditions dominate, but some human influence, primarily 

dispersed outdoor recreation, commonly occurs. The outstanding resource values that 

contributed to this area’s designation as part of a Geological Area and National Natural 

Landmark are protected and enhanced. Attributes that qualified this area as part of the 

National Historic Landmark and a National Historic District are protected.” Further, 

“dispersed recreation, in addition to environmental and heritage education are major 



 30

emphases for this area”. “Limited reliance on personal physical abilities and primitive 

skills are required except for activities such as rock climbing, rappelling, and 

backpacking. Most types of outdoor recreation activities and wildlife enhancements occur 

where negative impacts to natural resources and forest visitors can be mitigated or 

controlled” (DBNF Forest Plan 2004: A3-67). 

 

III. Clifty Wilderness 

Within the RRGGA is the “Clifty Wilderness”. The US Congress designated this 

wilderness area in 1985 (US Congress 1985). The 1964 Wilderness Act sets the 

designation and goals for the area. Per the act, “A wilderness, in contrast with those areas 

where man and his own works dominate the landscape, is hereby recognized as an area 

where the earth and its community of life are untrammeled by man, where man himself is 

a visitor who does not remain” (US Congress 1964:sec. 2c). “The goals of wilderness 

management are to protect a designated wilderness area’s naturalness and solitude” 

(Hendee and Dawson 2002:4). 

 

To these ends the management of the Clifty Wilderness is different from the RRGGA that 

surrounds it. From the 2004 Forest Plan, the Forest Service strives to manage the Clifty 

Wilderness so that “this is a primitive place where natural ecological succession is 

allowed to operate freely to the extent feasible. Little evidence of human activity can be 

detected… Dispersed recreation occurs, but evidence of other humans is not easily 

detected” (DBNF Forest Plan 2004: A3-39). With regards rock climbing; “No new rock 

climbing routes with fixed anchors are allowed. However, maintenance or replacement of 
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existing approved fixed anchors is allowed” (DBNF Forest Plan 2004: A3-41). Five of 

the sixteen climb areas in this study are in the Clifty Wilderness. 

 

IV. Cliffline Community 

Within the RRGGA and Clifty Wilderness is another relevant management zone (also 

called prescription zone)—the Cliffline community. “A Cliffline community is the area 

between 100-feet slope-distance from the top and 200-feet slope-distance from the 

dripline of a Cliffline. A Cliffline is a naturally occurring, exposed, and nearly vertical 

rock structure at least 10 feet tall and 100 feet long” (DBNF Forest Plan 2004:A3-5). The 

Forest Service manages this area to protect the species associated with this unique 

ecosystem. “Dispersed recreation (e.g., hiking, rock climbing, rappelling, bouldering, and 

camping) is generally allowed, unless adverse impacts to PETS species, habitat for 

Conservation species, or heritage resources listed or potentially eligible for listing on the 

National Register of Historic Places, cannot be mitigated” (DBNF Forest Plan 2004: A3-

6). 

 

V. Geology 
 
 

a. Physiography 
 
“Red River Gorge is located in the foothills of the Appalachian Mountains and has one of 

the finest collections of natural arches, pinnacles and cliffs in the United States” 

(Bronaugh 1998:1). Based on the divisions in Fenneman (1938) the Red River Gorge 

Geologic Area is in the Cumberland Plateau section of the Appalachian Plateau Province. 

The Cumberland Plateau is bounded on the east by the Cumberland Mountain Province. 
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To the north is the Allegheny Plateau—the northern extent of the Cumberland Plateau is 

defined as the drainage of the Kentucky River and its tributaries (Fenneman 1938) (the 

Red River is the northern most tributary of the Kentucky River). To the west, across the 

Pottsville Escarpment, are the rolling hills of the Bluegrass Region. “In the Kentucky 

River basin the (Pottsville) escarpment rises from the Lexington peneplain at 950 or 1000 

feet to heights ranging from 1300 to 1500 feet” (Fenneman 1938:335). See map in figure 

3.1 for physiographic regions. 

 

Resistant Lower Pennsylvanian sandstones cap the Pottsville Escarpment. Carbonate 

rocks underlay the adjacent Bluegrass Region; the escarpment arises from the different 

rates of erosion of the two rock types (Newell 2001). As streams erode headward into the 

escarpment (and the Cumberland Plateau) a maze of steep-walled canyons are created 

(Newell 2001).  

 

The RRGGA is in the very northwest corner of the Cumberland Plateau. Erosion starting 

at the Pottsville Escarpment formed the sheer cliffs, steep-walled gorges, rock shelters, 

waterfalls, natural bridges and arches of the Geologic area (DBNF Salvage 1999). 

 

b. Stratigraphy 

Three primary geologic layers are exposed in the RRGGA area. The top layer is Corbin 

Sandstone (also called Rockcastle Conglomerate) of Pennsylvanian age. The middle 

exposed layer is Breathitt Formation, also known as Beattyville Shale—of Pennsylvanian 

age. The lowest exposed layer is Mammoth Cave Limestone- of Mississippian age. Rock 
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Figure 3.1. Physiographic diagram of Kentucky. The Red River Gorge is along the Pottsville 
Escarpment south east of The Knobs (Newell 2001). 
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climbing in the Red River Gorge Geologic Area takes place exclusively on the Corbin 

Sandstone layer. 

 

The Red River and its tributaries are eroding headward and downward into the Pottsville 

escarpment (Newel 2001). The resistant Corbin Sandstone over the softer shale and 

limestone layers results in vertical, and in some cases overhanging, cliffs up to 200 feet in 

height (Bronaugh 1998). The Corbin Sandstone is composed of approximately 60% 

sandstone, 35% conglomeratic sandstone and 5% conglomerate (Francis 1998). The 

mixture of sand and pebbles is cemented by limonite, a type of iron oxide that gives the 

rock its red appearance (Bronaugh 1998). 

 

Tectonic forces took the horizontal sedimentary layers (figure 3.2, #1) and formed them 

into an anticline called the Cincinnati Arch (figure 3.2, #2). Over time parts of the arch 

were eroded away by stream action—leaving the Pottsville Escarpment on the east side 

of the area (figure 3.2, #3). 

 

c. Rockshelters 

A particularly distinctive feature of the clifflines of the RRGGA is the rockshelter. There 

are there are hundreds, if not thousands of rockshelters in the gorge. Wilson Francis in his 

1998 dissertation titled Plant Communities of Sandstone Rockshelters in Kentucky’s Red 

River Gorge defines a rock shelter as “an opening in the cliff that is at least 1.8 meters 

high, therefore allowing human occupation, but not more than 2.5 times as high as deep. 

Openings which are more than 2.5 times high as deep were called overhangs to  
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Figure 3.2. Stratigraphy of Red River Gorge area and the formation of the 
Pottsville Escarpment (Ruchhoft, 1986:8).  
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distinguish them from rockhouses” (Francis 1998:1). Rockshelters in the sandstone cliffs 

are formed by erosion. “Movement of ground water through porous sandstone, freezing 

and thawing of ice, drainage of surface water from above, salt weathering, and mass 

wasting along joint fractures all contribute to the formation of sandstone rockshelters” 

(Francis 1998:1). 

 

By this definition of rock shelter, it will never rain in a rockshelter. Occasionally 

windblown rain may enter depending on wind velocity. Water caused soil erosion should 

be minimal.  

 

Rockshelters along a ridge can grow deep enough to connect with rockshelters on the 

other side of the ridge. The resulting opening can expand to form a natural arch—another 

feature characteristic of the RRGGA. 

 

 

VI. Vegetation 

 

The Daniel Boone National Forest is in the mixed mesophytic region of the Eastern 

Deciduous Forest (Lacki 2000). The ridge tops and cliff top edges are dry and sunny. The 

forest in this dry zone is dominated by oaks and mixed pines: shortleaf, Virginia and 

pitch pines. The cliff base, frequently in heavily shaded hollows, is generally 

characterized by the cove hardwood forest community type. The canopy is composed of a 

mixture of hardwoods, such as white oak, yellow poplar, sugar maple, red oak and 
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cucumbertree. Eastern hemlock and white pine may also be present (DBNF Salvage 

1999). The start of most rock climbs, the base of the cliff, is in the cove forest. Some 

climbs go all the way to the top of the cliff and end in the ridge top forest. 

 

An additional vegetation zone relevant to rock climbing is the vertical cliff face. The cliff 

is rock that frequently contains horizontal and vertical crevices. Soil can accumulate in 

these crevices allowing for the establishment of vascular plants (Francis 1998). Larger 

cliff openings such as ledges and rockshelters allow for more soil accumulation and for 

more and larger vascular plants—including trees (Francis 1998). Much of the remainder 

of the cliff face, lacking in soil and regular moisture, is home only to lichen. 

 

VII. Federally Proposed, Endangered or Threatened Species (PETS 

Species) 

The DBNF has or contains potential habitat for 36 PETS species (DBNF Salvage 1999). 

Two of those PETS species are present and share habitat with rock climbing—white-

haired goldenrod and Virginia big-eared bat. 

 
White-haired goldenrod (Solidago albopilosa) inhabits generally dry sandstone 

rockshelters and cliff bases. It is a federally threatened species. The white-haired 

goldenrod was described in 1942 by Lucy Braun, a plant ecologist at University of 

Cincinnati (Mohlenbrock 1986). The white-haired golden rod is only known from the 

Red River Gorge drainage. Upwards of 90 colonies with 45,000 plants are known (DBNF 

Salvage 1999). 
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The Virginia big-eared bat (Plecotus townsendii virginianus) is federally listed as 

endangered. The species hibernates in caves and finds roosting and feeding shelters along 

clifflines (DBNF Salvage 1999). 

 

VIII. Human History in the Gorge 

 

“When the modern visitor views one of the many large rock shelters that abound under 

the precipitous sandstone cliffs of the Gorge area, it is not hard ….to imagine what 

advantages these natural open caves would offer primitive people as living sites. Many of 

these “rock houses” are deep enough to be immune to wind and rain, yet the large, open, 

frontal areas allow plenty of natural light during the daylight hours and provide an easy 

exit for smoke rising from open fires. Interiors of many of the larger caves would allow 

several families to live together for mutual aid and protection. We know today that that is 

what the aboriginal Indians did” (Ruchhoft 1986:16). Modern hikers and campers 

continue to be drawn to rockshelters for many of the same reasons. 

 

The remains of thousands of years of human habitation lead to the designation of the Red 

River Gorge Archeological District in 2003. This designation, part of the National 

Register of Historic Places, contains 442 contributing sites, with the expectation of more 

sites as additional archeological surveys are completed (DBNF designations, c. 2004).  

 

Scientific studies of archeological sites, primarily rockshelters, in the Gorge started in the 

1930’s with Funkhouser and Webb and continue to this day. Two factors stand out in all 
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this work. First, there is remarkable preservation of normally perishable organic materials 

like plant remains, leather, and man-made textiles in the dry rockshelters (but not in the 

rockshelters containing seeps or water courses). This preservation is attributed to the dry 

rockshelters lack of soil moisture and the high concentration of minerals that inhibit 

microbial activity. The second consistent factor is looting by relic hunters. “Every 

archeological study in the Red River Gorge since the days of Webb and Funkhouser has 

lamented the destruction of sites by relic hunters. It is rare today to find a sizable 

rockshelter that does not appear to have been looted at least once. Relic hunters have 

returned to some rockshelters again and again in hopes of finding something that was 

overlooked by previous looters” (Francis 1996:44). 

 

Studies of remains in rockshelters show prehistoric use of the gorge extending from the 

Paleoindian culture of 11,000 years ago, through Archaic and Woodland, to the Fort 

Ancient culture and first contact with Europeans (Ruchhoft 1986). 

 

The first known white people entered the gorge region in the 1750’s, with Daniel Boone 

entering the area in 1769. There is evidence that local residents used rockshelters during 

historic times as homes, livestock pens, storage buildings and sites for moonshine stills 

(Francis 1996). “Niter” mining for saltpeter (potassium nitrate) took place using the 

sandstone from clifflines and rockshelters, particularly during the War of 1812. Many 

rockshelters appear to have been worked by miners as evidenced by leaching vats and 

mining tools used to break up large boulders and the walls of the rockshelters, and by 

more subtle signs like drill marks and piles of mining talus (Francis 1996). 
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The last half of the nineteenth century saw the harvest of the forests. Within fifty years, 

lumbering operations would denude the area of practically all timber (Ruchhoft 1986). 

Around 1900, tourism began in the gorge area with regular excursion trains from 

Louisville and Cincinnati to what is now Natural Bridge State Park. (Natural Bridge State 

Park is adjacent to the RRGGA). In the late 1930’s, most of the land that is now the 

Daniel Boone National Forest was purchased by the federal government (Ruchhoft 1986). 

The area was initially designated the Cumberland National Forest. 

 

In 2004, the increasingly heavy recreation use in the RRGGA and the resulting resource 

impacts, prompted the Forest Service to begin a Limits of Acceptable Change process to 

study recreation impacts and to recommend future actions (DBNF Forest Plan 2004). 
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Chapter 4—Rock Climbing 

 I.  Introduction 
 
“Rock climbing—ascending a sheer rock face, sometimes called “technical climbing”—

branched off from mountaineering around the 1920s. Equipment was crude: hemp rope, 

moccasins and a few iron pitons. The sport was reserved for the adventurous few. The 

first climber ascended 150 feet or so with so little protection that the grim maxim of the 

day was, “the lead climber must not fall.” 

 

“The end of World War II brought advances in gear, including stretchy nylon rope that 

didn’t snap as easily as hemp, and it brought growth. In the late 1960s, Yvon Chouinard, 

a renowned climber, as well as an equipment maker… began promoting the more 

environmentally friendly nuts and cams, which became standard” (Starkman, 2003:A1). 

Climbing with a rope and placing nuts and cams for protection, is now called traditional, 

or trad, climbing. A newer branch of climbing is sport climbing. In sport climbing the 

leader relies on pre-placed protection, called bolts, to which he or she attaches the safety 

rope on the way up the climb. A third variation of climbing is top rope climbing. Here the 

safety rope comes down to the climber from the top of the climb. If a top rope climber 

falls, they fall a few feet at most—just enough to take up the slack and stretch in the 

safety rope. If the traditional or sport climber falls, they will fall the distance down to 

their last piece of protection, that distance again, plus slack and stretch in the safety rope. 

This fall, called a lead fall, could be ten, twenty or more feet. I use the following 

photographs to illustrate the differences in the three types of climbing.  
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There are at least two other branches of climbing—aid climbing and bouldering. There 

are only a couple aid climbs listed in the guide book for the Gorge (Bronaugh 1993)—

they were measured, but there were not enough climbs for statistical analysis. Bouldering 

is one of the newest forms of climbing. With bouldering, the climber ascends a short 

distance, 15 to 20 feet or so, without a rope. Spotters and a gymnast’s type pad are used 

to cushion falls. Bouldering is a fairly recent addition to the Gorge (Redmond 2000) with 

impact patterns which may not have stabilized—bouldering impacts are not included in 

this study. 

 

The first photo (figure 4.1) shows rock climbing at an area called Dip Wall. The photo 

shows two of fifteen Dip Wall climbs listed in the Bronaugh guidebook (1998). The other 

climbs at Dip Wall are through the rhododendron to the left and right along the cliff face. 

The climb on the left (the one the person in the blue shirt is climbing) is called Green 

Eggs. The climb on the right is called Ham. (Many of the climb names at this area are 

taken from the Dr. Seuss children’s books). This photo (figure 4.1) will be used to 

illustrate two types of climbing—top rope climbing and traditional climbing. 

II. Top Rope Climbing 
 
The person (blue shirt) climbing Green Eggs (figure 4.1) is top rope climbing. The safety 

rope comes down from the top of the climb. The person on the ground wearing the white 

helmet is belaying the person in the blue shirt. The belayer’s job is to take up the slack in 

the rope as the climber climbs, and to hold the rope, with the help of the belay device, 

when the climber falls. The belay device is attached to the front of the belayer’s harness 

to allow the belayer to hold the weight of the falling climber. “Unless you are an airline 
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Figure 4.1. Five friends’ rock climbing in Red River gorge area. The climber on the left 
is top rope climbing, the climber on the right is lead climbing using traditional 
techniques. The two people on the ground are belaying. Note the gear and the bare 
ground at the base of the climbs. (Photo by C. Parks).  
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pilot or a heart surgeon, never will you feel so directly responsible for the lives of others 

as when you are belaying” (Mellor, 1997:81). 

 

At the top of the climb (out of the photo) is a pulley arrangement attached to the rock. As 

long as the belayer is attentive and takes up the slack as the climber climbs, any fall will 

be very short. To top rope a climb, you first have to get to the top of the climb to put up 

the rope and pulley system. Sometimes you can walk to the top of the cliff, sometimes 

one of the climbers leads the climb to put up the rope.  

III. Traditional Climbing 
The climber on the right, climbing Ham, is lead climbing. In this case he places 

protection in the crack as he moves up the climb. If the climber fell from this position it 

would be a short fall. There is a piece of protection at just about the level of the top of his 

head, and the rope is clipped into the protection (the gold sling is part of the protection; 

the rest of the protection is wedged into the crack in the rock). As the climber progresses 

upward, he will have to stop and find a place to put in another set of protection. In this 

example, the previous climber left protection in the rock for this climber. Leaving 

protection in traditional climbing is unusual. Normally the lead climber would have to 

stop, hold on with one hand and put in the protection him or her self. The protection that 

is already there consists of a spring-loaded camming device (SLCD) wedged in the crack. 

The SLCD has a red sling. The red sling on the SLCD is in turn connected to two 

carabineers. One of those carabineers is connected to the gold sling. A SLCD and sling 

with carabineers is shown in figure 4.2. The gold sling is in turn connected to another 

carabineer. The lead climber carries all this gear as he climbs. In traditional climbing the 
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Figure 4.2. The three step sequence of placing “protection” in traditional climbing. The steps are 
done with one hand, the other hand is holding on to the rock. 
 
Left photo- step 1: The black trigger on the spring loaded camming device (SLCD) is pulled to 
retract the cams, the red metal arcs, at the top of the device. The retracted cams are placed in a 
crack in the rock and the trigger is released. The cams expand to grip the rock. 
 
Center photo- step 2: the carabineer on the extendable sling, gold, is opened and placed through 
the sling, red, on the SLCD. 
 
Right photo- step 3: the safety rope trailing from the climbers harness is picked up, the lower 
carabineer on the extendable sling is opened and the rope is placed through the carabineer. 
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leader needs the skill to select the proper gear, find the place in the rock to place the gear 

and then place it properly, all while holding on with one hand. In contrast, with sport 

climbing, hangers are bolted to the rock.  

 

This scene at Dip Wall is very typical of a day of climbing. Five friends are trading off 

climbing, belaying and photographing. The group will be at this area for several hours. 

There are five sets of personal gear scattered around at the base of the climbs.  

 

Trampling from climbers has produced a well-defined zone of impact at the base of the 

climbs (figure 4.1). What may have started as individual zones of impact at the base of 

each climb has blended together into one area. The combined impact area is well 

delineated by the ring of surrounding vegetation—primarily rhododendron bushes. The 

ground has been trampled clear of all vegetation, all leaf litter and organic soil has been 

removed, mineral soil has eroded away. This zone of impact is very much like what you 

see at a backcountry campsite. Another form of impact is from the gymnast’s chalk many 

climbers use to increase their grip when climbing. Chalk is visible on the ledge above the 

right hand of the climber in the blue shirt. Because of the elevation of the ledge, this 

chalk would, most likely, not be visible to a person on the ground. 

IV. Sport Climbing 
Sport clinging is shown in figure 4.3. The sport climber is in the process of clipping the 

climb rope to the carabineer on the end of a sling. The sling is connected, using another 

carabineer, to a hanger on a bolt in the rock. Many sport climbers, including the climber 

in the photo, clip to the bolt using a sling and two carabineers attached together. This  
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Figure 4.3. Sport climbing. The climber is clipping the safety rope into a quick draw with 
his left hand. The previous safety rope connection is visible below the climbers left foot. 
The safety rope leads down through a series of quick draws clipped to hangers (indicated 
by red arrows) bolted to the rock, to the belayer. 



 48

          
Figure 4.4. The sport climber uses a two step process to protect him or herself (vs. the three step 
process used by the traditional climber).  
 
Left photo- A hanger, the shiny metal loop indicated by the black arrow, is bolted to the rock. 
The hanger serves the same function as the protection placed by the traditional climber. This 
hanger is typically called a “sport bolt”, or just a “bolt”. 
 
Right photo- The sport climber uses a sling, typically of the “quick draw” type shown here, to 
attach to the hanger. In the first step, the top carabineer on the quick draw is opened and placed 
through the opening of the hanger.  In the second step, the safety rope trailing from the climbers 
harness is picked up, the lower carabineer on quick draw is opened and the rope is placed 
through the carabineer. 
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assembly is called a quick draw, figure 4.4. The bolt and sling the climber was relying on, 

until he finishes clipping the upper bolt, is visible just below his left foot (figure 4.3). 

Attaching the climb rope to pre-set bolts is the same procedure many people learn in an 

indoor climbing gym. Sport climbers do not need to purchase, carry or learn to place 

protection (like SLCDs). On the whole, sport climbing is a much more accessible branch 

of climbing than traditional climbing. 

 

A popular sport climbing area is shown in figure 1.1. It is a typical area with many 

groups of people close together. There is usually much social interaction among the 

groups—trading climbs, sharing a rope and meeting new people. The woman in the gray 

shirt is top rope climbing. The guy in the blue shirt is belaying her. If she falls, he will 

use the rope running through the belay device on his harness to hold her. When she 

reaches the top, he may use the belay device to slowly lower her back to the ground. 

Alternatively, she may re-rig the rope and rappel down using her belay device. In the 

background are many other climbers and their gear. There are a large number of climbs 

along the wall. There is a large area of bare ground in front of those climbs. The bare 

ground is from the trampling caused by the people hanging out, belaying and preparing to 

climb. Trees and shrubs have probably been removed from the base of the cliff to 

facilitate access to the base of the climbs. 

V. The Guide Book 
 
While it is possible to set your own path across the rock face, many, if not most people 

follow specific named routes up the rock. The routes are described in much the same way 

a hiking guidebook describes the trails in an area. The guidebook gives the name of the 
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climb, directions for getting to the base of the climb, a map or description of the route the 

climb takes, and directions for getting back to the ground from the top of the climb. In 

addition, the guidebook will give a rating of the difficulty of the climb. Most guidebooks 

will also open with background information on the area such as historical and geological 

details and methods to reduce environmental impact. 

 

The first climbing guidebooks for the Red River Gorge were published in the 1970’s. A 

series of guides followed, each building on and expanding the previous guides (Bronaugh 

1998). In 1993, the first edition of John Bronaugh’s book “Red River Gorge Climbs” 

came out. In 1998, the second edition of the book was published, upping the number of 

listed routes from 688 to the 1039 (Bronaugh 1993, 1998). The guidebook has been 

largely converted to electronic format and is available on-line at 

www.redriverclimbing.com. Climbs established since the 1997 edition of the guide are 

generally incorporated into the on-line version. Based on personal experience the 

Bronaugh book, either print or electronic form, is the guidebook of choice. Other current 

sources of route information are friends, a briefly published guide of select sport climbs, 

climbing magazines, and the internet. A new guide book was published in the summer of 

2005 (Ellington 2005). 

 

The guidebook by John Bronaugh (1998), Red River Gorge Climbs, is the source of six 

of the independent variables used in the multiple regression model. The guidebook is also 

the source for the climb names, the climb area names and maps of the general climb 

locations. Climbs are frequently clumped together, for example spread over 1,000 feet of 
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cliff face, with a single parking area and access trail. An agglomeration of climbs is 

called a climb area or climb crag. This study examines sixteen climb areas. The areas 

contain from two to forty-eight climbs. 

 

The guidebook contains maps and written descriptions used to find the climb areas. Then, 

for many areas, the book provides a map of the cliff line showing the location of the 

individual climbs (figure 4.5) and a short description of the individual climbs (figure 4.6). 

The symbols used on the guide book maps are explained in figure 4.7. The person who 

first climbed the route names the route and gives the climb a difficulty rating. In the 

introduction to the guidebook Bronaugh states that he double-checked the rating given by 

the person who first climbed the route, based on his and other climbers’ experience. He 

attempts to report a consensus rating. Bronaugh also gives his personal opinion of the 

quality of the route. He gives climbs no stars, one star, two stars or three stars. A no star 

climb is average or below average quality. “One star is a worthwhile route, two stars 

means an exceptional route, and three stars means the climb is a Red River classic” 

(Bronaugh 1998:18). 

 

I relied on the maps and written descriptions to find the climbs I was not personally 

familiar with. In a few cases I could not find the climbs, even looking for impact on the 

ground along probable approach trails and at the base of the probable cliff. Those climbs 

are likely to have very little impact. 
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Figure 4.5. Map of the Left Flank climb area. The location of twenty climbs is shown along the cliff running from left to right. The 
table included with the map gives the climb names and the climb’s difficulty rating (Bronaugh 1998: 38). Areas of overhanging cliff 
are shown above climbs 9, 10, 11 and 17, 18, 19, 20
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Figure 4.6. The guide book description of the climbs at the Left Flank 
climb area, Gray’s Branch Region. The descriptions include the climb 
number (which corresponds to the number on the climb area map), the 
climb name, the climb difficulty rating, climb quality and climb type 
(sport, mixed or trad) (Bronaugh 1998:40).  
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Figure 4.7. The key to the climb area maps. Note the symbol for 
“significant overhang” (Bronaugh 1998:17).  
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VI. Rating System for Climb Difficulty 
 

Climbs are given a numerical grade based on their level of difficulty. Climbers use the 

ratings to pick their routes. One time they may be out for a relaxing afternoon, so they 

pick a route well within their abilities. Or they may want an easy route to introduce a 

friend to climbing. Later, they may want the challenge of a harder route that will push 

them beyond their current abilities. 

 

The rating system to describe outdoor travel starts with first class—rough hiking. Second 

class is steep scrambling progressing to third class with steep, unroped, hazardous 

climbing. Fourth class (frequently) introduces a rope for the toughest sections. Fifth class, 

technical climbing, uses a rope with a belayer and protection between the belayer and 

climber. The protection is to reduce the length of a fall. Sixth class is aid climbing. In aid 

climbing the rock is so featureless rope ladders and special hooks are used as aids to 

climb the rock (Mellor 1997). The use of gear in sixth class climbing contrasts to fifth 

class climbing where only your hands and feet (other body parts if needed) are used to 

move up the rock—the rope and protective gear comes into play only in case of a fall. 

 

The fifth class is sub-divided to indicate levels of difficulty. The Yosemite Decimal 

System is used in the United States. Originally the system ran from 5.0, the easiest climb 

where you would want to use a rope and belayer, to 5.9 the hardest imaginable climb. In 

1952 the first 5.9 route was climbed (Mellor 1997). As skills, gear and training improved, 

harder and harder climbs were completed. It became apparent there was a mathematical 
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problem with the grading system. Finally, in the early 1970’s, the cap was taken off and 

routes were graded 5.10 (pronounced five ten), and then 5.11 and so on (Mellor 1997). 

Further problems in the scale were found. It was necessary to further divide the upper 

grades and a, b, c, d letters were added. The current rating scale has 5.10a, 5.10b, 5.10c, 

5.10d, 5.11a, 5.11b, etc. The current hardest route is in the 5.14 range. The intent is to 

have the same increase in difficulty between grades, e.g. 5.3 to 5.4 or 5.10d to 5.11a. 

 

VII. Spatial Components of Rock Climbing 
 

Rock climbers travel through, and occupy, a number of distinct spaces in the pursuit of 

their sport. The first is the roadside. They park their car, load their packs and get ready 

for the hike to the cliff. Next is the approach trail to the base of the climb. This trail may 

be an official trail maintained by the land management agency, or, as is frequently the 

case, it may be an informal trail produced by the users themselves by their repeated travel 

over the same area. The access trail, once it reaches the cliff, may continue along, or near, 

the base of the cliff to the start of other climbs in the area (sometimes called a cliff base 

trail). Next is the base of the climb. The climbing party gathers here, drops their packs 

and puts on their climbing gear (figure 4.1). The belayer will stand at the base of the 

climb while the climber climbs. The base of the climb and the roadside are nodes of 

impact, the access trial is a linear impact feature.  

 

Next is the climb itself—up, or across, the rock. This can be thought of as a vertical 

version of a hiking trail. In Switzerland rock climbing is promoted as safe, tourist-
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friendly “vertical hiking” (Starkman 2003). Some climbs continue to the top of the cliff. 

In that case there is a zone of impact at the cliff top. For some climbs you rappel back 

down to the ground from the top of the climb or the top of another part of the cliff. For 

other climbs the climbers walk around the cliff and back to their starting point on a 

descent trail (Blackwell 2001). 

 

In each of these zones climbers will have impacts on the vegetation, soil and wildlife. 

Some impacts will be ecological, some will be aesthetic. Aesthetic impacts include 

trampling of the ground at the base of the climb and chalk, anchors, bolts and slings left 

on the climb. Ecological impacts can include trampling at the base of the climb, and 

impacts on the cliff such as lichen scuffing, disturbance of nesting raptors and damage to 

unique vegetation such as ancient white cedar (Camp and Knight 1998; Kelly and Larson 

2003; Nuzzo 1996).  

VIII. Estimating Amount of Climbing Use 
 

To study the environmental effects of rock climbing many researchers have wanted to 

know, or estimate, the amount of climbing that takes place in a particular area. Generally 

the researcher wants to measure and compare areas with no climbing to areas with 

climbing (and maybe areas with different amounts of climbing). Measuring the amount of 

climbing is difficult and time consuming. The climbing impact is probably not just a 

function of number of users, but also of the user’s amount of time at the climb, their 

behavior and the group size. To get around these difficulties researchers have used a 

number of surrogates for use levels. Some researchers have relied on estimates from 
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climbers or from personnel at the land management agency (Nuzzo 1996). Other 

researchers have used the area guidebook to estimate use levels. They have considered an 

area unclimbed if it is not listed in the guidebook and visual inspection shows no 

indication of climbing (e.g. no bolts on the rock and no trail to the base of the cliff). 

Presence of climbing and intensity of climbing have also been based on the number of 

climbs at an area, the difficulty ratings of the climbs and the number of quality stars 

given in the guidebook (Camp and Knight 1998; Kelly and Larson 2003). 
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Chapter 5—Research Procedures and Methods 
 

I. Research Methodology- Introduction 

This research is based on data collected in the Red River Gorge Geological area. The 

impact at the base of rock climbs was collected at sixteen climb areas, totaling 241 

individual climbs. Monitoring and measuring procedures were developed specifically for 

rock climbing. The procedures are listed in the “Rock Climb Monitoring Manual—Red 

River Gorge, Kentucky” (see appendix I). Area, tree damage, soil loss, litter and fire sites 

were measured at the impact sites. A “signature” of climbing impact was created and 

compared to a signature of camping impact. A linear regression model was created to 

determine which variables are important in predicting the amount of environmental 

impact from different climbs located in different places. Due to the difficulty of accessing 

the cliff face, impacts on the cliff are left for future studies. 

 

a. Specific Data Collection Procedures 

Prior to the start of data collection the literature was reviewed to find existing information 

on procedures to monitor recreational impact in the backcountry. The objective was to 

collect quantitative data that could be used in statistical analysis. Qualitative procedures 

have been used for rock climbing (Blackwell 2001, Genetti and Zenone 1987), but they 

don’t meet the need for statistical analysis that can lead to predictive models.  

 

The node of impact at the base of a rock climb is much like the node of impact that 

develops when people frequently camp in one location. Quantitative methods for 

campsite monitoring have been developed, tested and refined over the years (Cole 1989b, 
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Hammitt and Cole 1998, Leung and Marion 1999, Marion 1991). For this research the 

campsite monitoring procedure by Marion (1991) was modified to measure the 

environmental impact at the base of rock climbs. A manual for rock climb monitoring 

was produced as part of this thesis—“Rock Climbing Monitoring Manual, Red River 

Gorge, Kentucky”. The manual, incorporating photographs from the Marion (1991) 

manual, is in the appendix I. A description of the procedure follows. 

 

b. Spatial Organization of Rock Climb Area 

The field measurements from this study were used to create a map of the spatial 

organization of a typical rock climb area-- the Impact Area Map (figure 5.1). In this case 

the impact map is an approximation of the climb area Left Flank (figure 4.5). The colors 

on the impact area map (figure 5.1) depict key zones in the forest near the rock climbs.  

 

The trail from the parking area to the base of the cliff, the approach trail, is shown in dark 

brown. There are two components of the access trail: the approach trail from the parking 

area to the cliff base and the cliff base trail. The approach trail travels through an area of 

green. The green represents the un-impacted vegetation growing in the, typically, cove 

forest at the base of the cliff. Most access trails in the study area were clearly delineated 

by the lack of vegetation. Some of the trails are official trails designed, maintained and 

numbered by the Forest Service. Other access trails were designed and maintained by the 

local climbing organization in conjunction with the Forest Service. Still other access 

trails develop as a result of repeated travel over the same area (so called social trails or 

user created trails). These user created approach trails do not have the benefit of  
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Figure 5.1. Areas of impact at a typical, popular, rock climb area. The access trail includes the approach trail from the parking area 
and the cliff base trail. The locations of the climbs are indicated by the arrows and numbers. At the base of most, but not all climbs is a 
node of impact— here called a climbsite. The forest is shown in green to indicate the generally un-impacted ground. The approach 
trail is shown in brown to indicate loss of vegetation but organic soil remaining. The climbsites are shown as tan to indicate the 
organic soil layer is lost and the underlying mineral soil horizon is exposed. 
 
In some areas the cliff base trail runs right at the base of the  cliff, e.g. between climbs 15 and 17. In other areas the cliff base trail is 
some distance from the cliff base. Not all climbs have impact—e.g. climb 16.
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professional design. Users frequently take the shortest path from the parking area to the 

climb area—that is, they head directly up the hill. These direct assent trails can suffer 

from excessive erosion because water is funneled down the trail. At a few climb areas 

there were no trails. Evidently the usage was low enough, and the travel dispersed 

enough, that no clearly visible trails developed. In those areas climbers bushwhack 

through the woods in the general direction of the cliff. 

 

The approach trail in this example (figure 5.1) is shown in dark brown to indicate the 

vegetation is removed, but that the dark organic soil layer still remains. In this example 

the access trail intersects the base of the cliff at the start of climb number five, Maypop 

(figure 4.5 and 4.6). The light brown color in this area represents heavily impacted 

ground, where the, typically, lighter colored mineral soil is exposed. This zone of impact 

(the light brown area) extends from left of climb number three to climb number six. The 

solid black line is the shape of the base of the cliff. The gray is the rock of the cliff 

(sandstone in the RRGGA).  

 

Continuing to the left from this zone of impact is a trail along the cliff that leads to the 

impact zone associated with climbs one and two. Sometimes the cliff-base trail that 

connects zones of impact runs some distance away from the base of the cliff, sometimes 

the cliff-base trail runs right up against the base of the cliff (see trail in vicinity of climb 

sixteen, figure 5.1). 
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As with studies of camping and hiking impacts, the boundary of the impact zone is 

defined by changes in vegetation cover. To emphasize the similarities these impact zones 

share with campsites, these impact zones at climb areas will be called climbsites. The 

impact map (figure 5.1) shows seven climbsites at this climb area, the seven light brown 

areas. 

 

c. Data Collection Procedure 

The main data collection starts at the far left end of the climb area. The objective is to 

measure the location of the impact areas, the location of the start of the climbs, and the 

values of various parameters within the impact zones. Two measuring tools are used: a 

measuring wheel and a tape measure (figure 5.2). Standardized data sheets are used to 

record the results (figures 5.7 and 5.8). Consistent measurements are insured by 

following the procedures defined in the manual (appendix I). The climbing guidebook 

(Bronaugh 1998) is carried as a reference to the climb locations and climb names. 

 

The measuring wheel is rolled along the cliff-base trail and through the impact zones at 

the base of the climbs. The positions of the impact zones and the positions of the base of 

the climbs are recorded. The tape measure is used to measure the distance from the base 

of the cliff out to the far end of the impact. The tape measure is also used to measure the 

width of cliff-base trails.  
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Figure 5.2. Field measuring equipment: measuring wheel (Lufkin Hi-viz, reversible), 
cloth tape measure (Stanley) and clipboard with data sheet. 
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The starting point for the measuring wheel is an arbitrary position somewhat to the left of 

the left-most climbing impact zone. The start is to the left of the first impact to clearly  

show the transition from, typically, the trail to the first climb impact zone. The starting 

point can be arbitrary because the climbs will serve to locate the measurements in space.  

 

Unlike campsite monitoring where the site is typically located by range and bearings to 

trees, stream banks and trails, all perishable or movable items, the climb measurements 

can be anchored by the essentially permanent features of the rock. Global Positioning 

System (GPS) receivers can be used to specify the general vicinity of the climb area, say 

the left and right ends of the climb area. GPS does not work well to mark the individual 

climb locations or the measuring wheel path because the cliffs almost always block the 

satellite reception or create position errors due to distortion from multipath signals. 

 

The dashed line along the base of the cliff on the Impact Area Map (figure 5.1) shows the 

path of the measuring wheel. The dots along the path indicate the recorded location of the 

base of the climbs. The dots are located on a perpendicular projection from the cliff face 

to the measuring wheel path. 

 

Occasionally, while measuring the impacts at a climb area, it was not possible to make a 

positive identification of a climb. In all cases this was a traditional climb. The guidebook 

map and description was used to locate the general area of the climbs. Typically the 

climbs on either side of the unknown climb were identified. The rock and the base of the 

cliff were searched for tell-tale signs of use. When no location could be positively 
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identified, a position was estimated based on the guidebook map. For example see the 

climb “Southern Comfort” at Eagle Point Buttress (appendix II). The climb’s location 

was estimated at 631 feet from the left end of the area, with the comment “probable 

location, no evidence of climbing in area”. 

 

The climbs which could not be found were modeled as having zero area of impact. There 

may have been impact, if so, it either was less than the impact already present from a cliff 

base trail, or the impact has recovered. It is possible the climb, even though it is listed in 

the guidebook, saw little or no use after the first ascent. Sport climbs could always be 

located—the bolts point to their location. 

 

d. Zone of Impact 

The zone of impact at the base cliff is identified by changes in vegetation. Impact 

boundaries are defined by pronounced changes in vegetation cover, vegetation height, 

vegetation composition and topography (Marion 1991). The photographs in the 

monitoring manual show examples of site boundaries (figure 5.3 and monitoring manual 

appendix I).  

 

The size of a zone of impact is commonly measured using either the radial transect 

method or the geometric figure method (Marion 1991). With the radial transect method 

you start by flagging the boundaries of the impact zone. Next you record the distance and 

bearing to each of the flags from a defined reference point. A computer program is used 

to compute the area within the boundaries defined by the flags. Figure 5.4, top diagram, 
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Figure 5.3. Method to determine site boundaries (Marion 1991: 47). 
These examples are campsites. Similar pronounced changes are visible at 
climbsites (also see figures 1.1 and 4.1). 
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Radial Transect Method of Area Measurement 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Geometric Figure Method of Area Measurement 
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Figure 5.4. Two methods to determine the area of impact at a site, the “Radial Transect” method 
and the “Geometric Figure” method. The lower left figure in the Geometric Figure example 
shows an oblong impact area, solid line, estimated by a rectangle, dotted line. The area of the 
oblong area is estimated as 60 units (12 x 5) (Marion 2002: 4, 11) 
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Figure 5.5. This photograph (Marion 2006, personal communication) shows the radial 
transect method applied to measure the area of a campsite. The boundary of the site, red 
dotted line, is approximated by pin flags placed at the yellow dots. The shape of the site 
is determined by measuring the distance and compass bearing from a centrally located 
reference point to each pin flag. In this case, eleven points are used to record the shape of 
the site. The site area is calculated from the site shape.  
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shows how this procedure is applied to an area with a somewhat complicated shape. 

Figure 5.5 is a photograph of the radial transect method applied to a campsite.  

 

A faster measurement method is the geometric figure method. While the geometric figure 

method is faster and can be done with one person, it is limited to giving the area of 

impact. The radial transect method gives both the area and the shape of the impact. With 

the geometric figure method, one or more simple geometric figures are mentally 

superimposed on the site. Typical figures are rectangles, triangles and circles. The 

dimensions of the figures are measured and recorded on the data sheet. Figure 5.4, 

bottom diagram, gives an example. As with the radial transect method, the key to 

accuracy is to balance the disturbed and undisturbed areas included and excluded from 

the measurements.  

 

The shape of the rock climb impact areas was relatively simple, so the faster geometric 

figure method was used to measure impact area. In almost all cases only rectangles were 

needed to estimate the area. To explain the procedure, consider the trail between climbs 

eight and nine on the Impact Area Map (figure 5.1, and blow-up of the area, figure 5.6). 

You roll the wheel along the trail, stopping when you reach the boundary of the impact 

zone that encompasses climbs nine to eleven. Your record the measuring wheel position. 

You then continue for twenty more feet, stop and record the measuring wheel position.  

The difference in the two measuring wheel readings is the length of the segment of the 

zone. For that segment, you mentally superimpose a rectangle over the impact area. The 

boundary of the rectangle is shown in figure 5.6. One dimension of the rectangle will 
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Figure 5.6. The Geometric Figure Method used to estimate the area of impact related to climbs 
9, 10, 11. See figures 4.5 and 5.1 for overall maps. See figure 5.8 for the data relating to the three 
geometric figures. By coincidence, three rectangular figures are used to measure the impact from 
the three climbs. The length of each figure, the distance along the cliff face, is calculated from 
the measuring wheel reading at the start and end of each figure. The width of the figure, the 
distance out from the cliff face, is measured with the measuring tape. The measured width is 
selected to balance the disturbed and undisturbed areas included and excluded from the rectangle. 
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match the length of the segment defined by the difference in the two measuring wheel 

readings. The other dimension of the rectangle will be the average distance from the base 

of the cliff to the outer extent of the zone. This average reading balances the areas 

included with the area excluded. This average distance, called the width of the zone, is 

measured with the measuring tape. The impact zone at climbs nine, ten and eleven is 

shown broken down into three measurement zones (it is a coincidence that there are three 

measurement zones and three climbs). 

 

Occasionally, in the case of an impact area in a dihedral (inside corner) a triangle was 

used to represent the area. The area of a triangle is one-half the base times the height. For 

impact areas in dihedrals the recorded width is one-half the actual measurement. 

 

e. Rock Climb Monitoring Form 

A series of other measurements were made for the area within the impact boundaries. The 

measurements are recorded on the “RRGGA: Rock Climb monitoring form”, appendix I. 

The details for filling out the form are given in the manual, appendix I. What follows is a 

discussion of the filled out form for the climb area “Left Flank” (figure 5.7 and 5.8). 

 

Roman numeral I on the form (figure 5.7) is general area information. I measured this 

area, starting at 3:30 pm and finished, back at my car, at 6:45 pm. Three hours and fifteen 

minutes to measure an area with twenty climbs. Roman numeral II is inventory 

parameters—GPS coordinates are not recorded, they are on another data sheet. Number 

of parking spaces was not measured. Trail quality and length are recorded here. The table 
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Figure 5.7. Rock Climb Monitoring form, page 1, for the Left Flank Climb area. Forms for the other fifteen climb areas are in the 
appendix. 
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Figure 5.8. Rock Climb Monitoring form, page 2, for the Left Flank Climb area. 
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of numbers (e.g. 1= 0-5%) is the conversion used for recording ground and soil exposure 

in the next section. 

 

The data from measuring the cliff base is in section III, Impact Parameters. Item 10 “dist 

from left end” starts with a reading of “0”. A climb is encountered at a measuring wheel 

reading of 13 feet. The climb name is “To Deft the Laws and Traditions”. The climb is a 

sport climb as indicated by the “(s)” notation after the name. The climb name is from the 

guide book (Bronaugh 1998: 40). The guide book map and description (figure 4.5 and 

4.6) are used to identify the base of the climb. Bolts on the cliff above the base of the 

climb, and a notation in the guide book, identify this climb as a sport climb. The form is 

filled out by hand in the field, and retyped in the office. The retyped data can be “cut and 

pasted” into graphing and analysis programs. 

 

Continuing with the measurements, the measuring wheel is rolled until it reads 20 feet. 

The next line of data is recorded. The idea is to record the conditions from this measuring 

wheel position, 20 feet, back to the previous measuring position, zero feet in this case. 

For this zone, zero to 20 feet, the average width of the zone, the distance from the cliff 

face out to the edge of the impact is 23 feet. Of those 23 feet, 3 feet are rock. The next 

item on the form is “12b) impact zone limit?”. This is asking if the 23 feet of impact is 

limited by some feature like a cliff edge or other drop off. This variable was added after 

“Left Flank” was measured so the values were not recorded (the variable was 

subsequently eliminated in the analysis stage as not predictive). The next variables are 

ground and soil exposure. For this zone of impact (0-23 feet) the site ground cover is 
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estimated to be 0-5%. From the table in the upper right of the form, this translates to 

condition class 1. The exposed mineral soil (“exposed m soil”) is estimated as 96-100%, 

a class 6. This means all or essentially all the ground cover, e.g. graminoids and forbs, are 

removed (0-5% remain) and essentially all the organic litter (leaves, twigs, humus) is also 

removed leaving the underlying mineral soil completely, or almost completely exposed. 

This exposure profile is typical for a moderate to heavily used outdoor area—be it the 

base of a climb, a camping area, a trail, or a path across campus.  

 

Tree damage is the next group of data—items 15 to 18. The manual contains a verbal 

description of the categories (pg. 4) and photographic examples. This zone of impact (0 

to 20 feet) contains 6 trees with no to slight damage, 2 trees with moderate damage and 1 

tree with severe damage—for a total of 10 tree in this zone. The zone also contained one 

tree stump. It is possible there were more stumps but the heavy foot traffic removed all 

evidence of their presence. Root exposure is recorded next—this can be an indication of 

the amount of soil erosion. Most trees send out their roots under the soil; soil erosion 

exposes the roots. 

 

Trash and fire scars are recorded next. The amount of trash at climbing areas is so little 

that a count of items was included here—e.g. “one can” or “one apple sticker”. The 

amount of trash is counted both in the zone of impact and in the forest visible from the 

zone. In contrast, at camping areas or under scenic overlooks it was more typical to 

record trash in number of five gallon buckets. A count of fire scars is also recorded 
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(camping and fires were banned from the base of cliffs in the RRGGA in 2000, per 

DBNF supervisors order #12-03-00). 

 

The comments section is used to record special information about that zone. Particularly 

helpful is to note if the zone is a trail between climb areas. Comments at climbs may 

include lack of evidence of recent climbing (particularly in areas where a climb is listed 

in the guide book, but there is no evidence of impact on the ground).  

 

This sample monitoring form, for Left Flank, continues for twenty climbs and 925 feet 

along the base of the cliff (figure 5.8). The forms for all sixteen climb areas in this study 

are included in appendix II. 

 

II. Research Population—Climb Areas and Climbs 

The study area for this research is the Red River Gorge Geological Area (RRGGA). The 

RRGGA is an administrative unit within the Cumberland (formerly Stanton) Ranger 

District of the Daniel Boone National Forest. This area was suggested by the then Stanton 

district ranger because the RRGGA was the initial area for the Limits of Acceptable 

Change (LAC) process being undertaken by the Forest Service. (The LAC process has 

since been expanded to include adjacent areas). The guide book (Bronaugh 1998) lists 44 

climb areas, containing 420 routes, in the RRGGA. This research considered a subset of 

those areas and climbs. The map in figure 5.9 shows the outline of the RRGGA with the 

44 climb areas indicated by diamonds (climb areas outside the RRGGA are also shown). 

The green diamonds are the sixteen climb areas selected for this study.  
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Figure 5.9. Rock climb areas in the Red River Gorge. This study focused on climbs in 
the part of the gorge designated the Red River Gorge Geological Area (RRGGA). The 
RRGGA is part of the Daniel Boone National Forest.  
 
Most people travel to the gorge on the Mountain Parkway, heading east, exiting at Slade. 
A rest area is conveniently located at the exit. The abbreviations for the climb areas 
included in this study are shown next to the diamonds marking their locations, e.g. LF for 
Left Flank or MW for Military Wall. The map and climb area ID numbers are based on 
Bronaugh (1998). 
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One goal of this research was to create a model to predict the environmental impact from 

rock climbing. If an area has impacts from climbing and other uses it will be difficult to 

separate out the climbing impacts—those areas with combined impacts were excluded 

from the sample. For example, the climb areas at Buzzard Roost, Half Moon and 

Moonshine Wall were excluded because of the mixed impacts from climbing, rappelling, 

camping and sightseeing. If I searched for but could not find the area it was excluded (the 

area can also be assumed to have very low impact—but it does mean climbs with very 

low impact may be underrepresented in the model). The climb area Middle Small Wall 

was excluded for this reason. Another group of areas were excluded because part of the 

road (Tunnel Ridge Road) leading to the areas was closed a couple of years before this 

study began. It was assumed the impact patterns will change as the users adjust to the 

more difficult access. Another area, Chimney Top Rock, was closed to climbing in the 

summer (now permanently closed), so it was also excluded from measurement. 

 

A stratified sample was considered for the remaining areas. The remaining areas were 

grouped based on the estimated amount of impact at the area—high, medium, low and 

no/slight impact. Impact estimates were based on personal familiarity, and for those areas 

I was not familiar with, I based impact estimates on the number of climbs at the area, the 

number of quality stars given to those climbs and the description given in the guide book. 

For example, guide book comments which would, presumably, hold down visitation and 

hence impact are, “Wolfpen has no approach trail and the bushwhacking is moderately 
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difficult” (Bronaugh 1998: 143) or in reference to Gladie Rock, “I doubt it has been 

visited by more than a handful of climbers since 1980” (Bronaugh 1998: 149). Other 

researchers have used these measures as a surrogate for climb usage (Nuzzo 1996, Camp 

and Knight 1998, Farris 1998). In the end, all the non-excluded high, medium and low 

impact areas were selected for the study. A majority of the climb areas, 25 of 44, were 

estimated to contain no or slight impact. Three of the more accessible no/slight impact 

areas were selected for inclusion in the study. Tables 5.1 and 5.2 give the lists of areas 

included and excluded, and the reasons for exclusion. The map figure 5.9 shows all the 

climb areas in the in the RRGGA area, with the areas included in this study highlighted. 

 

Within climb areas a few individual climbs listed in the guide book (Bronaugh 1998) 

were excluded from the study. Some climbs do not start at the ground but are an 

extension of another climb which does begin on the ground, e.g. “L’île au ciel” at Funk 

Rock City, so are excluded. Other climbs were excluded because they were a very long 

distance from the main part of the climb area, with only a very faint trail leading in their 

direction and/or the climb could not be found (e.g. “Etrier” at Military Wall or 

“Deception” at D. Boone Hut Crag). With these additional exclusions, the impact was 

measured at the base of 241 out of a possible 272 climbs, at sixteen climb areas (table 

5.3). 

 

Of the 92 sport climbs listed in the guide book for the RRGGA (Bronaugh 1998), 88 

were measured. Two new sport climbs were located (one at Military Wall, one at Left 
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Table 5.1. The sixteen climb areas included in the study, sorted by impact guess. The guesses were based on personal knowledge 
augmented by the expectation that more climbs with more quality stars will lead to more overall impact at a climb area. The objective 
was to insure the measured sample included climbs from climb areas in all impact categories. Impact guess: high = 3, medium = 2, 
low = 1, no = 0. 
 
region crag tla map # climbs trad sport stars avg star impact guess measured 
Gray’s Branch Military Wall MW 1 48 15 33 90 1.9 3 9/12/03 
Eastern Gorge Sky Bridge Ridge- east SBE 1 30 13 17 63 2.1 3 9/15/03 
Eastern Gorge Funk Rock City FRC 1 31 15 16 70 2.3 3 9/23/03 
Gray's Branch Left Flank LF 1 20 3 17 45 2.3 3 8/26/03 
Eastern Gorge Sky Bridge Ridge- west SBW 1 11 10 1 18 1.6 3 9/15/03 
Middle Gorge Tower Rock TR 1 36 36 0 39 1.1 2 9/17/03 
Upper Gorge Wall of Denial WD 1 21 18 3 30 1.4 2 9/16/03 
Upper Gorge Eagle Point Buttress EPB 1 17 17 0 12 0.7 2 9/16/03 
Eastern Gorge Princess Arch PA 1 8 8 0 12 1.5 2 9/23/03 
Middle Gorge Jewel Pinnacle JP   4 4 0 7 1.8 2 9/17/03 
Middle Gorge Lower Small Wall LSW 1 21 21 0 21 1.0 1 8/27/03 
Northern Gorge Duncan Rock DR   5 5 0 7 1.4 1 10/18/03 
Tunnel Ridge Road D. Boone Hut Crag DBH   8 8 0 5 0.6 1 9/23/03 
Gray's Branch Tunnel Wall TW   6 6 0 6 1.0 0 10/18/03 
Gray's Branch Gray's Wall GW   4 3 1 4 1.0 0 10/18/03 
Eastern Gorge Camp Store Crag CSC   2 0 2 6 3.0 0 9/16/03 

    272 182 90     
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Table 5.2. The twenty-eight climb areas in the RRGGA which were not measured. Reasons for not measuring ranged from other users 
contributing to the impact, to not finding the climb area due to unclear directions, to a recent road closure which would probably 
change the impact patterns. Only two sport climbs in the RRGGA were not measured. Only one area expected to have high impact 
was not measured. Only one area expected to have medium impact was not measured. 
 
region crag map # climbs trad sport stars avg star impact guess not measured 
Eastern Gorge Half Moon 1 14 14 0 16 1.1 3 rappellers 
Upper Gorge Moonshiner's Wall   3 3 0 2 0.7 2 party camp 
Middle Gorge Middle Small Wall 1 13 13 0 20 1.5 1 could not find 
Upper Gorge Doorish Wall   10 10 0 3 0.3 1 could not find 
Tunnel Ridge Road Courthouse Rock   4 4 0 2 0.5 1 road closed 
Middle Gorge Upper Small Wall   2 2 0 2 1.0 1 to few climbs 
Eastern Gorge Chimney Top 1 12 12 0 15 1.3 0 closed in summer 
Gray's Branch Raven Rock   7 7 0 10 1.4 0 could not find 
Middle Gorge Hen's Nest 1 18 17 1 20 1.1 0 obscure location 
Upper Gorge Woody's Wall   14 14 0 14 1.0 0 obscure location 
Northern Gorge Mariba Fork   10 10 0 12 1.2 0 obscure location 
Middle Gorge Wolfpen   5 5 0 6 1.2 0 obscure location 
Eastern Gorge Wildcat Wall   5 5 0 5 1.0 0 obscure location 
Middle Gorge Pinch-en Tight   4 4 0 3 0.8 0 obscure location 
Middle Gorge Window Wall   4 4 0 0 0.0 0 obscure location 
Eastern Gorge Rock Bridge   0 0 0 0 0.0 0 obscure location 
Eastern Gorge Buzzard's Roost   3 3 0 3 1.0 0 rappellers 
Middle Gorge Staircase Wall   2 2 0 5 2.5 0 rappellers 
Tunnel Ridge Road Haystack Rock   3 3 0 3 1.0 0 road closed 
Tunnel Ridge Road Auxier Ridge   3 2 1 4 1.3 0 road closed 
Tunnel Ridge Road Double Arch   2 2 0 0 0.0 0 road closed 
Northern Gorge Sassafras Rock   2 2 0 3 1.5 0 to few climbs 
Middle Gorge Cloud Splitter   2 2 0 4 2.0 0 to few climbs 
Middle Gorge Adena Wall   2 2 0 3 1.5 0 to few climbs 
Middle Gorge Sheltoee Wall   1 1 0 0 0.0 0 to few climbs 
Middle Gorge Gladie Rock   1 1 0 2 2.0 0 to few climbs 
Eastern Gorge Sky Bridge   1 1 0 1 1.0 0 to few climbs 
Eastern Gorge Rough Trail   1 1 0 1 1.0 0 to few climbs 
   148 146 2     
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Table 5.3. The numbers of climb areas and climbs listed in the guide book (Bronaugh 1998) and 
the numbers measured. Prior to the field measurements, the climb areas were stratified based on 
estimated impact. The “impact guess” data was used to stratify the sample of climb areas.  
 
 numbers listed in guidebook estimated amount of impact at area 

         (impact guess) 
 areas climbs sport trad high- 3 medium- 2 low- 1 no- 0 
in book 44 420 92 328 6 6 7 25 
in study 16 272 90 183 5 5 3 3 
measured  241 90* 151     

* includes two climbs not in book
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Flank). The new sport climbs were also measured-- for a total of 90 sport climbs in the 

study, table 5.3. 

 

III. Data Analysis Procedures—Treatment of Data 

The first step of analysis is to map the impact zone at the base of the cliffs. The x-axis is 

the distance from the left end of the climb area. This dimension was measured using a 

measuring wheel. The y-axis is the total width of the impact zone (figure 5.7, data sheet 

item #11). The locations of the start of the climbs are also plotted on the map.  By way of 

explanation, consider the graph “Left Flank—width of impact zone at base of cliff”, 

figure 5.10. 

 

On the Left Flank graph, figure 5.10, the first zone of impact, starting from the left, is 

associated with the two climbs, “To Defy the Laws of Tradition” and “Too Many 

Puppies”. By coincidence the impact zone from these two climbs was measured in two 

segments. The first segment is from measuring wheel distance 0 to measuring wheel 

distance 20 and has an average width of 23 feet (data figure 5.7, plotted figure 5.10). The 

second segment is measuring wheel distance 20 to 40 feet and has an average width of 22 

feet. The next segment ends at measuring wheel distance 96 feet—that segment is marked 

as a trail on the data sheet (figure 5.7). The segment is just 2 feet wide; another indication 

the segment is a trail. On the graph the trail segments are colored to visually distinguish 

them from the impact zones directly caused by climbing. 
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Figure 5.10. Area of bare ground at the base of the cliff at the Left Flank climb area. The concentrated area of impact at the base of 
climbs is shown in white (the “climbsites”). The trails between climbsites are shown in gray. The vertical scale is magnified about 10x 
for clarity. The graph is made from the data in figures 5.7 and 5.8. 
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The next climbing impact zone encompasses five climbs—“Fast Food Christian” to 

“Brother Stair”. All these climbs are sport climbs—indicated by the “(s)” after the name. 

The impact zones and climbs for the Left Flank area are plotted (figure 5.10), continuing 

to the last climb, “Wild, Yet Tasty”. As noted on the data sheet (figure 5.8), a social trail 

continues to the right beyond the last climb. This trail is shown on the graph. To increase 

visibility the y-axis, the width of the impact zone, is scaled up about twenty times relative 

to the x-axis. 

 

The next step in the analysis is to calculate the area of impact for each zone. For the zone 

associated with “To Defy the Laws of Tradition” and “Too Many Puppies” there are two 

segments—one 20 feet along the base of the cliff by 23 feet wide, the second 20 feet 

along the base of the cliff by 22 feet wide. This gives a total area of impact of (20ft)(23ft) 

+(20ft)(22ft) = 900 ft sq (this can be thought of as a finite difference method of 

calculating the area under the curve). The next impact zone, associated with the five 

climbs starting with “Fast Food Christian”, totals 1463 ft sq. 

 

The area of impact is calculated for the other five impact zones at Left Flank. Impact 

graphs and area calculations were made for the other fifteen climb areas in the study. The 

graphs (and monitoring forms) for all sixteen climb areas are included in appendix II. 
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IV. Variables for Multiple Regression Model 

The third objective of this research was to create a model to predict the environmental 

impact of rock climbing (the previous two objectives were to develop a procedure to 

measure rock climb impact, and to measure the impacts in RRGGA). It was hypothesized 

that the environmental impact will vary based on the location of the climb, the difficulty 

in getting to the climb, the difficulty and quality of the climb itself and the attractiveness 

of other climbs in the area. Fourteen variables were selected to represent these factors. 

These are the independent variables in the model. 

 

a. Dependent Variable 

Area of impact at the base of the climb was used as the dependent variable, to represent 

environmental impact. Many other variables were measured and could have been used 

instead of area of impact or the other variables could be combined with area of impact. 

Other authors have identified clusters of variables that are useful when studying camping 

impacts (Leung and Marion 1999), or have considered applying existing indices, such as 

the Universal Soil Loss Equation (Morgan and Kuss 1986), to study a range of 

backcountry recreation impacts. The most natural index for this study would be to 

combine area of impact with ground cover loss and mineral soil exposure. This would 

create an index which represents extent of impact (the area) with intensity of impact 

(vegetation and soil loss). Luckily, in the pursuit of mathematical simplicity, most impact 

areas have maximum intensity of impact—site ground cover is a class 1, 0-5% coverage, 

and exposed mineral soil is class 6, 96-100% exposure. So considering these additional 

variables would not distinguish one climb from another. 
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Another possible group of variables to include in an index are the damages caused by the 

users—tree damage and trash/waste. The values of these variables are uniformly low so 

would not serve to distinguish one climb from another (but the values for these avoidable 

impacts are much higher in areas that are used by both climbers and other user groups 

such as party campers).  

 

Tree root exposure was not included in an index, even though it does vary from climb to 

climb, because the variation in exposure is more likely a result of topography than of 

climber behavior. The climbers do wear away the ground cover which serves to limit soil 

erosion. But the resulting erosion is more likely the result of the slope of the ground and 

the amount of water flowing across the ground, and not the result of any further climber 

action. Erosion is important (especially with regards to uncovering archaeological 

resources), but not to the basic modeling of impact.  

 

The end result of all these considerations was that the simple measure of area of impact 

was used as a surrogate for environmental impact. Area of impact is the dependent 

variable in the model (table 5.4). 

 

b. Independent variables: 
 
Fourteen variables were considered to explain the variation in environmental impact at 

rock climbs (table 5.5). Ten of the variables were part of the original formulation of the 

problem. Three variables are variations of the original variables dictated by the nature of 



 89

Table 5.4. The dependent variable used to model environmental impact was the area of bare ground at the base of the climb. Several 
variations of this variable are used in the modeling. When climbs are close together, their individual impacts grow together to form 
one larger area of impact. The model is used iteratively to separate the large area into the individual areas. Each run of the model gives 
a new set of estimated areas—these areas are called “area re-estimates”. There is skew in the distribution of both the area and the re-
estimated area, so the log transform is used (with an offset to allow for zero areas). 
 
 
Dependent Variable        
variable description  name units/ values data type min value max value
        
area of impact at base of climb (the area of bare ground)  area sq ft ratio continuous 0 560
        
natural log transform: ln_area= ln(area+1), to fix skew  ln_area  ratio continious   
        
area, for multiple climbs in group, proportioned by model  area_re_est sq ft ratio continuous 0 ~560
        
log transform: ln_area_re_est= ln(area_re_est+1)  ln_area_re_est  ratio continious   
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Table 5.5. There are eleven independent variables hypothesized to lead to variation in the environmental impact at rock climbs. The 
needs of the statistics, or limitations in the data, required using variations of three of the variables. The ordinal variable “climb 
quality” was converted to a series of dummy variables. The variables “trail quality” and “road distance” both had a poor distribution of 
values, so were converted to a dichotomous form. 
 
Independent Variables       
variable description  name units/ values data type min value max value 
        
type of climb (sport= 0, trad= 1)  type 0, 1 nominal discrete 0 1
        
climb difficulty (5.0= 0, 5.1= 1, … , 5.13c= 24)  rating 0, 1, 2,….., 24 interval continuous 0 24
        
climb quality (number of stars in guide book)  stars 0, 1, 2, 3 ordinal discrete 0 3
      (S1=1 if stars=1, S2=1 if stars=2, S3=1 if stars=3)  S1, S2, S3 dummy variable nominal discrete 0 1
        
access trail length (from parking area to cliff base)  trail_l feet ratio continuous 221 6941
     access trail length in 1000's feet  trail_lk 1000 feet ratio continuous 0.221 6.941
        
access trail quality (1= top quality, 5= bushwhack)  trail_q 1, 2, 3, 4, 5 ordinal discrete 1 5
trail quality dichotomous (0= system trail, 1= informal trail) trail_qd 0, 1 nominal discrete 0 1
        
road dist. from Slade rest area to crag parking area  road_d miles ratio continuous 4.0 15.1
road dist. dichotomous (0= "<10 mile", 1=">10 mile")  road_dd 0, 1 nominal discrete 0 1
        
crag map in guidebook? (no= 0, yes= 1)  map 0, 1 nominal discrete 0 1
        
photo of climb in guide book? (no= 0, yes= 1)  photo 0, 1 nominal discrete 0 1
        
does cliff overhang the base (no=0, yes=1)  over_h 0, 1 nominal discrete 0 1
        
is the width of the impact limited (no=0, yes=1)  I_lim 0, 1 nominal discrete 0 1
        
number of climbs of similar rating at area  sim_rating 1, 2, 3, .. ratio continuous 1 19
  (no. at rating and plus and minus two rating grades)        
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the statistics. The final variable was discovered as part of the residual analysis (the 

variable for overhang). 

 

The independent variables and their abbreviation are: 

 

Type of climb (type): Is the climb a sport climb or a traditional climb (sport=0, trad=1). 

The guidebook lists some climbs as mixed—meaning they contain a mixture of sport 

bolts and places where it is necessary to place traditional protection. Since traditional 

gear and skills are needed for those mixed climbs, the climbs, for the purposes of 

modeling, were considered traditional. An exception is two mixed climbs where the 

guidebook indicated people frequently take a chance and skip the one or two traditional 

placements and consider the climb a sport climb. The two climbs are “Face Up to the 

Crack” and “Red Hot Chili Pepper”; they are considered sport climbs in the model. There 

were five aid climbs in the study area. The impact below the aid climbs was measured, 

but the climbs were not included in the modeling. 

 

Climb difficulty (rating): Each climb is given a rating based on the climbs perceived 

difficulty. In the United States the Yosemite decimal system is used—see chapter 4. For 

analysis purposes the Yosemite ratings were converted to numbers ranging from 0 to 24, 

table 5.6. 
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Table 5.6. Climb difficulty rating; conversion from the Yosemite Decimal System used to rate 
the difficulty of climbs in the U.S. to an interval scale for use in the regression analysis. Also 
shown are the numbers of sport and traditional climbs at each difficulty rating. The sport climbs 
in the study area are generally harder than the trad climbs, there are no very easy sport climbs, 
and no very hard trad climbs. 
 
The lower table shows the procedure to convert the climb quality variable from four ordinal 
values to three separate dummy variables. 
 
Yosemite rating rating # sport # trad
5.0 0 0 1
5.1 1 0 0
5.2 2 0 6
5.3 3 0 7
5.4 4 0 2
5.5 5 0 4
5.6 6 0 11
5.7 7 0 13
5.8 8 3 25
5.9 9 4 33
5.10a 10 3 8
5.10b 11 4 9
5.10c 12 2 6
5.10d 13 4 9
5.11a 14 2 4
5.11b 15 9 4
5.11c 16 7 1
5.11d 17 12 0
5.12a 18 15 3
5.12b 19 9 0
5.12c 20 9 0
5.12d 21 2 0
5.13a 22 2 0
5.13b 23 2 0
5.13c 24 1 0
6 Aid 0 5
  TOTAL       90 151

 
         Quality Stars converted to Three Dummy Variables 

 S1 S2 S3 

no stars 0 0 0 

one star 1 0 0 

two stars 0 1 0 

three stars 0 0 1 
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To consider non-linear effects, a variable for rating squared (rating**2) was considered. 

It was hypothesized a person might have an optimum climb for their abilities—some 

climbs are too easy to be interesting, others are too hard to try. This might lead to an 

impact profile that builds to this optimum climb then drops off. This was modeled as a 

squared relationship. 

 

Climb quality (stars): John Bronaugh gives each climb in the guidebook a quality rating. 

The rating is from no stars to three stars. While cautioning that his quality rating is very 

subjective, he lists his criterion. “Without attempting to quantify the process, important 

rating factors included visual esthetics of the line, diversity of moves and skills required, 

sustained grade, rock integrity, length, setting and exposure. If a route was given no stars, 

expect a climb of average or below average quality. One star is a worthwhile route, two 

stars means an exceptional route, and three stars means the climb is a Red River classic” 

(Bronaugh 1998: 18). 

 

Climb quality dummy variables (S1, S2, S3): Because of the very subjective nature of 

assigning quality stars it is prudent to treat climb quality as an ordinal variable (not as an 

interval variable). To use this ordinal variable in multiple regression, the variable was 

converted into a series of dummy variables. The dummy variable S1=1 if the climb is one 
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star. Variable S2=1 if the climb is two stars, S3=1 for three star climbs. If S1, S2 and S3 

are zero, it is a no star climb (table 5.6). 

 

Access trail length (trail_lk): This is the length of the access trail, from the parking area 

to the base of the cliff. The units are thousands of feet. A trail of 1690 feet in length 

would be listed as trail_lk= 1.690. Trail length was measured with the measuring wheel 

when hiking to the climb area. 

 

Access trail quality (trail_q): The access trail was given a rating from 1 to 5. A rating of 

one indicates the access trail is an official Forest Service system trail. Those trails are 

designed and maintained to FS standards. The trail will be well marked and cleared so it 

is easy to follow. This is the top quality trail. All the other grades (2,3,4,5) are user 

created. Grade five is no trail; the climber bushwhacks through the woods in the general 

direction of the cliff. The procedure manual, appendix I, gives definitions of the grades. 

 

Access trail quality dichotomous (trail_qd): The trail quality variable does not have a 

good distribution of values, particularly for sport climbs. To deal with this limitation this 

variable treats the trail quality variable as dichotomous. For FS system trails trail_qd=0. 

All other trails, the user created trails, are trail_qd=1. 
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Road distance (road_d): This is the road distance from the Junior Williamson Rest Area 

(the “rest area” south of Slade in figure 5.9) to the parking lot for the climb area. The 

access to the Red River Gorge for the vast majority of visitors will be south along the 

Bert T. Combs Mountain Parkway (figures 1.2, 1.3, and 5.9). The parkway connects to 

the U.S. Interstate system just east of Lexington, KY (figure 1.2). Visitors exit the 

Mountain Parkway at the Slade exit, the rest area is right there. From the rest area visitors 

disperse over twisting country roads (some paved, some gravel) through the National 

Forest to the climb areas. 

 

Road distance dichotomous (road_dd): As with trail quality, the road distance values 

were not well distributed for sport climbs. For sport climbs the distances were almost all 

about 5 miles or about 15 miles. The variable was converted to a dichotomous form with 

the rule: if distance >10 miles, road_dd=1, if not, road_dd=0. 

 

Crag map in guidebook (map): If the guidebook contains a map of the climb area 

map=1, if not map=0. Figure 4.5 is the map for the Left Flank climb area. Maps of the 

other areas are in appendix II. 

 

Photo of climb (photo): If the guidebook contains a photo of the climb, photo=1, if not, 

photo=0. 
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Cliff overhang (over_h): Does the cliff above the climb overhang the base of the climb? 

The guidebook uses a thin line with shading (figure 4.7) on the climb area maps (e.g. see 

figure 4.5, climbs 9, 10, 11), to show significant overhang. If the climb is in an area of 

overhang, over_h=1, if not over_h=0. 

 

Similar climbs in area (sim_rating): This is the number of similar climbs at the climb 

area. Similar climbs are defined as climbs of the same type (trad or sport) and within plus 

or minus two grades of the climb in question. For example, to calculate the sim_rating 

number for a 5.10a sport climb, you would count all the sport climbs at the area that had a 

rating of 5.8, 5.9, 5.10a, 5.10b and 5.10c. Traditional climbs of those grades are not 

counted. 

 

V. Base Data—Spread sheet of climb data 

 

The data for the climbs are assembled into the table “Climb input data, 5th re-estimation” 

(appendix III). For each climb area the measured climbs are listed. The first numerical 

column after the climb name is the area of impact from the “area of impact” graph (figure 

5.10 for Left Flank and appendix II for the other areas). This area is a first approximation 

of the area of impact. Most areas of impact are caused by use at several climbs—the 

impact areas are merged together (e.g. see the photo of merged impacts from the climbs 

Green Eggs and Ham, figure 4.1). The hypothesis of this research is that different climbs 
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will have different amounts of impact—but at this stage of the analysis we don’t know 

what the differences are. So, as a first approximation, an easy assumption is made, each 

climb is assumed to contribute equally to the area of impact (a violation of the 

hypothesis, but a place to start the iterative solution). So for example, at Left Flank (LF), 

the impact from the five climbs “Fast Food Christian”, “Face Up to that Crack”, “Mr. 

Bungle”, “Maypop” and “Brother Stair” has merged together into one big impact area of 

1463 ft sq (figure 5.10). On the data sheet, each of the five climbs is assigned one-fifth of 

this impact—293 ft sq. The next column of the data sheet is the natural log of this area. 

Later modeling found the area needed to be transformed to normalize the residuals of the 

regression model (more discussion in the modeling section of this report). In a number of 

cases the area value is blank. This is the indication the climb was measured but the data 

were excluded from the model. These blank areas are typically because the climb impact 

is mixed with camping impact, so the climb contribution could not be separated from the 

camp contribution, or the climb is an aid climb. 

 

The next fourteen columns in the data sheet are the values of the independent variables. 

In a few cases the overhang column (over_h) contains blanks. The overhang at a climb 

was obtained from examining the map of the climb area in the guide book (Bronaugh, 

1998). For example, the Left Flank climbs 9, 10, 11 are in an overhang area (figure 4.5). 

The overhang value is blank for the four climb areas that did not have maps in the 

guidebook.  
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The guidebook listing for Left Flank (figure 4.6) gives the details for, say, climb #1, “To 

Defy the Laws of Tradition 5.10a ** (S)”. Based on this information, the data sheet 

entries are crag=Left Flank; climb =”To Defy the Laws of Tradition”; rating=10, 

corresponding to 5.10a (per table 5.6); type =0, corresponding to (S) sport; and S1=0, 

S2=1, and S3=0, corresponding to two quality stars (per table 5.6). 

 

The final two columns on the data sheet are labeled “area_re_est” and “ln(area_re_est)”. 

This stands for area of impact re-estimated and the natural log of that value. Instead of 

stopping after dividing a large area of impact equally among the climbs in the area, the 

regression model is used to re-estimate the division. In the case of the previous example, 

the five Left Flank climbs change from an estimated impact of 293 ft sq for each climb, 

to re-estimated impacts of 304, 294, 294, 285, 285 ft sq. Note the total impact from the 

five climbs remains the same (rounding excepted). A later section explains the re-

estimation process in more detail. 

 

This data sheet is the input to the statistical analysis software (NCSS 2004) used to 

generate the impact prediction model. 

 

VI. Multiple Regression—Modeling Rock Climb Impact 

 

The third objective of this study was to model the environmental impact of rock 

climbing—to identify the factors which lead to more or less impact. Multiple regression 

was the statistical tool chosen to analyze the data and generate the model. The analysis 
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was done using the Number Cruncher Statistical Systems computer software (NCSS 

2004). 

 

a. Multiple Regression Equation 

Multiple regression produces an equation of the form: 

 y = b0 + b1x1 + b2x2 + b3x3 + ….. + bnxn  

where y is the dependent variable, environmental impact in this case. This form of 

multiple regression assumes a linear relationship between the independent variables and 

the dependent variable. Environmental impact will be represented by area of impact at the 

base of the climb. The x1, x2, x3 …xn terms are the independent variables. The 

independent variables are things such as climb difficulty rating or access trail length. The 

b values (b0, b1, b2, b3, …., bn)  are the regression coefficients. The regression coefficients are 

the slopes of the individual regression relationships between independent variable and 

dependent variable. The ordinary least squares procedure was used to determine the 

regression coefficients. 

 

While the least squares regression procedure can always find regression coefficients, the 

coefficients may not be statistically significant. NCSS uses statistical procedures to 

determine if the coefficients (the b’s) are statistically different from zero. If the 

coefficient is not statistically different from zero, then the variable associated with that 

coefficient does not affect the dependent variable. In other words, the variable is not 

important to the outcome. If the coefficient is significant, the sign and value of the 

coefficient tell the nature of the relationship. Variables which are not significant were 
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removed from the model and the regression analysis was re-run. The significance of the 

regression coefficients is represented by the p-value. The significant regression 

coefficients are assembled into the regression equation. 

 

To determine the statistical significance of the regression coefficients, the data must be 

normally distributed. In the case of simple regression, the dependent variable, y, must be 

normally distributed. In the case of multiple regression, it is the residuals that need to be 

normally distributed. The residuals are the difference between the actual value of the 

dependent variable and the value predicted from the regression equation. NCSS uses five 

different tests for normalcy. The two main tests are the Shapiro-Wilk Test and the 

Anderson-Darling Test.  

b. Data Transformation 

If the data is not normal, transformations can sometimes help. The residuals from the 

initial regression model, using area of impact as the dependent variable, were non-

normal. The residuals were skewed. A logarithmic transform of the dependent variable 

frequently fixes skew. Since there were zero values of the area of impact, it was 

necessary to do the log transform with an offset, a delta. The transform, using the natural 

log, is of the form: 

  y_transform = ln (y + delta), 

where delta = 1 was used. This transform was used on both versions of the dependent 

variable; area and area_re_est (table 5.4). 
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c. Treatment of Ordinal Data 

An additional consideration in the regression analysis was the treatment of ordinal data—

climb quality is expressed as no, one, two and three stars. There is no expectation that 

these values are equally spaced—this is an ordinal variable. To deal with this the quality 

data was converted to a set of dummy variables (S1, S2, S3) per table 5.6. 

 

Due to a poor distribution of values, two continuous variables were converted to 

dichotomous variables. The variable “Road distance from expressway (road_d)” was 

converted to a dichotomous variable with the rule:  

if road_d > 10 miles, then road_dd = 1, otherwise road_dd = 0,  

where road_dd is the dichotomous version of the road distance variable, road_d. 

 

Trail quality (trail_q) was also converted to a dichotomous form. The rule used was: 

 if trail_q = 1, then trail_qd = 1, otherwise trail_qd = 0. 

The variables for type of climb, map in guidebook, photo in guidebook, similar climbs in 

area, overhang cliff face and impact area limited were dichotomous from the start. 

 

d. Residuals, Outliers and Excluded Climbs 

Examination of the residuals was used to look for outliers. Outliers, data points with very 

large residuals, can unduly influence the regression coefficients. Outliers generally 

indicate interactions beyond the scope of the model. For this reason outliers are generally 

excluded from a model. Of the 241 measured climbs, 49 were excluded (6 sport, 43 trad). 

Generally climbs were excluded because their measured area of impact was much larger 
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than predicted. Reexamination of the raw data and area maps show the climbs with much 

larger than expected impact were in areas where other user groups were also impacting 

the area (e.g. campers and hikers). One whole area, Tower Rock, was excluded from the 

model, both climbers and hikers use the area. There is a popular hiking trail circling 

Tower Rock.  

 

On the other hand, two sport climbs were excluded as outliers because they had no 

impact (“Cold Shot” and “Flashlight”). No impact is very unusual for a sport climb—

something that does not fit the”mental model” of sport climbing in the Gorge. The six aid 

climbs were also excluded from the model. The model is only examining fifth class 

climbing (sport and traditional), not aid climbing (sixth class climbing). The exclusions 

and what can be learned from them will be discussed further in the results section. Tables 

5.7 and 5.8 list the excluded climbs. 

 

e. New Independent Variable-- Overhang 

The examination of the residuals also identified a whole new independent variable—

overhang. When the residuals from the first runs of the model were plotted on a map it 

was evident there were clusters of routes with much more than expected impact. For 

example, climbs 17 to 20 at Left Flank were a cluster with more than expected impact. 

The Left Flank map (figure 4.5) indicates those climbs are in an area of overhang (see 

map legend, figure 4.7). Based on the visual correlation between clusters of climbs with 

greater than expected impact and overhang indications on the climb area maps, the 

variable overhang was identified and added to the model. 
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Table 5.7. Sport climbs excluded from the regression model. The climbs were excluded because 
the impact at the base of the climb was from a combination of climbing and other use, the climb 
had much large impact than predicted by the regression model (and so has the potential to distort 
the model results), or the climb had essentially no impact (the impact was not above baseline, 
nab, so can distort the model results). 
 
 

crag climb name reason for exclusion 
   
   
Military Wall Forearm Follies (s) outlier-- much more impact than predicted, overhang? 
Military Wall Another Doug Reed Route (s) outlier-- much more impact than predicted, overhang? 
Wall of Denial Cold Shot (s) nab 
Wall of Denial Campfire Crank (s) unk-- climb impact mixed with camping impact 
Wall of Denial Toxic Avenger (s) unk-- climb impact mixed with camping impact 
Funk Rock City Flashlight (s) nab-- climb starts in seep 
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Table 5.8. Trad climbs excluded from the regression model. The climbs were excluded because 
the impact at the base of the climb was from a combination of climbing and other use, the climb 
had much large impact than predicted by the regression model (and so has the potential to distort 
the model results), or the climb was an aid climb. An additional 38 trad climbs, not shown, with 
zero area of impact were excluded because their distribution of residuals in the regression model 
indicated they were from a different population. 
 
 

crag climb name reason for exclusion 
   
Military Wall Jungle Beat outlier-- much more impact than predicted, overhang? 
Military Wall Things That Go Bump outlier-- much more impact than predicted, overhang? 
Tower Rock Anything You Want climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Mighty Eidson climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock The Grunges #1 climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock The Grunges #2 climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock The Grunges #3 climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Salad Days climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Groundhog climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Curving Crack climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Razor's Edge climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Caver's Route climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Caver's Excitement climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Whimpering Insanity climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Shower of Power climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock The Corner climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock No Brain, No Pain climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Tower Backside climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Another Grunge climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Blow Me Down climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Arachnid climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Anti-gravity Acrobatics climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Dog Days climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Bleak Future climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Africa climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Madagascar climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock South of Zimbabwe climb impact mixed with hike impact (and request to reduce climbing) 
Tower Rock Delta Blow climb impact mixed with hike impact (and request to reduce climbing) 
Lower Small Wall Eggshell unk-- climb impact mixed with camping impact 
Wall of Denial Apehouse unk-- climb impact mixed with camping impact 
Wall of Denial Double Trouble unk-- climb impact mixed with camping impact 
Wall of Denial Pink Panties Pulldown unk-- climb impact mixed with camping impact 
Wall of Denial New Red River unk-- climb impact mixed with camping impact 
Wall of Denial Icy Fresh unk-- climb impact mixed with camping impact 
Wall of Denial Strick 9 unk-- climb impact mixed with camping impact 
Wall of Denial Buckeye Testpiece unk-- climb impact mixed with camping impact 
Sky Bridge Rdg-W Refraction aid climb 
Sky Bridge Rdg-W The Great Arch (left) outlier-- much more impact than predicted--  overhang 
Sky Bridge Rdg-W Icarus outlier-- much more impact than predicted--  overhang 
Sky Bridge Rdg-E Right On, Solid, and Far Out aid climb 
Sky Bridge Rdg-E Heavy Weather aid climb 
Funk Rock City Unknown (Funk Rock City, A1) aid climb 
Funk Rock City Armageddon aid climb 
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f. Re-estimation of Area of Impact 

It is common for three, four or even five climbs to be close together on the cliff. That is, 

the starts of the climbs are spaced close together along the base of the cliff. In these 

cases, the impact zone from each climb can merge with the zones below adjacent climbs 

to make one big zone. This merged zone of impact presents a problem for the regression 

model. What area of impact is to be attributed to each climb? As a first approximation, 

the total area of impact is attributed equally to the climbs in that zone. So if there are four 

climbs in the zone (see climbs 3, 4, 5 and 6 in the Left Flank impact map, figure 5.1 and 

5.10) then each climb is given one fourth of the total impact. In other words, for a first 

approximation, all of the climbs in the zone are assumed to contribute equally. But the 

hypothesis of this study, and the regression model which results from this equality 

assumption shows that the climbs do not, in fact, typically, contribute equally to the 

impact zone—some climbs have more impact than others. The “re-estimation” process 

recognizes this difference.  The regression model, using the areas of impact of all the 

other climbs in the study area, provides new data that can be used to re-estimate the 

division of the zone of impact. The model predicts the impact from, say, each of the four 

climbs. But these predictions contain error; they cannot be used as is. The sum of the area 

of impact of the four climbs must still add up to the total area of impact measured in the 

field. So, the sum of the four predictions is totaled and compared with the field 

measurement. The ratio of the sum of the four predictions, to the field measurement, is 

used to proportion the predictions. 
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The re-estimation process is done for each zone of impact caused by multiple climbs. 

Zones where a single climb causes the impact do not need re-estimation. 

 

When the re-estimation is complete for the 241 climbs, the multiple regression model can 

be re-run with these new values for the dependent variable. With multiple re-estimations 

and re-runs of the regression model, the results should converge on the truth. The key to 

the re-estimation process is that the knowledge from all the climbs is used (in the form of 

the regression model) while maintaining the total area for each zone. 

 

g. Re-Estimation Example 

 
 
To see how the re-estimation process works, consider four climbs at Military Wall. Table 

5.9, Re-Estimation Example, shows how an impact area of 480 ft-sq is divided up into 

four individual areas of 68, 175, 154, and 83 ft-sq, based on the climb parameters and the 

multiple regression model. This re-estimation process is used on all the climbs for each 

iteration of the model.  
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Table 5.9. Re-Estimation example. The iterative procedure to determine the area of impact from an individual climb when the impact 
from that climb has merged with the impact from other climbs. 
 
 
Consider four climbs at Military Wall. First measure the total area for the impact associated with the four climbs. Then use the multiple regression equations 
developed in the sixth run of the model to re-estimate the area associated with each individual climb. 
 
The four climbs are “Pink Feat” to “G.I.”. The area of impact associated with these four climbs was measured in two segments.  
 
Segment Width Length Area 
Begin End of zone (end-begin) (ft-sq) 
   (ft) (ft)     (ft)     (ft) 
1360 1380    12      20  240  
1380 1400    12      20  240  
          TOTAL   480 
 

climb climb name area rating stars road_dd trail_lk trail_qd sim rating over_h pred area area_re_est 
#  ftsq   S1 S2 S3        
43 Pink Feet 120 5.12a 18 0 0 1 0 1.96 0   1 0  82   68 
44 Super Slab (s) 120 5.12c 20 0 0 1 0 1.96 0 14 0 210 175 
45 All Things Considered (s) 120 5.11d 17 0 0 1 0 1.96 0 18 0 185 154 
46 G.I. 120 5.7   7 1 0 0 0 1.96 0   8 0   99    83 
            Totals 576 480 

 
From the multiple regression model, for the 6th re-estimation, the predictions are: 
 
Sport predicted area = EXP (5.78 -0.39(trail_qd) – 0.031(sim rating) + 0.59(over_h) ) 
 
Trad predicted area = EXP (4.65 – 0.038(rating) +0.32(S1) + 0.43(S2) + 0.55(S3) – 0.055(trail_lk) + 0.94(over_h) ) 
 
The predicted area in the chart above is calculated using these two equations. 
 
The measured area associated with the four climbs is 480 ft-sq. The first estimation of the impact of each climb just divides the 480 ft-sq equally among 
the four climbs—that is 120 ft-sq for each climb. But the regression model uses all the additional information from the other climbs in the study area to 
provide a much better way to estimate the contribution from the four climbs. The model predicts the impact from the individual climbs. The sum of the 
predictions is 576 ft-sq. This sum is more than estimated, so the predictions need to be ratioed down by 480/576 to give the re-estimated areas. So, for 
example, the area associated with “Pink Feat” goes from 120 to 68 ft-sq. 
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Chapter 6—Findings and Analysis 
 

I. Overview of Results 

The environmental impact was measured at the base of 241 rock climbs in the Red River Gorge 

Geologic Area of the Daniel Boone National Forest. A multiple regression model was created to 

predict impact, using area of bare ground as a surrogate for environmental impact. Most impact 

areas are the result of the impact from several climbs merged together. It is not possible to tell 

from examining the ground how much impact is caused by each climb. The regression model 

was used to separate out the impact from individual climbs. The model was used to determine 

the factors which are important and not important to predicting impact. The most important 

factor in determining amount of impact was found to be the type of climb, that is whether the 

climb is a sport climb or is a trad climb.  

 

Sport climbs in RRGGA have three times as much impact as traditional climbs (table 6.12): 280 

ft-sq for sport climbs vs. 94 ft-sq for trad climbs. The regression model shows the difference 

between sport and trad is significant with p<0.0000. 

 

Further, the total area of impact varied greatly at the sixteen measured climb areas. The climb 

area Military Wall had nearly twice as much area of impact as the next most impacted area, Left 

Flank, (figure 6.1). The eight least impacted areas had less than a tenth the impact of Military 

Wall.  

 

The amount of impact at Military Wall is not typical of climbing areas in RRGGA. Military Wall 

may be an example of an icon destination site. Ray Ellington (2005:40) in his guide book says  
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Figure 6.1. The area of impact at the concentrated use areas (climbsites) at the base of the cliff at 
the sixteen climb areas. At some areas the measured impacts include impacts from other 
activities; e.g. hiking at Tower Rock and D. Boone Hut Crag, and camping at Wall of Denial and 
Lower Small Wall. These totals represent impacts at concentrated use areas (analogous to 
impacts at campsites or destination points) the areas of the approach and cliff base trails are not 
included. 
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“Military Wall has some of the best sport climbing in the South. Almost anyone who visits the 

Red is sure to spend at least one day getting a taste of the Red River pump on Military’s “5.12 

Wall””. And Military wall is very accessible—it is a short drive from the Slade Rest Area and 

the approach hike is short, on an official trail.  

 

Military Wall is probably more in a class with other RRGGA icon sites like the 75 foot long 

natural arch, Sky Bridge. The DBNF trail map (DBNF trail map 1998) under attractions lists, 

“One of the best known and most accessible arches is Sky Bridge. The top of the bridge can be 

reached via a short paved walkway from the parking lot…. Visitors to this arch are treated to a 

magnificent view of the Gorge and Clifty Wilderness Area.” 

 

The regression model identified the factors that are important in predicting the environmental 

impacts, and the factors that are not important (table 6.11). Many of the factors which predict 

impact are as expected, with the expected direction of relationship. For example, the difficulty of 

a trad climb is a significant predictor of impact. As the difficulty increases, the impact is 

reduced. Similarly, as the access to the climb gets more difficult, trail quality (for sport climbs) 

or length (for trad climbs), the impact is reduced. Better climbs, more quality stars, leads to more 

impact (for trad climbs).  

 

Unexpected results are that climb difficulty, access trail length and road distance are not 

important predictors of impact at sport climbs.  
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From a geographic perspective, the perspective of the study of human interaction with the 

environment; the most basic finding is the almost perfect correlation between locations where 

people begin their rock climbs and the areas where the environment is impacted. The first part of 

the next section discusses this correlation using the Left Flank climb area as an example. 

 

II. Correlation between climb locations and impact locations 

The graph of impact at a climb area is assembled from two data sets. The first set is the areas of 

bare ground—the start points, end points and the width of each area of impact. The second data 

set is the locations of the base of the rock climbs. Figure 6.2 shows these two data sets plotted 

separately, for the climb area Left Flank. The top graph is just the impacts. The bottom graph is 

just the climbs.  

 

Walking through the forest at the base of the cliff, looking at the ground, the areas of bare ground 

centered at 20 ft, 140 ft, 250 ft, and so on, could indicate concentrations of human activities. 

Identifying the probable cause of the impacts is similar to what we frequently do in other parts of 

the forest. Consider walking through the forest on a weekday in the early fall. One can look at 

the ground and confidently say this line of disturbed vegetation is a trail. This is where people 

hike. Further, this area of bare ground, on a relatively flat area, possibly with a fire ring, is where 

people camp. We can make these predictions with confidence even though no tents or people are 

present.  

 

Now consider a rock climb area. The lower graph in figure 6.2 shows the locations of the rock 

climbs at Left Flank. The almost perfect correlation between the locations of the climbs and the 
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Figure 6.2. The separate graphs show the spatial correlation between impact zones, upper graph, 
and climb locations, lower graph at the Left Flank climb area. One can assume the use of the 
climbs is causing the impacts. 
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locations of the impacts says the climbs are very likely the cause of the impact. The relationship 

between climb and impact is almost perfect, but there are interesting deviations. 

 

Consider the climb “Trad Boy Go” at 820 ft. on the graph with the impact and climb locations 

combined (figure 6.3). There is a trail in that location, but there is no impact beyond the trail. 

There is either no impact from that climb, or the impact is less than the width of the trail. This 

climb is entered in the model as zero area of impact (to be called a “zero” climb). Other 

examples of a climb but no impact can be seen at the Military Wall climb area (see graph in 

appendix II). Consider the Military Wall climbs “Henry K’s Glasses”, “Stacy’s Farewell”, 

“Thought it was Bubbles” and “Sailing Shoes”. Here are climbs with no impact (or no impact 

beyond the baseline of the trail). All these climbs are trad climbs, trad climbs at what is basically 

a sport area. 

 

The opposite situation is also present—impact at the base of the cliff, but no climbs. Consider the 

climb area “Lower Small Wall” (appendix II). As before, there are a number of well defined 

impact areas centered on climbs (and a few climbs without impacts). What stands out is the very 

large impact at about 1000 ft with only one climb, “Eggshell”, at its right side. It seems unlikely 

“Eggshell” is causing all the impact, especially since the impact is not centered on the climb. 

Referring to the Rock Climb monitoring form (appendix II) for Lower Small Wall, the 

explanation for the impact becomes obvious. The impact zone ending at 960 ft contains one fire 

scar and a “stack of cut and split fire wood”. Further notes indicate this is an area where people 

are camping and looting an archaeological site. 
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Figure 6.3. The correlation between the locations of the climbs and the locations of the impacts is clear. Occasionally a zone of 
impact is caused by a single climb, e.g. the impact zone associated with the climb named “Infectious”, a sport climb. More common, 
though, are climbs located close together. For climbs close together, the impacts from the individual climbs can merge together into 
one larger area. On the other hand, there are occasional climbs with no associated impact, e.g. “Trad Boy Go”. Trad Boy Go, as you 
might expect, is a traditional climb; a traditional climb at what is otherwise an almost completely sport area.
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Another climb area with impact most likely caused by non-climbers is “Wall of Denial”. Of the 

sixteen climb areas studied; this one has the most difficult approach. The trail head for the area is 

the greatest road distance from the Slade Rest area. The approach trail is the longest by far (6900 

ft approach trail, vs. 1700 ft for the popular Left Flank climb area). Wall of Denial is in the Clifty 

Wilderness, an area managed for a more pristine nature based experience than the other parts of 

the RRGGA. It may be that the difficult access and remoteness (the things which the model says 

will reduce impact) are just the things which draw certain people to this area.  

 

The impact graph of Wall of Denial shows several areas where the impact seems to be out of 

proportion to the number and type of climbs, particularly the impact centered around 550 ft. 

Referring to the notes on the monitoring form for Wall of Denial (appendix II), it is apparent the 

impact at 550 ft is from camping, in addition to climbing. The notes indicate the area is flat, with 

a rock shelter under the cliff; a fire scar is present as are trees damaged by axes. At about 770 ft 

is another flat rock shelter area with fire scar—more camping. Camping in rock shelters, while 

illegal in this part of the forest, is common. Based on the evidence, it is not possible to say if the 

campers who caused the impacts are also climbers.  

 

III. Intentional Damage—Trash, Fire Scars and Tree Damage 

 Classic avoidable impacts at campsites are trash, fire scars and tree damage. These impacts are 

measured by many researchers (Marion and Farrell 2002; Leung 1998; Rochefort and Swinney 

2000; McEwen, Cole and Simon 1996) and measured as part of many agency monitoring 

projects (DBNF LAC monitoring program). Table 6.1 summarizes the results for the sixteen rock 
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Table 6.1. Trash, Fire Scar and Tree Damage, examples of avoidable damage. 
 
crag trash trash description tree tree 
   

fire  
scar stumps damage

Tunnel Wall none-v. minor none 0 0 0 
Jewel Pinnacle none-v. minor none 0 2 0 
Left Flank none-v. minor none 0 54 8 
D. Boone Hut Crag none-v. minor none 0 1 2 
Tower Rock none-v. minor none 2 3 0 
Wall of Denial none-v. minor zip lock bag 2 6 1 
Camp Store Crag none-v. minor tape ring 1 3 0 
Military Wall none-v. minor cigarette wrapper 2 4 1 
Funk Rock City none-v. minor apple sticker, small tag 3 10 1 
Lower Small Wall none-v. minor 4 beer bottle, grill grate 4 7 0 
Sky Bridge Ridge- e none-v. minor 6 beer bottles 0 16 4 
Duncan Rock none-v. minor 6 beer can, gum wrapper 1 2 0 
Sky Bridge Ridge- w none-v. minor 15 beverage cans 1 3 0 
Gray's Wall major bouldering pad 0 0 0 
Eagle Point Buttress major broken bottles, plastic bottles, clothing, food cans 1 0 0 
Princess Arch major 50 cans or bottles, stainless cook pot, clothing 0 0 0 
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 climb areas. Trash ranged from none to very minor at all but three of the sites (see Monitoring 

Manual in appendix I for a definition of the trash categories). The “none-v. minor” category 

encompasses five climb areas with no trash at all and four more with just a single cigarette pack 

wrapper or the sticker from an apple. The maximum trash in the ”none-v. minor” category was 

15 beverage cans—at Sky Bridge Ridge-west.  

 

Three climb areas did contain major amounts of trash. The trash at Gray’s Wall was climbing 

related—a bouldering pad. Bouldering is a subspecialty of rock climbing where the climbers do 

not use a safety rope and they stay close to the ground. The “boulderers” use a safety pad to 

cushion their falls. 

 

The other two areas (Eagle Point Buttress and Princess Arch) with a major amount of trash have 

an interesting impact pattern. They have one or no fire scars and no severely damaged trees. In 

almost all cases of camping, trash, fire scars and tree damage occur as a threesome. That there is 

trash without the other two impacts points to a cause other than camping. In both cases there is a 

popular trail at the top of the cliff. It is most probable that the trash was thrown off the top of the 

cliff. 

 

Half the climb areas had no visible fire scars. The most fire scars, four, was at Lower Small 

Wall. Two of the scars were associated with the area of looting. On the whole, the fire scars were 

associated with flat areas (some in rock shelters) suitable for camping. Based on the lack of fire 

scars at many climb areas, it appears that rock climbers do not build campfires as part of the 
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climbing experience. Fire scars at climb areas are most likely from camping—see following 

comparison of campsites and climbsites. 

 

Severe tree damage was absent from twelve of the sixteen climb areas. This is a pattern which 

further differentiates climbing impacts from camping impacts.  

 

Three of the climb areas had ten or more tree stumps. Based on the vegetation along the cliff 

adjacent to the climb impact zones, many more stumps were probably present. Apparently all 

evidence has been removed by the foot traffic at the climb areas. It is evident that climbers 

establishing a new climb are cutting down trees and shrubs. This vegetation removal is similar to 

what is required to build a trail, picnic area or road. But in the case of rock climbing it was, most 

likely, not authorized by the Forest Service. 

 

IV. Erosion and Soil Profile Truncation 

Exposure of mineral soil and tree roots is evidence of erosion with resulting soil profile 

truncation. At the base of essentially all of the climbs all of the ground cover is removed and 

exposed mineral soil is category six—96 to 100% exposed mineral soil.  

 

Tree root exposure can give an indication of the amount of mineral soil that has been removed. 

The assumption is that tree roots grow under the organic soil level, in the mineral soil layer. The 

amount of soil lost to erosion will be greater than the distance from the top of the exposed root to 

the ground surface below the root. For this research, tree root exposure was categorized as 

none/slight, moderate or severe (see figure on page 51 in monitoring manual- root exposure).  
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Severe tree root exposure, an indicator of severe erosion, is present in one or more trees in thirty 

of ninety-six impact zones in the study area (table 6.2). Since the vegetation and organic soil 

layer has been removed from the ground at essentially all ninety-six impact zones, whether soil 

erosion occurs will be a function of the topography in the zone. If the ground in the zone is steep, 

there will tend to be more erosion. If the cliff is overhanging, thus shielding the ground from 

direct rain fall, there will tend to be less erosion. The amount of rock in the ground of the impact 

zone will also modify the amount of erosion. 

 

Erosion is a negative because it removes the soil that plants would need to re-grow if rock 

climbing were eliminated from the area. Erosion is also a negative because it removes the 

protective layer of soil from archaeological artifacts which may be present. When the protective 

cover of soil is removed the artifacts are subject to damage, displacement, or looting. 

 

V. Comparison of Campsites and Climbsites 

Camping is one of the primary activities in the backcountry. The concentration of use and 

duration of stay can lead to a particular pattern of impact at campsites. This pattern is evident to 

even the most casual visitor to the forest. This pattern is used by researchers and campers alike to 

find campsites. The impacts include an area of disturbed vegetation and bare ground, damaged 

trees, tree stumps, tree root exposure and campfire rings. These factors taken together can be 

thought of as the “signature” of a campsite. Likewise, there is a pattern of impact at the climb 

areas.  
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       Table 6.2. Evidence of Severe Soil Erosion 

crag 
# impact  
zones 

# zones with 
soil erosion 

# trees with 
root exposure 

Tunnel Wall 3 0 0 
Gray's Wall 1 0 0 
Military Wall 7 6 11 
Left Flank 7 3 24 
Duncan Rock 4 1 3 
Jewel Pinnacle 2 2 2 
Tower Rock 11 6 17 
Lower Small Wall 13 1 3 
Eagle Point Buttress 4 0 0 
Wall of Denial 8 0 0 
Sky Bridge Ridge- w 6 0 0 
Sky Bridge Ridge- e 12 4 7 
Funk Rock City 14 6 21 
Camp Store Crag 1 0 0 
Princess Arch 2 0 0 
D. Boone Hut Crag 1 1 5 
    
TOTAL 96 30 93 

  



 122

 

Consider the climb area Left Flank. The impact graph (figure 6.3) shows seven zones of impact. 

Most of the zones are the result of several climbs, a couple of zones are the result of just one or 

two climbs. Each of these zones is the result of concentrated use over a period of time—like a 

campsite. The zone of impact, which is the result of climbing, can be called a climbsite. Table 

6.3 summarizes the key indicators at the climbsites in the study area. 

 

For example, Left Flank has 7003 ft2 of impact in the seven climbsite zones. Left Flank also has 

six trees with moderate or severe human caused damage, sixteen trees with moderate or severe 

root exposure, thirty-five tree stumps and no fire sites (see data sheet in appendix II and table 

6.3). In addition, the seven impact zones (climbsites) extend for a total of 393 feet along the base 

of the cliff (the cliff base trail may run at the base of the cliff in places, but it will typically have 

slight mineral soil exposure so erosion will be small).  For the sixteen climb areas in this study, 

there are a total of ninety-six climbsite zones for a total of 44,878 ft2 of impact (some camping 

impact is certainly included in this total, e.g. at Wall of Denial and Lower Small Wall). This is an 

average of 467 ft2/ climbsite. Similarly the averages for trees and fire sites are calculated. To put 

the climbsite impacts into perspective, consider campsite impacts. 

 

The best comparison for climbsites in the RRGGA would be to campsites in the RRGGA. Work 

is underway at this writing to document campsite impacts (DBNF LAC inventory) but the results 

are not due for some time. As an alternative, consider the campsite monitoring by Leung (1998, 

2005) in Great Smoky Mountains National Park. The foundation for Leung’s monitoring 

procedures is the same as used here (Marion 1991). Table 6.4 compares the results for campsites 
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Table 6.3. Summary of climbsite key indicators. These values form the signature of a 
climbsite, to be compared with the signature of a campsite. For this table, just the impacts 
that occur within a climbsite are included, i.e. impacts on trails between sites are not counted 
here. 
 

crag 

# of 
impact 
zones 
(climb
sites) 

area of 
impact 
zones 

(ft2) 

# of 
damaged 

trees

# trees 
with root 
exposure

# of tree 
stumps 

# of 
fire 

sites
Tunnel Wall 3 237 0 0 0 0
Gray's Wall 1 135 0 0 0 0
Military Wall 7 11709 1 10 4 2
Left Flank 7 7003 6 16 35 0
Duncan Rock 4 734 0 3 2 1
Jewel Pinnacle 2 477 0 2 2 0
Tower Rock 11 2870 2 12 3 2
Lower Small Wall 13 3151 0 3 7 4
Eagle Point Buttress 4 600 0 0 0 0
Wall of Denial 8 5587 1 0 5 2
Sky Bridge Ridge- west 6 1862 0 0 3 1
Sky Bridge Ridge- east 12 5381 4 7 16 0
Funk Rock City 14 3586 1 18 8 0
Camp Store Crag 1 525 0 0 3 1
Princess Arch 2 422 0 0 0 0
D. Boone Hut Crag 1 599 2 5 1 0
        

SUM 96 44878 17 76 89 13
        

number/ impact zone   467 0.2 0.8 0.9 0.1
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Table 6.4. Comparison of campsites and climbsites. Impact at campsites is the best studied of 
recreation impacts in wildlands. To put the climbsite impact in perspective, it is compared to 
campsite impacts. Campsite data is not currently available for RRGGA so data from another area 
in the eastern US is used for comparison. For each indicator, there is significant difference 
between the campsite and climbsite—the impact signatures are different. 
 
 
 
site indicator mean value median value 
 camp 

site 
 

climb 
site 

 

ratio 
(climbsite/ 
campsite) 

camp 
site 

 

climb 
site 

 

p-value 
difference 
of medians 

N 377 96     
site size (ft2/site) 1400 470 0.33 819 244 0.000 
tree root exposure (trees/site) 1.3 0.8 0.62 0 0 0.040 
tree stumps (stumps/site) 2.0 0.9 0.45 1 0 0.001 
damaged trees (trees/site) 3.0 0.2 0.07 1 0 0.000 
fire sites (sites/site) 1.6 0.1 0.06 1 0 0.000 
 
Notes: Campsite data from Great Smoky Mt. National Park (Leung 1998, Leung 2005) 
 Climbsite data from RRGGA, this thesis 
 The p-values for difference of medians are based on the Wilcoxon Rank-sum Test 
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and climbsites. The differences between campsites and climbsites are all significant based on a 

Wilcoxon Rank-sum test of medians. 

 

The comparison shows climbsites in RRGGA to be about one third the size of campsites in Great 

Smoky Mountains National Park. Damaged trees per site and camp fire sites per site are much 

less at the climbsites. Tree stumps and tree root exposure, while statistically different,  are, as a 

practical matter, about the same at the two kinds of sites (rounded to the nearest whole number, 

there are two stumps at campsites and one stump at climbsites, or one tree with severe root 

exposure at campsites and at climbsites). There are many fewer numbers of damaged trees at 

climbsites than at campsites. Fewer damaged trees may be directly related to the almost complete 

absence of fire sites. Since climbers don’t appear to be building fires at the climb areas, they 

have no need to carry an axe—so no tool to damage trees. (It is also possible climbers are too 

busy with the activity of climbing to find time to carve-on or otherwise damage trees. It is also 

possible climbers have a self imposed ban on sharp implements around the all-important 

climbing rope). 

  

The comparison between campsites and climbsites is graphed in figure 6.4. The campsite values 

are normalized to one, the climbsite values are shown relative to the campsite values. 

 

Based on the impact signature, figure 6.4, the factors which may be most useful in distinguishing 

camping caused impact from climbing caused impact are damaged trees and fire sites. 

Conversely, if there is a climb route associated with the impact, presence of tree damage and/or a 

fire site would cause suspicion that camping is also involved in causing the impact. 
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Figure 6.4. Impact Signature- campsite vs. climbsite. The zone of impact that forms at 
the base of one or more climbs, a climbsite, is quantitatively different than the zone of 
impact that forms at a campsite. These different impact signatures can be used to help 
determine if an impact at the base of a cliff is climbing related, camping related, or 
perhaps, a combination of the two.  
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VI. Statistical Analysis—Modeling of Environmental Impact of Rock 

Climbing 

The model generation process was an iterative process involving much trial and error. As Miles 

and Shevlin (2001:33) say, the modeling process is “much more of an art than a refined science”. 

In the end, the data set of 241 climbs was broken into four groups. They are: 

- sport climbs used in the sport model 

- traditional climbs used in the trad model 

- trad “zero” climbs which were excluded from the model 

- outliers which were excluded from the sport or trad models. 

Of the initial 90 sport climbs, six were excluded from the sport model (table 5.7). Two were 

excluded because their actual area of impact was much larger than predicted by the model (i.e. 

they are outliers). Possibly there is an overhang at the two climbs (“Forearm Follies” and 

“Another Doug Reed Route” at Military Wall) which is not shown in the guide book. The two 

climbs are adjacent to each other. Another two sport climbs were excluded because their impact, 

zero area, was much less than predicted. One of the two, “Flashlight” at Funk Rock City, starts 

above a seep. The seep means, if the climb were used, the belayer and the climb rope will be 

slowly sinking into the muck as the climber climbs. Two other sport climbs were excluded 

because climbing and camping impact was mixed making it difficult to separate out the climbing 

impact. The remaining 84 climbs were used to generate the sport model.  

 

Of the initial 151 traditional climbs, 76 climbs were excluded (table 5.8), leaving 75 climbs for 

modeling. Two climbs were excluded because their impact was much larger than expected—

these two trad climbs are adjacent to the two sport climbs (at Military Wall) that were excluded, 
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with the suspicion an overhang was not mapped. A closer examination of the map for Military 

Wall (Bronaugh 1998: 25) after completion of model generation lead to the discovery of a small 

overhang, at climbs 18 and 19—the model worked in the sense it raised a suspicion that an 

overhang was present. Eight climbs were excluded because their impact was mixed with 

camping impact (at Lower Small Wall and Wall of Denial). One whole climb area, Tower Rock, 

26 climbs, was excluded because of mixed climb, hike and camp impact. Tower Rock is the only 

climb area where an official Forest Service trail runs along the base of the cliff. In addition the 

Forest Service web site on rock climb recreational opportunities in the Red River Gorge asks 

climbers to “limit climbing on Tower Rock …. to allow vegetation to recover” (DBNF climb, 

2005). Since the model is intended to model current climbing, Tower Rock is further defined as 

not appropriate to include in the model. (A number of climb areas were never measured in the 

first place because the areas were known to have a combination of climbing and other uses. For 

example the Half Moon area was not measured because both rappellers and rock climbers use it. 

Moonshiner’s Wall was not measured because both party campers and climbers use the area, see 

tables 5.1 and 5.2, areas measured and not measured). Five aid climbs were also excluded as 

outside the scope of the model (the model is for fifth class climbing).  

 

With these exclusions, a multiple regression model was generated for the traditional climbs. The 

graph, figure 6.5, shows the histogram of the residuals. The graph shows a bimodal distribution 

of the residuals. A bimodal distribution of residuals may indicate there may be not one but two 

processes represented by the data (Eye and Schuster 1998). An examination of the residuals 

showed that all the climbs represented by residuals less than or equal to -1.5 are “zero” climbs. 

That is, all the climbs have zero area of impact (or impact not beyond the width of the cliff base 
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Figure 6.5. Residuals from the multiple regression model of trad climbs. The 
bimodal distribution suggests there are two processes at work. One process is 
reasonably well described by the model—the one with residuals centered near 
zero. The other process, the one represented by the left mode, is not well modeled.
The left mode of the distribution is from climbs with zero area of impact. The 
“zero” climbs were eliminated from the trad model.  
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trail). The left mode in the graph represents the “zero” climbs. That the residuals for the “zero” 

climbs are not centered on zero indicates the model does not handle them well. The “zero” 

climbs are dropped from the analysis with the explanation they represent a different population, a 

different population for which explanatory variables have not been identified. The “zero” climbs 

represent the exclusion of an additional 38 climbs. 

 

With early versions of the models (sport and trad) I did another residual analysis and identified 

climbs with large positive residuals, climbs where the actual impact was much larger than 

expected. In many cases, when plotting the residuals on a map, it was evident climbs were 

clustered into spatially related groups. Good examples of this clustering are the climbs 9, 10, 11 

and 17, 18, 19, 20 at Left Flank (figure 4.5). The map legend, figure 4.7, indicates the “thin line 

shading shows significant overhang” (Bronaugh, 1998:17). These observations lead to revising 

the model to include overhang as an explanatory variable. Unfortunately this discovery was 

made after the field data collection so climbs could only be coded as a dichotomous variable: 

overhang, yes/no based on the maps in Bronaugh (1998).  It would be better to measure the 

amount of overhang (distance from climb base to drip line) to give a continuous variable.  

 

During this iterative process of model building, residual analysis, and model use it was realized 

that one of the original explanatory variables, “impact limited”, was not a predictive variable. 

The variable was dropped from the model. The variable “impact limited” looked at the impact 

area at the base of the climb and asked the question; “Is the current impact limited from further 

expansion by some physical feature?” Typical features are steep slopes or cliff edges—the 

impact is stopped by the slope or drop-off.  This variable can not be used to predict area of 
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impact—the variable can only be evaluated after the fact. A better way to deal with the 

underlying concept would be to use an explanatory variable which represents the distance the 

impact could expand (say distance perpendicular to the cliff face) before running into a physical 

barrier. This variable could be called “expansion potential”. 

 

The “re-estimation” process (table 5.9) was being used at the same time variables were being 

added and removed, and as outliers were being identified and removed. The model is attempting 

to explain and predict the area of impact from individual climbs. Unfortunately the area of bare 

ground measured in the field is frequently the result of several climbs. Frequently the impact 

from adjacent climbs has expanded and merged together into one continuous area (a climbsite). 

At Left Flank (figure 6.3) five of seven climbsites are the result of the impact from multiple 

climbs. To build the regression model to predict impact from individual climbs, it is necessary to 

guess at the contribution from each individual climb to the zone of impact, and then use the 

guesses to generate a model which can be used in turn to generate better guesses, until the results 

converge—the iterative process. 

 

The re-estimation process was implemented five times to generate the final sport and trad 

models. 

 

VII. Sport Model 

The results of two sport models are presented. The first model uses five explanatory variables to 

predict area of impact. A summary of the model is shown in table 6.5. The residuals in this 

model are normally distributed. The second model is simplified by the removal of two non-
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significant variables (table 6.6). The second model, with three explanatory variables is the final 

sport model. The three explanatory variables are “overhang”, “similarity rating” and “trail 

quality”. 

 

There are several automated procedures in NCSS to aid in variable selection. The generally fall 

into the categories of stepwise regression and all possible regressions. My variable list was short 

enough that I selected variables based on a manual stepwise procedure—eliminating variables 

based on the statistical significance of the individual regression coefficients.  

 

Consider variable selection based on the sport model with five variables (table 6.5). In the 

“Regression Equation Section” the independent variable trail_qd (trail quality dichotomous) has 

a probability level (p-value) of 0.0059. This means that the probability of the coefficient of the 

variable being zero is 0.0059, a very low probability. Put another way, there is a 99.4% chance 

the coefficient is different from zero. This is much better than the frequently used cut off of 95% 

chance. This variable is contributing to the model, the variable stays. 

 

On the other hand, the variable for trail length (trail_lk, trail length in 1000’s of feet) is not 

significant. The p-value for the variable is given as 0.2982. This p-value implies there is a good 

chance that the regression coefficient for this variable is not different from zero. A zero 

coefficient means the value of the variable does not affect the outcome. If the variable does not 

affect the outcome, the variable can be dropped from the model without affecting the result. The 

model is simpler without the variable and the variable has been tested and found not important. 
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Table 6.5. Sport climb five variable model. The “Normality Tests Section” shows a normal distribution 
of the residuals. But, two of the “Independent Variables”, road_dd and trail_lk, are not statistically 
significant and should be removed. See table 6.6 for the results with the variables removed.   

 
 
 

Multiple Regression Report 
Page/Date/Time 1    3/22/2005 12:47:19 PM 
 Database         climb impact areas, x-outliers, x-zero, 5th re-estimation--- sport 
Dependent ln_area_re_est_ 
 
Run Summary Section 
Parameter Value Parameter Value 
Dependent Variable ln_area_re_est_ Rows Processed 90 
Number Ind. Variables 5 Rows Filtered Out 0 
Weight Variable None Rows with X's Missing 0 
R2 0.6145 Rows with Weight Missing 0 
Adj R2 0.5898 Rows with Y Missing 6 
Coefficient of Variation 0.0557 Rows Used in Estimation 84 
Mean Square Error 9.506618E-02 Sum of Weights 84.000 
Square Root of MSE 0.3083281 Completion Status Normal Completion 
Ave Abs Pct Error 4.312   
 
Regression Equation Section 
 Regression Standard T-Value  Reject Power 
Independent Coefficient Error to test  Prob H0 at of Test 
Variable b(i) Sb(i) H0:B(i)=0 Level 5%? at 5% 
Intercept 5.8706 0.1060 55.408 0.0000 Yes 1.0000 
over_h 0.5669 0.0763 7.429 0.0000 Yes 1.0000 
road_dd 0.5421 0.3246 1.670 0.0988 No 0.3784 
sim_rating -0.0335 0.0067 -5.014 0.0000 Yes 0.9986 
trail_lk -0.0304 0.0290 -1.047 0.2982 No 0.1787 
trail_qd -0.9137 0.3227 -2.831 0.0059 Yes 0.7985 
 
Analysis of Variance Section 
   Sum of Mean  Prob Power
Source DF R2 Squares Square F-Ratio Level (5%)
Intercept 1  2569.333 2569.333 
Model 5 0.6145 11.82096 2.364191 24.869 0.0000 1.0000
Error 78 0.3855 7.415163 9.506618E-02 
Total(Adjusted) 83 1.0000 19.23612 0.2317605 
 
Normality Tests Section 
Test Test Prob Reject H0 
Name Value Level At Alpha = 20%? 
Shapiro Wilk 0.9826 0.315504 No 
Anderson Darling 0.4690 0.248437 No 
D'Agostino Skewness 1.0249 0.305430 No 
D'Agostino Kurtosis 0.6605 0.508910 No 
D'Agostino Omnibus 1.4866 0.475533 No 
 
Plots Section 
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Table 6.6. The final, three variable, sport model. The residuals do not meet all the normality tests, but 
residuals of the closely related five variable model, table 6.5, do meet the tests. 

 
 
 
 Multiple Regression Report 
Page/Date/Time 1    3/22/2005 12:39:40 PM 
Database climb impact areas, x-outliers, x-zero, 5th re-estimation--- sport 
Dependent ln_area_re_est_ 
 
Run Summary Section 
Parameter Value Parameter Value 
Dependent Variable ln_area_re_est_ Rows Processed 90 
Number Ind. Variables 3 Rows Filtered Out 0 
Weight Variable None Rows with X's Missing 0 
R2 0.5983 Rows with Weight Missing 0 
Adj R2 0.5832 Rows with Y Missing 6 
Coefficient of Variation 0.0562 Rows Used in Estimation 84 
Mean Square Error 9.658967E-02 Sum of Weights 84.000 
Square Root of MSE 0.3107888 Completion Status Normal Completion 
Ave Abs Pct Error 4.397   
 
Regression Equation Section 
 Regression Standard T-Value  Reject Power 
Independent Coefficient Error to test  Prob H0 at of Test 
Variable b(i) Sb(i) H0:B(i)=0 Level 5%? at 5% 
Intercept 5.7820 0.0798 72.471 0.0000 Yes 1.0000 
over_h 0.5929 0.0737 8.043 0.0000 Yes 1.0000 
sim_rating -0.0314 0.0066 -4.728 0.0000 Yes 0.9966 
trail_qd -0.3944 0.0699 -5.645 0.0000 Yes 0.9999 
 
Analysis of Variance Section 
   Sum of Mean  Prob Power
Source DF R2 Squares Square F-Ratio Level (5%)
Intercept 1  2569.333 2569.333 
Model 3 0.5983 11.50894 3.836315 39.718 0.0000 1.0000
Error 80 0.4017 7.727174 9.658967E-02 
Total(Adjusted) 83 1.0000 19.23612 0.2317605 
 
Normality Tests Section 
Test Test Prob Reject H0 
Name Value Level At Alpha = 20%? 
Shapiro Wilk 0.9777 0.152219 Yes 
Anderson Darling 0.6773 0.076957 Yes 
D'Agostino Skewness 1.1298 0.258567 No 
D'Agostino Kurtosis 0.9525 0.340838 No 
D'Agostino Omnibus 2.1837 0.335597 No 
 
Plots Section 
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For these statistical evaluations to be valid, the data need to be normally distributed. In the case 

of multiple regression, it is the residuals that have to be normally distributed. The normality 

Tests Section of the Report (table 6.5) gives an assessment of the distribution of the residuals. 

NCSS uses five tests to evaluate normality. For each of the tests the null hypothesis is the data 

are normal. For this model, each test result is, no, do not reject normality, i.e. the residuals are 

normally distributed. The statistical inferences are valid—it is appropriate to drop the two 

variables with large p-values, road_dd and trail_lk. 

 

Dropping the two variables yields the final sport model (with three explanatory variables), table 

6.6. A simpler, more compact, model is almost always better, so finding the minimum number of 

variables is good (many variables were already evaluated and dropped to get to the five variable 

model). The reason the five variable model is presented is the three variable model does not have 

a completely normal distribution of residuals (two of the normality tests say, yes, reject 

normality). It is not possible to look at the three variable model by itself and say it is valid, it is 

its evolution from a normal model that establishes its validity (but some of its statistics may be 

closer to the five variable model).  

 

The “Analysis of Variance Section” of the report (table 6.6) gives the significance of the overall 

three variable model. The F-ratio is the significance of R2. The probability of the “F” can be 

thought of as the significance of the overall model (Miles and Shevlin 2001). For the three 

variable sport model the result is: R2= 0.5983 with an associated F-ratio= 39.718. This F-ratio 

and associated degrees of freedom have a Probability Level, to accept the null hypothesis (that 

all the regression coefficients are zero), of p-value≤0.0000. So, do not accept the null hypothesis. 
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Accept that all the coefficients are different from zero. The overall model is statistically 

significant. 

 

The Normality Tests Section and the Plots Section show the results of the normality tests of the 

residuals. For the five variable sport model (table 6.5), the result of all five of the normality tests 

(Shapiro Wilk, etc.) is “no” do not reject the null hypothesis. The null hypothesis is the data are 

normal. The Plots Section gives a visual representation of the distribution of the residuals. The 

two plots show histogram and normal probability plots of the residuals of the dependent variable 

(log of area re-estimated, ln_area_re_est).  

 

With the final, statistically significant model identified, the regression equation can be written. 

For the three variable sport model, the Regression Coefficients (table 6.6) can be assembled into 

the following equation: 

 ln_area_re_est = 5.7820 + 0.5929(over_h) – 0.0314(sim_rating) – 0.3944(trail_qd) 

Or undoing the transformation of area re-estimated, and renaming area_re_est as predicted area 

the equation can be re-written as: 

 Predicted area = e (5.7820 + 0.5929(over_h) – 0.0314(sim_rating) – 0.3944(trail_qd)) 

Using the computer representation of “e”, the equation can be re-written again as: 

           Predicted Area = EXP (5.7820 + 0.5929(over_h) – 0.0314(sim_rating) – 0.3944(trail_qd)) 

This equation can be interpreted as saying there is a base level of impact at sport climbs which is 

modified by the variables. The predicted base level of impact for sport climbs is: 

 Predicted base level of impact = EXP (5.7820) = 324 ft2 
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This base level is modified by the explanatory variables. When there is an overhang, the impact 

area is predicted to increase. When the number of similarly rated climbs at the climb area 

(sim_rating) increases, the area of impact is predicted to decrease. When the trail quality 

(trail_qd) goes from an official, high quality, well marked, Forest Service trail (trail_qd = 0), to a 

user created trail (trail_qd = 1) the area of impact is predicted to decrease. 

 

VIII. Trad Model 

A similar multiple regression analysis was completed looking at just the impacts from the trad 

climbs. Table 6.7 shows the model and statistics for all 151 trad climbs. As covered earlier, the 

left mode of the histogram plot represents the “zero” climbs, the climbs with zero area of impact. 

Table 6.8, the final trad model, is the result when the “zero” climbs are removed and five re-

estimations are done.  

 

The final trad model contains four explanatory variables—overhang of the cliff at the climb 

(over_h), the difficulty rating of the climb (rating), the quality of the climb (S1, S2, S3) and the 

length of the access trail (trail_lk). While the mathematical requirements of regression modeling 

require treating the quality of the climb as three distinct variables, in reality it is one explanatory 

factor. The variables S1, S2 and S3 together represent one factor, climb quality, which needs to 

be moved in or out of the model as a group. The need to treat the variables S1, S2 and S3 as a 

group is why the group is in the model even though one element (S1) does not quite meet the 

usual 5% standard for significance (S1 probability level p=0.0742). 
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Table 6.7. The trad model with the “zero” climbs included. The bimodal distribution of residuals 
indicates two processes may be at work. The left mode represents the “zero” climbs. 

 
 
 
 Multiple Regression Report 
Page/Date/Time 1    3/22/2005 12:55:11 PM 
Database climb impact areas-- trad 
Dependent ln_area_ 
 
Run Summary Section 
Parameter Value Parameter Value 
Dependent Variable ln_area_ Rows Processed 151 
Number Ind. Variables 5 Rows Filtered Out 0 
Weight Variable None Rows with X's Missing 5 
R2 0.1931 Rows with Weight Missing 0 
Adj R2 0.1643 Rows with Y Missing 0 
Coefficient of Variation 0.6404 Rows Used in Estimation 146 
Mean Square Error 4.402034 Sum of Weights 146.000 
Square Root of MSE 2.098103 Completion Status Normal Completion 
Ave Abs Pct Error 50.445   
 
Regression Equation Section 
 Regression Standard T-Value  Reject Power 
Independent Coefficient Error to test  Prob H0 at of Test 
Variable b(i) Sb(i) H0:B(i)=0 Level 5%? at 5% 
Intercept 4.3139 0.5586 7.722 0.0000 Yes 1.0000 
rating -0.2089 0.0575 -3.631 0.0004 Yes 0.9501 
S1 1.2606 0.4994 2.524 0.0127 Yes 0.7077 
S2 2.0566 0.5440 3.780 0.0002 Yes 0.9636 
S3 2.6357 0.6499 4.055 0.0001 Yes 0.9807 
trail_lk -0.2369 0.0852 -2.780 0.0062 Yes 0.7885 
 
Analysis of Variance Section 
   Sum of Mean  Prob Power
Source DF R2 Squares Square F-Ratio Level (5%)
Intercept 1  1566.998 1566.998 
Model 5 0.1931 147.4623 29.49246 6.700 0.0000 0.9975
Error 140 0.8069 616.2849 4.402034 
Total(Adjusted) 145 1.0000 763.7471 5.267221 
 
Normality Tests Section 
Test Test Prob Reject H0 
Name Value Level At Alpha = 20%? 
Shapiro Wilk 0.9207 0.000000 Yes 
Anderson Darling 4.3082 0.000000 Yes 
D'Agostino Skewness -2.5330 0.011309 Yes 
D'Agostino Kurtosis -4.6994 0.000003 Yes 
D'Agostino Omnibus 28.5004 0.000001 Yes 
 
Plots Section 
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Table 6.8. The final trad model with the “zero” climbs removed. Four variables are significant:  
over_h, rating, S1/S2/S3, and trail_lk (overhang, difficulty rating, climb quality, access trail length). 

 
 
 

 Multiple Regression Report 
Page/Date/Time 1    3/22/2005 1:02:55 PM 

 Database          climb impact areas, x-outliers, x-zero, 5th re-estimation--- trad 
Dependent ln_area_re_est_ 
Warning: At least one value was reset to 0.0 because it was less than the machine zero of 1E-16.  
Run Summary Section 
Parameter Value Parameter Value 
Dependent Variable ln_area_re_est_ Rows Processed 113 
Number Ind. Variables 6 Rows Filtered Out 0 
Weight Variable None Rows with X's Missing 4 
R2 0.4168 Rows with Weight Missing 0 
Adj R2 0.3653 Rows with Y Missing 34 
Coefficient of Variation 0.0968 Rows Used in Estimation 75 
Mean Square Error 0.2014052 Sum of Weights 75.000 
Square Root of MSE 0.4487818 Completion Status Normal Completion 
Ave Abs Pct Error 7.579   
 
Regression Equation Section 
 Regression Standard T-Value  Reject Power 
Independent Coefficient Error to test  Prob H0 at of Test 
Variable b(i) Sb(i) H0:B(i)=0 Level 5%? at 5% 
Intercept 4.6492 0.1804 25.770 0.0000 Yes 1.0000 
over_h 0.9424 0.1882 5.008 0.0000 Yes 0.9985 
rating -0.0381 0.0185 -2.062 0.0431 Yes 0.5289 
S1 0.3228 0.1781 1.813 0.0742 No 0.4316 
S2 0.4325 0.1885 2.294 0.0249 Yes 0.6186 
S3 0.5475 0.2194 2.496 0.0150 Yes 0.6915 
trail_lk -0.0554 0.0270 -2.048 0.0444 Yes 0.5236 
 
Analysis of Variance Section 
   Sum of Mean  Prob Power
Source DF R2 Squares Square F-Ratio Level (5%)
Intercept 1  1613.125 1613.125 
Model 6 0.4168 9.78812 1.631353 8.100 0.0000 0.9999
Error 68 0.5832 13.69555 0.2014052 
Total(Adjusted) 74 1.0000 23.48367 0.3173469 
 
Normality Tests Section 
Test Test Prob Reject H0 
Name Value Level At Alpha = 20%? 
Shapiro Wilk 0.9885 0.735771 No 
Anderson Darling 0.3119 0.551125 No 
D'Agostino Skewness -0.2981 0.765614 No 
D'Agostino Kurtosis 0.0042 0.996637 No 
D'Agostino Omnibus 0.0889 0.956528 No 
 
Plots Section 

0.0

6.3

12.5

18.8

25.0

-1.5 -0.8 0.0 0.8 1.5

Histogram of Residuals of ln_area_re_est_

Residuals of ln_area_re_est_

C
ou

nt

-1.5

-0.8

0.0

0.8

1.5

-3.0 -1.5 0.0 1.5 3.0

Normal Probability Plot of Residuals of ln_area_re_es

Expected Normals

R
es

id
ua

ls
 o

f l
n_

ar
ea

_r
e_

es
t_

 

 



 140

The residuals from the trad model are normal. The overall trad model is significant with F=8.1, 

giving p≤0.0000. 

 

IX. Summary of Regression Models 

 The results of the sport and trad modeling are summarized in tables of probability values of the 

independent variables (table 6.9) and regression coefficients of the independent variables (table 

6.10). In addition to showing the p-values of the variables used in the final models, table 6.9 

shows the p-values for the variables that were considered and rejected. For example, for sport 

climbs, the difficulty rating is not an important predictor of area of impact, p = 0.2. For trad 

climbs presence or absence of a map of the area in the guide book (map) is not important, p = 

0.1. But “map” is close to significant—some researchers use 90% as the cutoff, in which case 

map would be significant. 

 

What does not show in the probability value table is the model results when the sport and trad 

climbs are considered together. When the data for the two types of climbs (sport and trad) are 

combined, the variable “type” can be considered. The regression model shows the variable type 

is significant with p≤0.0000. This is the mathematical justification for considering the two types 

of climbing in separate models. There is also ample theoretical basis for considering the two 

types of climbing in separate models; e.g. the differences in accessibility of the two branches of 

the sport, or the fact that most climb areas are overwhelmingly focused on one type of climbing 

or the other. 
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The regression coefficient table (table 6.10) lists the coefficients for the final sport and trad 

models and writes out the two prediction equations. 

 

The regression model results can be further summarized in the Predictors of Impact table (table 

6.11). The table highlights the results by grouping the variables into a group that is important and 

a group that is not important. Within the groups the variables are further categorized as variables 

related to the climb it’s self, variables related to access to the climb and variables related to the 

physical environment at the base of the climb. 

 

While the table is labeled “Predictors of Impact” the model is really identifying correlations. 

Controlled experiments were not done, so causation is not established. For example, consider the 

independent variable trail quality (trail_qd). It is a significant explanatory variable in predicting 

sport area of impact. The coefficient is negative. In other words, when the trail switches from a, 

high quality, Forest Service trail (trail_qd = 0) to a lower quality user created trail (trail_qd = 1) 

the area of impact goes down. Is it because higher quality trails lead to more impact? Probably 

not in this case. The trails to the high impact sport areas Military Wall and Left Flank were 

upgraded from user created trails to Forest Service trails after, and because, the areas were 

popular. 

 

X. “Zero” Climbs 

Twenty five percent of the trad climbs in the study had no apparent area of impact on the ground 

(table 6.12 and appendix IV: impact area summary). The residual analysis part of the trad 

regression model found these climbs most likely represent a different process at work than the 
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Table 6.9. Statistical significance of hypothesized variables in multiple regression models of 
sport and trad climbing impact. 
 

Multiple Regression Summary 
Probability Values (p value) of Independent Variables 

 
Dependent Variable: natural log transform of area re-estimated (ln_area_re_est) 
 
Independent Variable  Sport Climbs Trad Climbs 
number of climbs in model (N)  84 75 
    
P-values    
Intercept of regression equation intercept 0.0000 0.0000 
Rating (climb difficulty) rating 0.2 0.0400 
Rating squared rating**2 0.3 0.8 

Type of climb (sport, trad) type N/A N/A 

One star quality (yes, no) S1 0.8 0.0700 

Two star quality (yes, no) S2 0.9 0.0200 
Three star quality (yes, no) S3 0.9 0.0200 
Map in guidebook (yes, no) map N/A 0.1 

Photo in guidebook (yes, no) photo 0.6 0.9 

Road distance from expressway road_dd 0.1 0.5 

Trail length (parking lot to area) trail_lk 0.3 0.0400 
Trail quality (system, user) trail_qd 0.0000 0.1 
Similar climbs at area (number) sim rating 0.0000 0.9 

Overhang cliff face (yes, no) over_h 0.0000 0.0000 

    
Statistics    
R-squared  0.6 0.4 
F-ratio: model  39.7 8.1 
Probability level: model  0.0000 0.0000 
Shapiro Wilk reject normal  yes* no 
Anderson Darling reject normal  yes* no 
D’Agostino Skewness reject  no no 
D’Agostino Kurtosis reject  no no 
D’Agostino Omnibus reject  no no 

Notes:  
* When “road_dd” and “trail_lk” are included in the sport model, the normality tests indicate “no”, 
do not reject normality. But, road_dd and trail_lk are not significant so are not included in the final 
model (when they are not included, “yes” reject normal, as shown, is the result). 
- When sport and trad climbs are combined, the variable “type” is significant at p≤0.0000 
- The variable “map” is not evaluated for sport climbs, all sport climbs had maps 
- Outliers, including climbs with zero impact area, have been removed from the model 
- Data base for model: “climb impact areas, x-outliers, x-zero, 5th re_estimation.xls” 
- The “p-values” are rounded to one significant figure (but, when significant, shown to four 
decimal places) 
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Table 6.10. Coefficients of multiple regression model to predict area of impact at sport and trad 
climbs, in table and equation form. 
 

Multiple Regression Summary 
Regression Coefficients of Independent Variables 

 
 
Dependent Variable: natural log transform of area re-estimated (ln_area_re_est) 
 
Independent Variable  Sport Climbs Trad Climbs 
    
Intercept of regression equation intercept 5.78 4.65 
Rating (climb difficulty) rating  -0.038 
Rating squared rating**2   

Type of climb (sport, trad) type   

One star quality (yes, no) S1  0.32 
Two star quality (yes, no) S2  0.43 
Three star quality (yes, no) S3  0.55 
Map in guidebook (yes, no) map   

Photo in guidebook (yes, no) photo   

Road distance from expressway road_dd   

Trail length (parking lot to area) trail_lk  -0.055 
Trail quality (system, user) trail_qd -0.39  
Similar climbs at area (number) sim rating -0.031  

Overhang cliff face (yes, no) over_h 0.59 0.94 

 
 
 
Regression Equations 
 
Sport:  
Predicted area = EXP (5.78 -0.39(trail_qd) -0.031(sim rating) +0.59(over_h) ) 
 
 
Trad: 
Predicted area = EXP (4.65 -0.038(rating) +0.32(S1) +0.43(S2) +0.55(S3) – 
                                     0.055(trail_lk) +0.94(over_h) ) 
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Table 6.11 Summary of the important and not important variables which predict area of impact 
at the base of sport and trad climbs. 
 

 
Predictors of Impact 

  Sport Climbs Trad Climbs 
the climb type of climb 

similar climbs in area (-) 
type of climb 
difficulty rating (-) 
quality stars (+) 

access trail quality (-) trail length (-) 
 

Im
po

rt
an

t 

environment overhanging cliff (+) overhanging cliff (+) 
 

the climb difficulty rating 
quality stars , photo 

similar climbs in area 
map, photo  

access trail length 
road distance to area 

trail quality 
road distance to area N

ot
 

Im
po

rt
an

t 

environment   
 

  Important factors significant with p≤ 0.04 
  (+) or (-) indicates the direction of the relationship 
  e.g. for sport climbs, more “similar climbs in area” predicts less impact 
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remainder of the trad climbs (table 6.7). There is something about these climbs or their setting 

that keeps use low enough, or promotes no use, that there is no persistent impact on the ground. 

These climbs were excluded from the building of the trad model. This research did not identify 

the explanatory variables for these “zero” climbs (Are the “zeros” just really awful climbs? It 

doesn’t take much to establish a trad climb—climb it once and submit it to a guidebook. Sport 

climbs, on the other hand, require a lot of planning, effort and cost in installing the bolts, and, in 

RRGGA, getting approval from the Forest Service. Since it is harder to establish a sport climb, 

maybe they are better on average so will have fewer “zeros”. And, on average sport climbs have 

more quality stars than trad climbs.) 

 

Since the “zero” climbs were excluded from the trad model, the trad model will likely predict 

impact in cases where the prediction should be zero (maybe 25% of the time). The area predicted 

for trad climbs may be larger than reality by this amount. 

 

XI. Area of Impact of the Climbs in the Study 

The regression equations in table 6.10 can be used for one last re-estimation of the area of impact 

at the 241 climbs in the study. This is the sixth re-estimation. This re-estimation uses the power 

of the regression model to determine the contributions of individual climbs to the many impact 

areas which result from multiple climbs.  

 

The Impact Area Summary (appendix IV) lists the impact areas for all 241 climbs, based on the 

sixth re-estimation. The climbs are separated into sport and trad groups and sorted by area of 

impact. A climb at the popular Military Wall climb area is the maximum impact sport climb and 
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maximum impact climb overall. The climb is “Another Doug Reed Route (s)”, 5.11b** (a climb 

with a 5.11b difficulty rating and two quality stars), with impact area estimated as 648 ft2. The 

maximum impact trad climb is “Icarus”, 5.9*, at Sky Bridge Ridge- west climb area, at 360 ft2.  

 

This apportioning of impact among groups of climbs does not consider “zero” climbs. “Zero” 

climbs, climbs with zero area of impact, were excluded from the regression model for trad 

climbs as representing a different population with unknown causes. The implication of excluding 

the “zero” climbs is the trad model will not predict zero impact areas; it will treat all trad climbs 

as having the potential for impact. So,  when apportioning area, some trad climbs will be 

assigned an area, and sport and other trad climbs will get less area than appropriate (so if any 

thing, the estimated trad area of impact is larger than actual). 

 

The impact areas for sport and trad climbs are presented in histogram form in figure 6.6.  

The histogram bin -100 to 0 represents the zero area of impact climbs. There are 38 zero impact 

trad climbs and just two zero impact sport climbs. 

 

The results are summarized in table 6.12, area of impact by type of climb.  



 147

 

0

10

20

30

40

50

-100 0 100 200 300 400 500 600 700

Sport Climb Impact Area
(N=88)

impact area (sq ft)

co
un

t

 
 

0

10

20

30

40

50

-100 0 100 200 300 400 500 600 700

Trad Climb Impact Area
(N=138)

impact area (sq ft)

co
un

t

 
 
Figure 6.6. Histograms of impact areas for sport climbs and traditional climbs in RRGGA. The 
measured climbsite areas were apportioned to individual climbs based on the multiple regression 
models. The histogram bin from -100 to 0 contains the two sport and thirty-eight trad climbs 
with zero area of impact. There are almost no low impact, but many high impact, sport climbs. 
The opposite is true of trad climbs. 
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Table 6.12. Summary of measured area of impact by type of climb (sport, trad). Sport climbs in 
RRGGA have nearly twice the total area of impact as trad climbs. Sport climbs on average have 
three times as much impact as trad climbs. Listing a climb in the guide book does not imply it 
will have impact— twenty-five percent of the measured trad climbs had no impact (and the 
percent would have been higher if more of the low to no impact areas had been measured).  
 

 Sport climbs Trad Climbs 

number of climbs in study 90 151 

number of climbs with unknown 
impact and aid climbs 

  2   13 

total area of impact 25,000 ft2 13,000 ft2 

average area of impact* 280 ft2 94 ft2 

number of climbs with no impact 
           (the “zero” climbs) 

     2 
              (2%) 

   38 
                 (25%) 

                *note: the average does not include climbs of unknown impact or aid climbs 
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XII. Sport Climb Areas—Trad Climb Areas 

Climb areas are frequently considered a sport area or a trad area. One way to make this 

assessment is to look at the percentage of sport climbs at the area. On this basis, most of the 

sixteen climb areas in the study sort themselves out into sport areas and trad areas. Just a couple 

of areas could be considered mixed: Funk Rock City and Sky Bridge Ridge-east with 53% and 

57% sport climbing respectively (see table 6.13).  

 

The impact areas estimated from the regression models give us another way to look at the 

predominant use of a climb area. Considering the percent area of impact due to sport climbs 

makes the split between sport areas and trad areas even clearer. By this measure Funk Rock City 

and Sky Bridge Ridge-East clearly move into the sport group. Military Wall is even more clearly 

a sport area by this measure. Six areas are overwhelmingly sport, ten areas are completely or 

overwhelmingly trad. 

 

XIII. Climbs Not Measured—Estimated Area of Impact 

Not all the climbs in the Red Rive Gorge Geologic Area were measured as part of this study. The 

regression models can be used to estimate the impact at the non-measured climbs and climb 

areas. 

 

The impact was measured at all the climb areas expected to have high, medium and low climbing 

impact (table 5.3). The impact at a sample of climb areas expected to have little or no impact was 

also measured. Between climbs at areas not measured and climbs not found, 163 climbs in 

RRGGA were not measured (with 241 climbs measured, at sixteen climb areas).  
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Table 6.13. Climb area focus: sport vs. trad. Is the climb area primarily a sport area or primarily 
a trad area? The number of climbs of each type is one way to characterize the area; an alternate 
way is to consider the use pattern as evidenced by the area of impact at the base of the climbs. 
By this measure, areas like FRC and SBE which are closely balanced between numbers of sport 
and trad climbs are found to be predominantly sport areas. 
 
 

crag name crag 
 # 

sport
# 

trad
# climbs 

%sport
impact 

area sport
impact 

area trad 
impact area

% sport
Tower Rock TR 0 26 0% 0 2870 0%
Lower Small Wall LSW 0 21 0% 0 1851 0%
Duncan Rock DR 0 5 0% 0 734 0%
Eagle Point Buttress EPB 0 10 0% 0 600 0%
D. Boone Hut Crag DBH 0 4 0% 0 599 0%
Wall of Denial WD 3 18 14% 0 449 0%
Jewel Pinnacle JP 0 3 0% 0 477 0%
Princess Arch PA 0 7 0% 0 422 0%
Tunnel Wall TW 0 3 0% 0 237 0%
Sky Bridge Ridge- west SBW 1 10 9% 236 888 21%
   
Gray's Wall GW 1 0 100% 135 0 100%
Camp Store Crag CSC 2 0 100% 525 0 100%
Funk Rock City FRC 16 14 53% 2645 786 77%
Sky Bridge Ridge- east SBE 17 13 57% 4037 1344 75%
Left Flank LF 18 2 90% 6770 233 97%
Military Wall MW 32 15 68% 10203 1506 87%
 total 90 151  
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The regression models (table 6.10) for sport climbs and trad climbs were used to estimate the 

impact at the 163 climbs not measured. The table “climbs not measured-- predicted area of 

impact”, appendix V, lists the area, climb name, climb parameters, and predicted area of impact 

for the climbs not measured. The climb parameters were obtained from the guide book 

(Bronaugh 1998) in the case of rating, sim rating, climb type and climb quality. Trail length and 

trail quality were from the map of the RRGGA (DBNF trail map 1998). In some cases, the 

variable overhang (over_h) was difficult to estimate. If the guide book had a map, the map 

indicated the presence of an overhang. For climbs not shown on a map in the guide book, 

overhang status was estimated based on the description of the climb. For example, the climb at 

Tunnel Wall, Black Death, is described in the guide book (Bronaugh 1998:22) as, “This route 

goes up and out the enormous … overhang”. Black Death is listed with an overhang. Under the 

assumption that overhangs are a particularly significant feature in describing a climb’s character, 

when overhang was not mentioned in the climb description, overhang was assumed not to be 

present. It should also be remembered that the trad model does not predict the presence of zero 

impact climbs. 

 

The estimated impact areas at the individual climbs were summed for each climb area. The 

results are plotted in figure 6.7. Comparing the graphs of measured area of impact (figure 6.1) to 

the estimated area of impact (figure 6.7) validates the initial assumption that the non-measured 

climb areas have little or no impact. 
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Figure 6.7. The lower graph is the estimated impact at twenty-six areas in RRGGA that were not 
measured. Two areas were not estimated, Sky Bridge (it was only mentioned in the guide book 
for historical reasons) and Rock Bridge (no climbs are listed in the guidebook). For comparison 
purposes, the upper graph repeats figure 6.1 the measured area of impact at the base of the cliffs.
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XIV. Climbing Impact in RRGGA 

The overall impact on the ground, from climbing, can be calculated for the RRGGA. The overall 

impact can be compared using two measures for the gorge, area of ground and length of cliffline. 

Previous sections compared the concentrated impact at campsites and climbsites. This section 

will look at the climbing impact relative to the whole study area—the Red River Gorge 

Geological Area (RRGGA).  

 

Climbing impacts the ground in the concentrated use area at the base of the climbs—the 

climbsites. Climbing also impacts the ground at the access trails (Figure 5.1). The access trails 

may be along the base of the cliff, between climbsites. Additionally, there may be an access trail 

from the parking area up to the cliff base. Table 6.14, summary of impact area and width, gives 

the area of impact for the sixteen measured climb areas; climbsites, cliff base trail, and approach 

trail. The areas are summed to give 42,840 ft2 for area of climbsites, 20,428 ft2 for area of cliff 

base trails and 27,854 ft2 for approach trails. (The approach trail, when present, was assumed to 

be two feet wide.) 

 

The width of climbsites along the base of the cliff was totaled for each of the sixteen climb areas 

(e.g. for Left Flank from figure 5.10). The total for the sixteen areas, 96 climbsites, is 3,603 ft 

(table 6.15). For the 201 climbs with some impact at the cliff base (241 total climbs minus the 40 

zero climbs), this represents a cliff base impact of about 18 feet per climb. (The width of the 

impact on the rock face, the vertical trails, will be much less than the 18 foot/climb of base 

impact.) 
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Table 6.14. Summary of impact area measured at climbsites, cliff base trails and approach trails; and width of impact at the base of 
the cliff at climbsites (sixteen areas, 241 climbs, 96 climbsites) 
 
 

  

area of 
climbsites 
at base of 

cliff (ft2) 

area of 
cliff base 
trail (ft2)

length of 
approach 

trail (ft)

area of 
approach 

trail (ft2)  

width of 
climbsites 

(ft)   notes (assume approach trail width is 2ft) 
Tunnel Wall 237 440 221 442  29   
Gray's Wall 135 0 350 700  15   
Military Wall 11709 2130 1961 3922  681   
Left Flank 7003 1340 1690 3380  393   
Duncan Rock 734 394 0 0  63  approach trail is a bushwhack, no impact 
Jewel Pinnacle 477 30 0 0  55  approach trail is a bushwhack, no impact 
Tower Rock 2870 2160 2134 4268  294  combined hike and climb impact 
Lower Small Wall 1851 3881 910 1820  294   
Eagle Point Buttress 600 939 0 0  134  approach trail used by rapellers and partiers 
Wall of Denial 5587 1328 538 1076  409  combined camping and climb impact 
Sky Bridge Ridge- west 1124 1578 738 1476  267   
Sky Bridge Ridge- east 5381 2896 800 1600  423   
Funk Rock City 3586 3014 4585 9170  370   
Camp Store Crag 525 0 0 0  31  approach trail is a bushwhack, no impact 
Princess Arch 422 298 0 0  50  trail used by rapellers and party campers 
D. Boone Hut Crag 599 0 0 0  95  climb area just off system trail 
          
totals 42,840 20,428  27,854  3,603   
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Table 6.15. Overall impact from climbing in RRGGA represented as area of ground and length of cliffline impacted. The values are 
based on the measurements in the field, and for climbs not measured, based on estimates from the multiple regression model. The area 
of trails and width along the cliff, for the areas not measured, was estimated based on a ratio of climbsite areas for the measured 
climbs and climbsite areas for the modeled climbs, times the measured value. 
 
 
 

  
number 
of crags

number 
of 

climbs  

area of 
climbsites 
at base of 

cliff (ft2) 

area of 
cliff base 
trail (ft2)

area of 
approach 

trail (ft2)  

width of 
climbsites 

(ft)  
          
measured results 16 241  42,840 20,428 27,854  3,603  
          
results estimated with model 33 163  15,108 7,027 9,838  1,271  
          
          
TOTAL  404  57,948 27,455 37,692  4,874  
          (acre)    1.3 0.6 0.9  0.9 miles 
          

          
    area of ground   length of cliffline 
        
TOTAL climb impact    2.8 acre   0.9 miles 
          
Area and length in RRGGA    29,000 acre   254 miles cliffline 
          
Impacted percent    0.01%    0.4%  
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Based on a GIS analysis, the Forest Service estimates there are 254 miles of cliffline in the 

RRGGA (Lund 2005). The 2004 Forest Plan for the Daniel Boone National Forest defines 

cliffline as “naturally occurring, exposed and nearly vertical rock structure at least 10 feet tall 

and 100 feet long” (DBNF forest plan, 2004: A3-5). 

 

A total of 163 climbs were not measured in the study area. The impact model was used to predict 

the area of climbsite impacts for the climbs not measured. The model does not predict area of 

impact for access trails (cliff base or approach trails) but an estimate can be made by using ratios 

based on the measured results. For example, for the sixteen measured climb areas, it can be 

calculated that the area of cliff base trail is 0.48 times the area of climbsites (20,428/42,840= 

0.48). This ratio can be used to estimate the area of cliff base trails for the non-measured areas, 

based on their estimated area of climbsites. Table 6.15 summarizes the results for the 241 

measured climbs and the 163 climbs estimated using the model. (Similarly the area of approach 

trail and width of climbsites was estimated). The 163 climbs were at thirty-three climb areas—

some of the climbs were at areas not measured at all, some of the climbs were at areas where a 

few climbs were missed. 

 

The ground impacted due to climbing (table 6.15) is estimated to be 2.8 acre, out of the total area 

of 29,000 acres. This is 0.01%. The length of cliffline base impacted by climbing is estimated to 

be 0.9 miles out of a total of 254 miles. This is 0.4%. 

 

Some climb areas will have additional impact from other users—e.g. rappellers at Half Moon or 

party campers at Moonshine Wall. In addition, the estimated impacts from climbing may be 
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somewhat larger than reality because the model for traditional climbs gives an impact area 

estimate for all climbs—the model does not account for the 25% of trad climbs which may have 

zero area of impact. 
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Chapter 7—Conclusions and Implications 
 
 
 

I. Thesis Objectives 

I had three objectives when I began this study. The first was to develop procedures to 

quantify the environmental impact of rock climbing. The procedures were to be an 

extension of the procedures used to measure camping impacts. The second objective was 

to measure the impact of rock climbing in the Red River Gorge Geological Area. The 

results were intended to be used both for this study and for the Limits of Acceptable 

Change process in the RRGGA. The final objective was to use the data to develop a 

model of rock climb impact that would uncover the factors that are important in 

determining the level of impact and which can be used to predict the impact at future 

climbs and climb areas. 

 

II. Key Accomplishments 

This study met the three original objectives, and also led to three other findings. The six 

key accomplishments are: 

a. Manual of Procedures to Measure Climb Impact 

Procedures for measuring camping impact (Marion 1991) were adapted to measure 

climbing impact. To insure consistency in measurement, the procedures were compiled in 

a manual: Appendix I. The manual specifies how to determine the boundaries of the 

climbing impact, using descriptions and photographs. The manual also specifies how to 

measure the area of the impact and the categories for the other parameters, such as 
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percentage of exposed mineral soil, tree damage and amount of trash. The manual 

includes a model data sheet to record the results.  

 

The procedures, especially the area measurement step, are efficient enough that only one 

person is needed to collect the data. On average, it takes about a half day to measure one 

climb area (this includes driving to the area, hiking in, locating the climbs, collecting the 

data and returning to the vehicle). 

 

b. Measurement of 241 Climbs 

Measurements were made at 96 climbsites, encompassing 241 climbs at 16 climb areas in 

RRGGA, appendix II. The original assumption was the Limits of Acceptable Change 

(LAC) area would be the RRGGA so the study area for this work was defined as the 

RRGGA. Although the final LAC area was expanded to include the adjacent Indian 

Creek area, the study area for this project remained the RRGGA. Because the final 

objective of this study was to model climbing impact, measurements were limited to 

climb areas where climbing was expected to be the predominant use. Of those areas, all 

expected to have high, medium and low impact were measured. A sample of areas 

expected to have little or no impact was included. 

 

c. Map of a Typical Climb Area 

Based on the measurements of climb impact, the spatial pattern of a climb area emerged, 

as shown in figure 5.1. It became apparent from the field measurements that climbing 

impact is not spread out uniformly along the cliff. It became apparent that the impact was 
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concentrated in a pattern of nodes and lines. The nodes are the intensely impacted areas 

that form at the base of many (but not all) climbs. The nodes form in much the same way 

as campsites, so are called climbsites. Between these nodes are lines of impact, the cliff 

base trails and the approach trails.  

 

d. Signature of a Climbsite 

A campsite and a climbsite form in much the same way-- by trampling concentrated in a 

specific place over an extended period of time. However the details of the impact differ. 

The differences can be assembled into signatures. Figure 6.4 is a comparison of the 

signatures for campsite and climbsite. The signature is based on differences in tree root 

exposure, tree stumps, site size, tree damage and number of fire sites. Campsites have 

more impact than climbsites for every measure. The signature difference can be used to 

help determine if the impact in an area is caused by climbing, camping or a combination 

of the two, which allows improvement efforts to focus on the appropriate user group. 

 

e. Model to Predict Climb Impact 

Multiple regression models were developed to predict the area of impact at the base of 

the climbs. Based on differences between sport and trad impacts uncovered using the 

combined model, separate models were developed for sport and trad. Predictive factors 

were tested for significance with the models. It was found that, for example, climb 

difficulty is an important factor in predicting impact at the base of traditional climbs but 

it was not a factor for sport climbs (table 6.11). As trad climbs get harder, the impact 
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decreases. On the other hand, all else being equal, difficult sport climbs have the same 

impact as easy sport climbs.  

 

Since the impacts from multiple climbs frequently blend together into one climbsite, it is 

frequently not possible to determine the impact from a particular climb based solely on 

measurements at that climbsite. The multiple regression equations, which incorporate 

measurements from all climbs in the study area, can separate the impacts from individual 

climbs.  

 

f. Quantification of Impact—by Type and Overall 

The measurements in this study were used to quantify the impacts of the different types 

of climbing and of climbing on the overall RRGGA. The two key quantification findings 

are: first, the two types of climbing, sport and traditional, have very different impact 

patterns; and, second, climbing directly affects just a small percentage of the overall 

RRGGA. 

 

In total, sport climbs have nearly twice the area of impact as do traditional climbs, and 

individual sport climbs have three times as much impact as individual traditional climbs 

(table 6.12). The two types of climbing also differ with regard to the factors which 

determine impact (table 6.11). The predictive factors are almost completely different. 

 

Overall, climbing directly impacts just 0.01% of the area of the RRGGA (table 6.15). 

This area of impact includes climbsites, cliff base trails and approach trails. The area also 
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includes impacts at climb areas in RRGGA which were not measured. This area was 

estimated using the model.  

 

Since sport and traditional rock climbing are cliffline dependent and since clifflines are a 

special management area in the RRGGA (DBNF Forest Plan 2004: 3-5), climb impact 

also was considered as a percent of total cliffline length. Based on the sum of the length 

of cliffline contacted by the climbsites (both measured and modeled) it was estimated that 

climbing impacts 0.4% of the base of the 254 miles of cliffline in the RRGGA (table 

6.15). (The impact to the cliff will be an even smaller percent of the 254 miles of cliff 

line because the vertical trails which represent climbs are, undoubtedly, narrower than the 

climbsites.) 

 

III. Implications 

Due to the larger total impact and larger per capita impact, management actions should be 

focused predominantly on sport climbs. This conclusion supports a requirement in the 

Forest Plan (DBNF Forest Plan 2004:3-7) that new sport routes require prior 

authorization. The conclusion supports the designation of the approach trails to the two 

most impacted sport areas (Military Wall and Left Flank, figure 6.1 and table 6.13) as 

official Forest Service trails. 

 

The Military Wall climb area has been used as an example of climbing impact in the 

RRGGA. While it is the most impacted climb area (figure 6.1), it is not representative of 

the 43 other climb areas in the RRGGA (figure 6.7). Military Wall, by itself, gives an 



 163

inaccurate impression of climbing in RRGGA. That said, Military Wall is heavily 

impacted. Possibly Military Wall should be intensely managed more like other icon sites 

in the RRGGA, such as Sky Bridge Arch. 

 

Listing a climb in a guide doesn’t necessarily mean there will be climb impact. This study 

found that 25% of trad climbs have no impact (table 6.12)—and that there is a wide range 

of impacts at climbs which do have impact (appendix IV). 

 

Climb areas have almost no avoidable impact, such as tree damage or trash (very 

different from campsites). Rather, the impacts at climbsites are generally unavoidable—

trampling and erosion. Thus, improvement efforts at climb areas may have to focus more 

on site hardening and actions to spatially concentrate climbing activities, and less on 

climber education. 

 

The impact signature of a climbsite (figure 6.4) can be used to distinguish between 

climbing and camping impacts, which allows improvement efforts to be focused on the 

user group most likely to have caused the impact. 

 

The model developed in this study to predict climb impacts can be a useful tool for the 

Forest Service in managing the forest. The model can be used to predict the impact at 

areas not yet measured so priorities for future monitoring can be set (appendix V). The 

model also can be used to predict the impact at proposed climbs as part of the new route 

approval process (table 6.10). 
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IV. Limitations of Findings 

The model has not been verified. Red River Gorge is a world class climbing destination-- 

the area is known for its very difficult routes and so draws many strong climbers from 

around the world. The impact model may reflect this by predicting more impact at hard 

sport climbs than would be present at climb areas in other parts of the country. This 

predictive model was developed in just this one ecosystem—Appalachian cove forest. 

The model or its coefficients may be different, at say, a desert climb area. The model did 

not consider the other branches of the sport—bouldering, top rope climbing or aid 

climbing. The model also did not consider another group who use the cliffs—rappellers. 

And, finally, the model was not able to explain the “zero” climbs—those traditional 

climbs which did not have any impact.  

 

In addition, only direct environmental impacts were studied. The large number of 

climbers attracted to the area may have indirect impacts. Climbers may affect wildlife on 

the cliffs and in the forest. Climbers affect the environment when they drive to the cliffs, 

camp, and hike. 

 

V. Research Follow-up 

Follow-up from this research falls into three broad categories, plus a miscellaneous 

group. In addition to these follow-ups related to the natural environment of a climb area, 

there is the opportunity to use social science methods to explain the differences between 
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sport climbers and trad climbers which lead to the vast differences in impact at sport 

climbs and trad climbs. 

 

a. Validate the Model 

The model to predict climb impact was developed using data from the RRGGA. 

Immediately adjacent to the RRGGA is the area Bronaugh calls the “Lower Gorge”, 

figure 1.3. This area contains an additional 27 climb areas with 249 climbs (Bronaugh 

1998). The model could be validated by comparing measurements of the impact at the 

climbs in the Lower Gorge to predictions from the model. (The Lower Gorge is called the 

Indian Creek area in the LAC process). 

 

The concept of a predictive model, if not the coefficients, can be tested in other 

ecosystems, like deserts, and at other climb areas of lesser stature, e.g. locally popular vs. 

world class areas. 

 

b. Impacts on the Cliff 

The ground at the base of a climb is typically intensely impacted, much like the pattern of 

impact at a campsite. Is the impact on the cliff more like a vertical trail (Starkman 2003)? 

Does the impact follow a relatively narrow path dictated by the placement of protection 

(figure 4.1 and 4.3)—that is, is only a small portion of the cliff impacted by climbing? 

The paths climbers follow up the cliff are generally devoid of vegetation. Is this because 

climbers trample the vegetation, in much the same way hikers trample the vegetation on a 
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trail? Or, are climbers drawn to areas of cliff that are naturally devoid of vegetation 

(Kuntz and Larson 2006)? 

 

c. Test Strategies to Reduce Impact 

Site hardening may be the best strategy to reduce climbing impacts. There is already very 

little avoidable impact at climb areas, so the opportunities for improvement by education 

are limited. Unsustainable trails or campsites are frequently considered for closure and 

relocation. Unfortunately climb impacts at the base of the cliffs are associated with the 

fixed location of climbs, and thus cannot be relocated. Climb areas are destination points 

like scenic overlooks or natural arches. The best strategy is probably site management. 

Strategies to harden the site and contain the impact to the smallest possible footprint 

should be evaluated (Marion and Farrell 1993). The access trail to the climb area and 

some cliff base trails can be relocated so more design options are available (Parker 2004). 

Some climber-created access trails have been made official Forest Service trails. The 

effectiveness of this change should be evaluated and considered for expansion to the 

access trails at other high use climb areas. 

 

d. Additional Follow-up: Zero Climbs, Bouldering, Procedures 

What distinguishes climbs that have no impact—the “zero” climbs? Why are at least 25% 

of trad climbs zeros, while almost no sport climbs lack impact? Does the ease of 

establishing a trad climb mean a high percentage may be of low quality? Are some trad 

climbs of such low quality that the guidebook author could have awarded them negative 

quality stars (and then the model would have better predictive ability)? Are there 
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essentially no zero sport climbs because the skill, effort and cost (and approval) needed to 

establish a sport climb mean only the best spots will be equipped as sport climbs? 

 

Bouldering is the hot new branch of climbing (Access Fund 2004). Bouldering (climbing 

close to the ground, without a rope) has seen a surge of activity in many areas—it is a 

very accessible branch of climbing, requiring very little equipment. Bouldering has a 

small presence in the Red River Gorge area (Redmond 2000). The impacts from 

bouldering should be monitored. 

 

Future climb impact measurements should include the amount of overhang. Overhang is 

the distance from the base of the cliff to the drip line. The advantages and disadvantages 

of climbsite area measurement by geometric figure vs. radial transect (figure 5.5 and 5.6) 

should be evaluated. The geometric figure method is faster and can be done by one 

person, the radial transect method gives impact shape in addition to impact area. Shape 

measurement makes it easier to track changes in impact over time. 

 

VI. Conclusion 

This study developed a manual of procedures to quantify the environmental impacts of 

rock climbing, generated measurement and other data regarding impacts of rock climbing 

in RRGGA and developed a model of rock climb impact. The study also resulted in 

findings relevant to future forest management efforts, and identifies relevant areas for 

research follow-up. 
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 Rock Climb Monitoring Manual 
 Red River Gorge, Kentucky1,2 
 (version 4/11/2004c) 
 

DESCRIPTION OF PROCEDURES 
 

  
For the purposes of this manual, rock climb areas are defined as backcountry areas of disturbed 
vegetation, or soils caused by rock climbing. This manual focuses on the staging and belaying areas at the 
base of climbs (the approach trail, cliff face, ledges or the top of the cliff are not covered by this 
procedure). The climb names and climb area designations will follow Bronaugh (1998), Red River Gorge 
Climbs, Second Edition. 
 
Monitoring measurements should be taken near the middle or end of the visitor use season but before leaf 
fall.  Site conditions generally recover during the fall/winter/spring periods of lower visitation and reflect 
rapid impact during early season use. Site conditions are more stable during the mid- to late-use season 
and reflect the resource impacts of that year’s visitation. Subsequent assessments should be completed as 
close in timing to the original year’s measures as possible.  Generally monitoring should be replicated at 
3-5 year intervals, unless conditions are changing rapidly.   
 
 
 Materials  
 (Check before leaving for the field) 
 

 Topographic maps (1/24,000) or the DBNF map, Red River Gorge Geological Area. 
 Measuring Wheel 
 Tape measure (50 ft) 
 Blank field forms (some on waterproof paper), pencils 
 Bronaugh guide book3 
 Copies of crag maps from Bronaugh 
 Camera 
 GPS and spare batteries 
 Clipboard 
 Rain suit, water, bug spray 
 Monitoring manual 

 
 
 
1 – This procedure is adapted from a campsite monitoring procedure developed by Dr. Jeff Marion, USGS Patuxent 
Wildlife Research Center, Cooperative Park Studies Unit, Virginia Tech/Department of Forestry, Blacksburg, VA 
24061-0324, phone 540/231-6603, email: jmarion@vt.edu. 
 
2 - Photographs illustrating campsite boundaries, boundary flag placement, vegetative ground cover classes, soil 
exposure, tree damage, and root exposure are part of the campsite manual.  High quality reproductions of those 
photographs, some of which are in color, may be found in: Marion, Jeffrey L.  (1991) Developing a natural resource 
inventory and monitoring program for visitor impacts on recreation sites: A procedural manual.  USDI, National 
Park Service, Natural Resources Report NPS/NRVT/NRR-91/06, pages 46-51: photos attached 
 
3- Bronaugh, John (1998) Red River Gorge Climbs, Second Edition, Lexington, Ky. Geezer Press.
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I. General Area Information 
 
  1) Crag Name: For each climb area, use the name given in Bronaugh. 
 
  2) Inventoried by:  Identify the field personnel involved in data collection 
 
  3) Date:  Month, day, and year the climb area was evaluated 
 
  4) Start time/ End time: Record the time of arrival at the parking area and the departure time from the 

parking area. 
 
  5) Overall Comments:  An informal list of comments concerning the climb area or procedure:  note any 

assessments that you felt were particularly difficult or subjective, problems with monitoring 
procedures or their application to this particular area and suggestions for clarifying monitoring 
procedures.  

 
II. General Area Information 

 
 6) Number of Parking Spaces at Trailhead: An approximation of the number of automobiles that 

would fit in the parking area closest to the trailhead. If there is other close parking areas note the 
distance and size. If other crags share the parking area or hiking trails, note that. 

 
 7) Quality of Access Trail: An estimate of the ease of finding, following and traversing the access trail. 
A Forest Service system trail is defined as the highest quality. 
   Access trail quality  1- Forest Service system trail 
       2- well-worn social trail 
       3- social trail with some difficult areas 
       4- barely acceptable social trail 
       5- a bushwhack, no apparent trail 
 
7B) Length of Access Trail: Use the measuring wheel to measure the length from the parking area to the 
cliff face. When measuring the impact along the cliff face, and you come to the location where the access 
trail intersects the cliff face, note the wheel distance on the data sheet. 
 
 8-9) GPS Coordinates: The coordinates of a point at the left and right ends of the climb area, along with 
the measuring wheel distance. Record the GPS coordinates using the NAD27 datum and 
latitude/longitude format, decimal degrees. 
 

III. Impact Parameters 
 
After arrival at the parking area for the crag, fill out the header of the data sheet for the area. Gather 
materials and hike the access trail to the cliff base, continue to the left most climb listed in the guidebook. 
Select a starting point thirty feet, or so, to the left of the left most climbing impact. Zero the measuring 
wheel counter. This will be the left-right starting point for all the measurements. Put a zero on the first 
line of the “III. Impact Parameters” section of the data sheet. 
 
Roll the measuring wheel along the climbers trail at the base of the cliff. Stop when you reach the 
beginning of the first impact zone. Park the measuring wheel. Record the measuring wheel distance on the 
second line of the data sheet. Look back over the thirty feet, or so, of the trail (or bushwhack) you 
covered. Fill out the second line of the data sheet for this zone—record the width of the zone (if a trail it 
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will be a few feet), record the other parameters, e.g. site ground cover, exposed mineral soil). Note in the 
comments section this was a trail (or bushwhack). 
 
Roll the measuring into this first impact zone at the base of a climb. Follow a line roughly parallel to the 
base of the cliff. When you are in front of the start of a climb, stop and record the measuring wheel 
distance and the name of the climb. The climb location serves to locate the measurements in space. Since 
the start of the climb is a fixed location, it serves the same function as “site centerpoint” pin used in the 
“variable radial transect method” for recording campsite impact area. 
 
Continue to the end of the impact zone or 20 feet on the measuring wheel from the beginning of the 
impact zone, whichever comes first. Look back over the 20 feet and fill out a new line on the data sheet. 
Continue 20 feet or to the end of this next zone. Record the parameters.  
 
When the impact ends, a trial will start leading to the next climb along the cliff face. If the trail is 
reasonably uniform, it can be treated as one line on the data sheet. If so, roll to the end of the trail and 
record the parameters for that trail zone. 
 
Continue to the end of the climb area, recording the location of all climbs, access trail and other features 
of interest (e.g. beginning and end of rock shelters, beginning and end of fenced off areas, seeps, access 
trail intersection). Measure a final zone that continues thirty feet of so past the end of the last climb 
impact zone. This will typically be a faint trail. Recording the trail will document the area is minimally 
impacted and will show if the climb impact expands in the future. 
 
The lengths along the cliff, the width of impact and the climb locations will be used to map the climbing 
impacts for each area. If there is a lot of change in conditions, it is appropriate to make the zones smaller 
than 20 foot. 
 
The positions of the climbs will be used to “anchor” the arbitrary starting point for the wheel. The climb 
locations will also allow adjusting the impact locations in future monitoring efforts, if the later wheel 
distance measurements do not follow the same path as the prior measurements. 
 
10) Distance from Left End:  The distance (to the nearest foot) from the arbitrary left end starting point. 
The distance is measured by rolling the measuring wheel along the climbers trail at the base of the cliff. If 
there is more than one trail, follow the most used trail. When the trail or impact area is wide, try to stay 
three to five feet from the base of the cliff.   
 
The distance to the base of the climbs should be recorded. The name of the climb is recorded in the 
adjacent columns. 
 
11- 12) Width of Impact Zone: The impact zone will extend out along the ground from the spot where 
the climber steps off into the vertical world, and will include the area used for staging, belaying and 
watching. Typically the impact zone will be a mixture of bare ground and rocks. The width of the zone 
will vary along its length. The recorded width should be an average distance from the cliff face to the end 
of the impact (you are in effect fitting a rectangle to the impact area). Record the width of rock, if any, 
within this zone (item 12). 
 
These measurements will be straightforward when the cliff line is straight. When the zone includes an 
inside corner (dihedral) or an outside corner (arête) the “geometric figure method” (Marion, 1991:45) 
should be used. For example a dihedral in the rock will have a triangular area of impact at its base. Use 
the triangle area formula, one half base times height, to estimate the area of the zone. Then, for the 
distance along the cliff face, the base, estimate the rectangle width to give the same area—the rectangle 
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width will be one half the triangle width. Record the rectangle width in the “width of zone” box on the 
data sheet. 
 
12b) Impact zone limit? Record if some feature limits the width, the distance out from the cliff face. 
Typical limits are drop offs, boulders or steep slopes. These features will tend to limit the spread of the 
impact. (note: drop measure- not a predictive variable, expansion potential would be better) 
(add measure: overhang amount) 
 
13) Vegetative Ground Cover On-Site:  An estimate of the percentage of live non-woody vegetative 

ground cover (including herbs, grasses, and mosses and excluding tree seedlings, saplings, and 
shrubs) within the zone using the coded categories listed below (refer to photographs following these 
procedures). It is often helpful to narrow your decision to two categories and concentrate on the 
boundary that separates them.  For example, if the vegetation cover is either category 2 (6-25%) or 
category 3 (26-50%), you can simplify your decision by focusing on whether vegetative cover is 
greater than 25%.   

      1 = 0-5%  2 = 6-25%  3 = 26-50%  4 = 51-75%  5 = 76-95%  6 = 96-100% 
Midpoints:                 2.5                  15.5                     38                        63                       85.5                     98 

 
14) Exposed Soil:  An estimate of the percentage of exposed mineral soil, defined as ground with very 

little or no organic litter (partially decomposed leaf, needle, or twig litter) or vegetation cover, within 
the zone (refer to the photographs following these procedures). Assessments of exposed soil may be 
difficult when organic litter forms a patchwork with areas of bare soil.  If patches of organic material 
are relatively thin and few in number, the entire area should be assessed as bare soil.  Otherwise, the 
patches of organic litter should be mentally combined and excluded from assessments. Code as for 
vegetative cover above. 

 
15-17) Tree Damage:  Tally each live tree (>1 in. diameter at 4.5 ft.) within the zone boundaries to one 

of the tree damage rating classes described below (refer to the photographs following these 
procedures). Multiple tree stems from the same species that are joined at or above ground level should 
be counted as one tree when assessing damage to any of its stems.  Assess a cut stem on a multiple-
stemmed tree as tree damage, not as a stump.  Do not count tree stumps as tree damage.  Take into 
account tree size.  For example, damage for a small tree would be considerably less in size than 
damage for a large tree.  Where obvious, assess trees with scars from natural causes (e.g., lightning 
strikes) as None/Slight. 
None/Slight ..... No or slight damage such as broken or cut smaller branches, one nail, or a few 

superficial trunk scars. 
Moderate......... Numerous small trunk scars and/or nails or one moderate-sized scar. 

 Severe Trunk scars numerous with many that are large and have penetrated to the inner wood; any 
complete girdling of tree (cutting through tree bark all the way around tree).   

 
18) Number of Tree Stumps:  A count of the number of tree stumps (> 1 in. diameter at ground) within 

the zone.  Do not include wind thrown trees with their trunks still attached or cut stems from a 
multiple-stemmed tree.  

 
19-21) Root Exposure:  Tally each live tree (>1 in. diameter at 4.5 ft.) within zone to one of the root 

exposure rating classes described below.  Where obvious, assess trees with roots exposed by natural 
causes (e.g., stream/river flooding) as None/Slight. 
None/Slight ..... No or slight root exposure such as is typical in adjacent offsite areas. 
Moderate......... Top half of many major roots exposed more than one foot from base of tree. 
Severe .............. Three-quarters or more of major roots exposed more than one foot from base of tree; 

soil erosion obvious.  
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Trash: There is so little at typical climb sites, you can record the actual items, e.g. tape ring, cigarette 
wrapper, apple tag (some call this micro trash). Human waste would be recorded here. Trash in the impact 
zone is recorded along with trash visible when standing in the zone. Mentally extend the zone boundaries 
out into the forest to decide which zone to record any trash in. 
 
 23) Number of Fire Sites:  A count of each fire site within the zone. Include old inactive fire sites as 

exhibited by blackened rocks, charcoal, or ashes.  Do not include locations where charcoal or ashes 
have been dumped.  However, if it is not clear whether a fire was built on the site, always count 
questionable sites that are within the zone and exclude those that are outside the zone.  

 
 24) Comments:  An informal list of comments concerning the zone:  particularly helpful is to record 

if a zone is a trail. Also note any assessments that you felt were particularly difficult or subjective, 
descriptions of particularly significant impacts beyond the zone boundaries (quantify if possible), 
excessive litter, human waste, or any other comments you feel may be useful.  



rock climb inventory form

RRGGA: Rock Climb monitoring form
I. General area information
   1) Crag name: 2) Inventoried by: 3) Date:      4) Start time:      End time: _________
   5) Overall comments:

II. Inventory parameters
   6) number of parking spaces at trailhead: 7) Quality of access trail: length:
   8) GPS coordinates left end: left end measuring wheel distance:
   9) (NAD27, L/L, dd.dddd) right end: right end measuring wheel distance: 1=     0-5%     4=  51-75%

2=   6-25%     5=  76-95%
III. Impact Paramaters 3= 26-50%     6= 96-100%

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 12b) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from impact zone site ground exposed none/ modrt severe tree none/ modrt severe trash/ fire comments
left end  total of rock limit ? cover m soil slight damg damg stumps slight expos expos waste scars
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rock climb inventory form

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from site ground exposed none/ moderatesevere tree none/ moderate severe trash/ fire comments
left end  total of rock cover soil slight damage damage stumps slight exposure exposure waste scars
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Appendix II. 
 

Base Data for the Sixteen Climb Areas 
- Climb area maps 
- Impact graphs 
- Data sheets 

 
 

climb area tla climb 
area map 

impact 
graph 

data 
sheets 

Tunnel Wall TW  X X 
Gray's Wall GW  X X 
Military Wall MW X X X 
Left Flank LF X X X 
Duncan Rock DR  X X 
Jewel Pinnacle JP  X X 
Tower Rock TR X X X 
Lower Small Wall LSW X X X 
Eagle Point Buttress EPB X X X 
Wall of Denial WD X X X 
Sky Bridge Ridge- w SBW X X X 
Sky Bridge Ridge- e SBE X X X 
Funk Rock City FRC X X X 
Camp Store Crag CSC  X X 
Princess Arch PA X X X 
D. Boone Hut Crag DBH  X X 
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rock climb inventory form.xls Page 1

RRGGA: Rock Climb monitoring form
I. General area information 1:08pm
   1) Crag name: Tunnel Wall 2) Inventoried by: CC & J Baker 3) Date 10/18/2003      4) Start time:      End time: 2:35pm
   5) Overall comments: left three climbs not measured, lots of hiking to adjacent rock shelter, Black Death hangs over road, lots of grafitee
z
II. Inventory parameters (to base of Negative Energy ledge)
   6) number of parking spaces at trailhead: 7) Quality of access trail 3 length: 221 ft 
   8) GPS coordinates left end: left end measuring wheel distance:
   9) (NAD27, L/L, dd.dddd) right end: right end measuring wheel distance: 1=     0-5%     4=  51-75%

2=   6-25%     5=  76-95%
III. Impact Paramaters 3= 26-50%     6= 96-100%

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 12b) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from impact zone site ground exposed none/ modrt severe tree none/ modrt severe trash/ fire comments
left end  total of rock limit ? cover m soil slight damg damg stumps slight expos expos waste scars

No Doz hiking trail passes in front of climb, no additional impact at climb

Black Death full of grafitee, no clear climb impact

Negative Energy on ledge a 5.1 scramble up, beer cans and fire ring on ledge, not clear where climb is, no clear climb impact

0 at base of scramble to Negative Energy ledge
222 1 0 no 1 1 0 0 0 0 0 0 0 0 0 trail
226 Sideshow
242 9 1 no 1 3 0 0 0 0 0 0 0 0 0
460 1 0 no 1 1 0 0 0 0 0 0 0 0 0 trail
461 Big Top starts up on a big ledge, webbing anchor, bushes in crack, no apparent climbing
462 4 0 no 1 1 0 0 0 0 0 0 0 0 0 on the ledge

party camping in rock shelter, on ledge, to right of Big Top

access trail from road-- 64 ft, 249 ft to parking
0
3 Exhibition
7 7 0 y- slope 1 6 0 0 0 0 0 0 0 0 0

189 C. Carr,  University of Cincinnati, Sept. 11, 2003
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Gray's Wall inventory form.xls Page 1

RRGGA: Rock Climb monitoring form
I. General area information
   1) Crag name: Gray's Wall 2) Inventoried by: CC & J Baker 3) Date 10/18/2003      4) Start time: 2:40p     End time: _________
   5) Overall comments:

II. Inventory parameters
   6) number of parking spaces at trailhead: 7) Quality of access trail 3 length: 350ft
   8) GPS coordinates left end: left end measuring wheel distance:
   9) (NAD27, L/L, dd.dddd) right end: right end measuring wheel distance: 1=     0-5%     4=  51-75%

2=   6-25%     5=  76-95%
III. Impact Paramaters 3= 26-50%     6= 96-100%

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 12b) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from impact zone site ground exposed none/ modrt severe tree none/ modrt severe trash/ fire comments
left end  total of rock limit ? cover m soil slight damg damg stumps slight expos expos waste scars

boldering to the left (some where a long way away, saw two bolderers hike in with crash pad)

0
9 Coexistence (s)

15 9 0 y- rocks 1 6 0 0 0 0 0 0 0 1 0 boldering pad to right of climb
15+ trail continues right to heavily impacted boldering area

looked for the three trad climbs listed in Bronaugh, couldn't find them
no people climbing
no cars in parking areas
for comparison, Martin's Fork parking area had 28+ cars

191 C. Carr,  University of Cincinnati, Jan. 31, 2004
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Military Wall inventory form.xls Page 1

RRGGA: Rock Climb monitoring form
I. General area information
   1) Crag name: Military Wall 2) Inventoried by: CC 3) Date  9/12, 2003      4) Start time:  10:55a      End time: 5:00p (w/ lunch)
   5) Overall comments:

II. Inventory parameters
   6) number of parking spaces at trailhead: 28 cars (share w/ Left and hike 7) Quality of access trail 1 length: 1961 ft (end at #21, Sailing Shoes)
   8) GPS coordinates left end: left end measuring wheel distance:
   9) (NAD27, L/L, dd.dddd) right end: right end measuring wheel distance: 1=     0-5%     4=  51-75%

2=   6-25%     5=  76-95%
III. Impact Paramaters 3= 26-50%     6= 96-100%

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 12b) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from impact zone site ground exposed none/ modrt severe tree none/ modrt severe trash/ fire comments
left end  total of rock limit ? cover m soil slight damg damg stumps slight expos expos waste scars

0 trail continues left to bolder areas
33 2 0 y-bolders 1 2 0 some 0 0 trail
45 Things That Go Bump
53 9 1 y- cliff edge 1 1 4 0 0 0 4 0 0 0 0 some soil wash down hill
74 8 2 y- slope 1 4 2 0 0 0 1 0 1 0 0 trail
91 Jungle Beat
92 Another Doug Reed Route (s)
94 28 12 no 1 6 0 0 0 0 0 0 0 0 0 much breakdown in stage area

114 26 11 y- bolders 1 6 0 0 0 0 0 0 0 0 0
121 Forearm Follies (s)
131 19 5 1 6 0 0 0 0 0 0 0 0 0
246 bouldering rock down slope from cliff face trail
361 Henry K's Glasses possible, no apparent impact
379 Stacy's Farewell rock at base of climb is moss covered no apparent impact, 
392 3 0 1 2 trail
412 14 2 y- slope 1 6 1 0 0 2 1 0 0 0 0
431 "a project" (s) not in Bronaugh 5 bolts, chain anchors
432 22 0 y-slope 1 6 0 0 0 0 0 0 0 0 0 rocks and logs show boundary
451 25 0 y-slope 1 6 0 0 0 0 0 0 0 cig, wrpr 0 rocks and logs added
453 The Legend (s)
464 Muls (s)
471 28 1 y-slope 1 6 0 0 0 0 0 0 0 0 0
480 Reliquart (s)
487 Gung Ho (s)
491 24 2 y-slope 1 6 0 0 0 0 0 0 0 0 0
506 Tissue Tiger (s)

194-196 C. Carr,  University of Cincinnati, Jan 29, 2004
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511 26 1 y- slope 1 6 0 0 0 1 0 0 0 0 0
514 Fuzzy Undercling (s)
527 24 0 y- slope 1 6 1 0 0 0 0 0 1 0 0
536 Possum Lips (s)
542 13 0 1 4 0 0 0 0 0 0 0 0 0 extensive erosion up gully
544 6 0 1 6 0 0 0 0 0 0 0 0 0 trail
552 Mercy Miss Percy
564 21 0 y-slope 1 3 3 0 0 0 2 0 1 0 0
584 10 0 1 6 0 0 0 0 0 0 0 0 0 trail(at cliff & main some dist out)
588 Stay Left (s)
590 Top-roper's Route
596 15 0 y- slope 1 5 4 0 0 0 3 0 1 0 0 stage + trail impact
616 18 0 y- slope 1 5 3 0 0 0 2 0 1 0 0
623 Decay's Way
630 Moonbeam (s)
636 17 0 y- slope 1 5 1 0 0 0 0 0 1 0 0 many added logs
639 Sunshine (s)
655 "bolted route" (s) not in book, 4 bolts, chains
656 16 1 y- logs 1 6 3 0 0 0 0 0 1 0 0 cliff edge + trail
669 12 0 y- logs 1 6 0 0 0 0 0 0 0 0 0 continued work to bound impact
690 Thought It Was Bubbles possible, no apparent impact
767 Sailing Shoes possible, no apparent impact
782 access trail intersects cliff base trail
803 5 0 1 6 slight to none 1 0 0 trail
820 Nicorette (s) climbs share a start
821 Nicoderm (s)
823 15 3 y- slope 1 6 0 0 0 0 0 0 0 0 0
838 Minimum Creep (s) also trad- Not Worth It
842 Danita Dolores (s)
843 18 4 y- slope 1 6 0 0 0 0 0 0 0 0 0
844 left end of chicken wire fence ( to protect sensitive resources)
853 Blade Runner start in, now, excluded zone
854 Hurricane Amy (s) start in, now, excluded zone
858 13 0 y- slope 1 6 0 0 0 0 0 0 0 0 0 impact inside excluded zone
865 Revival (s) start in, now, excluded zone
881 Beenestalker 1 start in, now, excluded zone
901 Thirsting Skull (s) start in, now, excluded zone
925 Jac Mac (s) start in, now, excluded zone
926 Rad Boy Go (s) start in, now, excluded zone
945 right end of chicken wire fence

194-196 C. Carr,  University of Cincinnati, Jan 29, 2004
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946 20 0 y- slope 1 3 0 0 0 0 0 0 0 0 0 2ft width is trail outside fence
959 Government Cheese (s)
966 14 5 y- slope 1 6 0 0 0 0 0 0 0 0 0
975 16 4 y- slope 1 6 0 0 0 0 0 0 0 0 0

1107 2 0 y- slope 1 1 0 0 0 0 0 0 0 0 0 trail
1116 Left Turret (s)
1121 left end of stone wall
1124 Right Turret (s)
1127 17 0 y- slope 1 3 1 0 0 1 0 1 0 0 0
1140 right end of stone wall
1145 Subatomic Fingerlock
1147 9 0 y- slope 1 3 2 0 0 0 1 0 1 0 0 impact outside wall
1159 10 1 y- trees 1 4 1 0 0 0 1 0 0 0 1
1179 2 0 y- trees 1 1 0 0 0 0 0 0 0 0 0 trail
1190 Beene Material possible, no apparent impact
1225 3 2 1 6 0 0 0 0 0 0 0 0 0 trail, across mouth of rock shelter
1234 Nothing For Now (s)
1238 Bozo's Bogus Booty Biner (s)
1239 12 0 y- slope 1 4 2 1 0 0 2 0 1 0 0
1262 10 4 y- slope 1 3 0 0 0 0 0 0 0 0 0
1267 Special Impetus (s)
1282 5 0 no 1 2 0 0 0 0 0 0 0 0 0
1352 Green Gully
1360 3 0 no 1 4 0 0 0 0 0 0 0 0 0
1369 Pink Feat
1376 Super Slab (s)
1380 12 0 y- slope 1 5 0 0 0 0 0 0 0 0 0
1394 All Things Considered (s) not in book, 5 bolts, chains
1398 G.I.
1400 12 2 y- dropoff 1 5 0 0 0 0 0 0 0 0 0
1430 2 0 no 1 1 trail continues rt, 1000+ ft

194-196 C. Carr,  University of Cincinnati, Jan 29, 2004
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RRGGA: Rock Climb monitoring form
I. General area information 3:30 PM
   1) Crag name: Left Flank 2) Inventoried by: CC 3) Date   8/26/03      4) Start time:      End time: 6:45 PM
   5) Overall comments: the first site measured, stumps probably undercounted-- the bare area probably had stumps that were worn away

how many trees are expected in, say, a 20ft by 20ft area at the cliff base?
II. Inventory parameters
   6) number of parking spaces at trailhead: 7) Quality of access trail 1 length: 1690
   8) GPS coordinates left end: left end measuring wheel distance:
   9) (NAD27, L/L, dd.dddd) right end: right end measuring wheel distance: 1=     0-5%     4=  51-75%

2=   6-25%     5=  76-95%
III. Impact Paramaters 3= 26-50%     6= 96-100%

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 12b) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from impact zone site ground exposed none/ modrt severe tree none/ modrt severe trash/ fire comments
left end  total of rock limit ? cover m soil slight damg damg stumps slight expos expos waste scars

0 left end start, boldering to left
13 To Defy the Laws and Traditions (s)
20 23 3 1 6 6 2 1 1 5 2 2 0 0
40 22 14 1 6 4 0 0 0 3 1 0 0 0
41 To Many Puppies (s)
96 2 0 1 6 14 0 1 2 12 1 2 0 0 trail

107 Fast Food Christian (s)
117 Face Up to That Crack (s)
120 16 3 1 6 6 0 0 3 6 0 0 0 0
136 Mr. Bungle (s)
140 19 6 1 4 11 0 0 9 2 2 7 0 0 impact into roto grove
150 Maypop (s)
160 18 0 1 6 5 0 1 1 6 0 0 0 0
180 12 0 1 6 2 0 0 2 2 0 0 0 0
181 Brother Stair (s)
189 11 0 1 6 2 0 0 2 1 0 1 0 0
230 3 0 1 6 8 0 0 2 7 1 0 0 0 trail
250 14 2 1 5 0 0 0 1 0 0 0 0 0
255 Infectious (s)
270 14 0 1 6 3 0 0 2 3 0 0 0 0
400 3 0 1 4 13 0 0 9 11 2 0 0 0 trail
418 Unsportsmanlike Conduct
420 17 1 1 6 2 0 0 1 2 0 0 0 0
440 15 3 1 6 5 0 0 2 5 0 0 0 0
446 Stunning the Hog (s)
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458 Sex Farm (s) 1
460 34 5 1 6 2 0 0 1 2 0 0 0 0
530 2 0 1 5 5 0 0 2 3 0 2 0 0 trail
539 Aquaduck Pocket (s)
546 Relaxed Atmosphere (s)
547 Third World Lover (s)
550 18 8 1 6 6 0 0 4 5 0 1 0 0
570 10 2 1 5 4 0 2 3 6 0 0 0 0
770 3 0 1 4 34 0 0 2 34 0 0 0 0 trail
774 Hen-ry! (s)
790 6 0 1 6 2 0 0 0 2 0 0 0 0
810 4 0 1 5 1 0 0 0 1 0 0 0 0
815 Trad Boy Go
845 3 0 1 6 0 0 0 2 0 0 0 0 0 trail
865 16 0 1 5 2 0 0 0 2 0 0 0 0
866 Table of Colors (s)
884 Mercy, the Huff (s)
885 27 8 1 6 1 0 0 0 1 0 0 0 0
898 The Dinosaur (s)
905 29 13 1 6 1 0 0 1 1 0 0 0 0
919 Wild, Yet Tasty (s)
925 28 17 1 6 5 0 0 2 5 0 0 0 0 social trail continues right

199-200 C. Carr,  University of Cincinnati, Sept. 11, 2003
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RRGGA: Rock Climb monitoring form
I. General area information 10:50a
   1) Crag name: Duncan Rock 2) Inventoried by: CC & J.Baker 3) Date 10/18/2003      4) Start time:      End time:  12:52p
   5) Overall comments: beautiful fall Saturday and no one at crag (but Martin Fork parking lot full to overflowing)

II. Inventory parameters bushwack trail
   6) number of parking spaces at trailhead: 7) Quality of access trail 5 length: 1435 ft
   8) GPS coordinates left end: left end measuring wheel distance:
   9) (NAD27, L/L, dd.dddd) right end: right end measuring wheel distance: 1=     0-5%     4=  51-75%

2=   6-25%     5=  76-95%
III. Impact Paramaters 3= 26-50%     6= 96-100%

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 12b) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from impact zone site ground exposed none/ modrt severe tree none/ modrt severe trash/ fire comments
left end  total of rock limit ? cover m soil slight damg damg stumps slight expos expos waste scars

0 faint trail to left of start
20 1 0 no 1 1 none 0 0
25 Frenchburg Overhangs
30 15 0 y- slope 1 5 none 1 1 0 0
37 14 1 y- slope 2 3 none 0 1 0 0
43 2 0 no 1 4 none trail
46 Tom's Route
51 5 0 no 1 4 none 0 none 0 0
77 2 0 no 1 1 none trail
83 Joe's Route
87 5 0 y- slope 1 1 none 0 0

252 2 0 no 1 1 none 6 beer cn 0 trail
256 What's Left of the Beeneling
270 The Beeneling
274 18 0 y- slope 1 6 none 1 1 gum wrap 1 no discernible trail to right

202 C. Carr,  University of Cincinnati, Jan.29, 2004 
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RRGGA: Rock Climb monitoring form
I. General area information 11:12a
   1) Crag name: Jewel Pinnacle 2) Inventoried by: CC 3) Date 9/17, 2003      4) Start time:      End time: 1:16 PM
   5) Overall comments: 11:50 at top of access trail

II. Inventory parameters faint trail and wade through river
   6) number of parking spaces at trailhead: park at Gladey visitor center 7) Quality of access trail 4 length: 2863 ft  (to Copperhead)
   8) GPS coordinates left end: left end measuring wheel distance:
   9) (NAD27, L/L, dd.dddd) right end: right end measuring wheel distance: 1=     0-5%     4=  51-75%

2=   6-25%     5=  76-95%
III. Impact Paramaters 3= 26-50%     6= 96-100%

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 12b) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from impact zone site ground exposed none/ modrt severe tree none/ modrt severe trash/ fire comments
left end  total of rock limit ? cover m soil slight damg damg stumps slight expos expos waste scars

0 2 0 no access trail from walk down 

0
11 Copperhead
20 11 3 y- slope 1 3 0 0 0 0 0 0 1
26 9 3 y- slope 1 3 0 0 0 0 0 0 0
41 2 0 y- slope 1 1 0 0 0 0 0 0 0 trail
43 Kool Aid
51 7 0 n 1 3 0 0 0 0 0 0 0 0 0
68 Diamond in the Crack
70 7 0 y- slope 1 6 none 2 1
90 2 0 n 1 1 none faint trail continues right
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RRGGA: Rock Climb monitoring form
I. General area information 8:08a
   1) Crag name: Tower Rock 2) Inventoried by: CC 3) Date   9/17/2003      4) Start time:      End time: 11:04a
   5) Overall comments:

II. Inventory parameters Fprest Service system trail
   6) number of parking spaces at trailhead: 7) Quality of access trail 1 length: 2134 ft ending at "Anything You Want"
   8) GPS coordinates left end: left end measuring wheel distance:
   9) (NAD27, L/L, dd.dddd) right end: right end measuring wheel distance: 1=     0-5%     4=  51-75%

2=   6-25%     5=  76-95%
III. Impact Paramaters 3= 26-50%     6= 96-100%

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 12b) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from impact zone site ground exposed none/ modrt severe tree none/ modrt severe trash/ fire comments
left end  total of rock limit ? cover m soil slight damg damg stumps slight expos expos waste scars

0 Anything You Want
1 9 0 y- slope 1 5 none 0 0 0 1 0 0

27 Mighty Eidson
34 10 0 y- slope 1 5 none 1 0 0 1 0 0
85 3 0 no 1 2 1 0 1 0 0 trail, initials carved  in tree
91 The Grunges #1

105 20 0 y- slope 1 6 1 0 2 0 1 initials carved in tree
108 The Grunges #2
125 15 0 y- slope 1 5 1 1 0 0 2 0 0 axe hack on tree
126 The Grunges #3
164 3 0 no 1 3 none 0 0 trail
165 Salad Days
185 7 0 y- slope 1 2 none 1 1 0 0
201 Groundhog
205 6 0 y- slope 1 3 none 0 0
217 6 0 y- slope 1 4 none 0 0
232 3 0 no 1 2 none trail
239 Curving Crack
240 Razor's Edge
252 7 0 y- slope 1 2 none 1 0 0
260 Caver's Route
269 15 1 y- slope 1 6 none 2 0 0
286 Caver's Excitement
326 Whimpering Insanity no indication of climbing-- lichen fully covering face
378 6 0 no 1 3 none 0 3 0 0 trail,wider in pst,starting recovery
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388 Shower of Power
392 The Corner
400 No Brain, No Pain
408 9 1 no 1 6 none 0 0
434 4 0 y- slope 1 5 none 0 0 trail
451 Tower Backside starts on ledge above trail
457 8 0 y- slope 1 2 none 2 0 0 area on trail, not ledge 20 ft up
583 3 0 no 1 1 none 0 0
588 Another Grunge
593 4 0 y- slope 1 2 none 0 0
605 3 0 no 1 1 none 0 0 trail
616 Blow Me Down chalk visible on route
619 Arachnid Shiver Me Timbers also starts here
631 12 0 y- cliff/rks 1 6 none 1 the big triangular area in dihedral
632 Anti-gravity Acrobatics
651 6 0 no 1 4 none 1 0 0 trail
669 Dog Days
671 9 0 y-slope 1 4 none 0 0
689 Bleak Future
691 3 0 no 1 5 none 0 0 0 trail
705 3 0 no 1 5 none 0 0 0 trail
708 Africa
717 8 0 y-slope 1 4
733 2 0 no 1 1 none 0 0 0 trail
737 Madagascar
742 6 0 y-slope 1 1 none 0 0 0
767 2 0 no 1 1 none 0 0 0 trail, ends at slot
773 South of Zimbabwe no sign of any recent climbing- th elower face has a thick coating of moss and lichen
815 Delta Blow no sign of climbing
825 7 0 no 1 2 none 0 0 0 back at "Any Thing You Want"
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RRGGA: Rock Climb monitoring form
I. General area information Wednesday 8:50am
   1) Crag name: Lower Small Wall 2) Inventoried by: CC 3) Date Aug. 27, 2003      4) Start time:      End time: 1:30 PM
   5) Overall comments:

II. Inventory parameters lost trail on descent to car
   6) number of parking spaces at trailhead: 7) Quality of access trail 4 length: 910 ft.
   8) GPS coordinates left end: left end measuring wheel distance:
   9) (NAD27, L/L, dd.dddd) right end: right end measuring wheel distance: 1=     0-5%     4=  51-75%

2=   6-25%     5=  76-95%
III. Impact Paramaters 3= 26-50%     6= 96-100%

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 12b) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from impact zone site ground exposed none/ modrt severe tree none/ modrt severe trash/ fire comments
left end  total of rock limit ? cover m soil slight damg damg stumps slight expos expos waste scars

0 the start
3 The Green Wombat appears natural cliff base is

90 0 0 1 1 none 0 0    leaf litter, but no plants
98 Der Kommissar

106 fire ring
110 16 0 1 3 none 2 bud lt 1 maybe camping also
130 3 0 1 1 none 1 bud lt 0 trail
138 Shattered
145 5 1 1 2 none 0 0
525 Invasion of the Love Queens position no sure, no apparent impact
561 streamlette, very muddy
835 2 0 1 1 none 0 0 trail
838 4M climb
842 7 0 2 2 none 0 0 wide spor in trail at climb base
900 2 0 1 1 none 0 0
907 Delirium Tremors doesn't look climbed
910 7 0 3 1 2 0 0 0 1 0 1 0 0 steep stage area, root exposure
940 3 0 1 1 none 0 0 tail
960 26 1 1 1 2 0 0 0 2 0 0 0 1 stack of cut and split fire wood
980 23 1 1 2 1 0 0 0 1 0 0 0 1
986 a probable pot hunting dig site with piles of screened dirt
999 center of large block under low roof dig site

1000 8 0 1 6 1 0 0 0 1 0 0 0 0
1016 Eggshell
1020 8 3 1 6 0 0 0 0 0 0 0 0 0
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1049 4 0 1 4 1 0 0 0 1 0 0 0 0 trail
1052 That's Enough of This Beene Sh
1060 5 0 1 4 0 0 0 0 0 0 0 0 0
1084 Poison Ivy no visible impact beyond the trail its self
1205 2 0 1 1 none 0 0 trail
1220 Lost Dart Crack
1221 Lost Dart
1222 center of passageway
1245 5 0 1 5 0 0 0 0 0 0 1 bottle 0 the passageway
1314 2 0 1 3 none 0 0 trail
1318 Blue Biner
1323 6 0 1 6 1 0 0 0 0 1 0 0 0
1383 Caterpillar Crack no visible impact beyond thre trail its self
1400 3 0 1 5 none 0 0 trail
1420 8 0 2 3 3 0 0 2 2 1 0 0 0
1413 Double Caves Crack
1423 Pogues Path
1426 7 0 2 3 1 0 0 0 1 0 0 0 0
1474 access trail comes into cliff base trail
1588 2 0 1 1 none 0 0 trsil
1593 Spider Squat
1599 8 1 1 6 2 0 0 2 2 0 0 0 0
1644 DAB Chimney no visible impact at climb
1668 3 0 1 1 none 0 0
1678 Dicey at Best
1688 13 3 1 6 0 0 0 0 0 0 0 0 0 on ledge at base of climb
1700 2 0 1 6 0 0 0 0 0 0 0 0 0 slot to get to climb ledge
1730 Stinger no apparent impact
1791 stream
1795 1 0 5 1 none 0 0 trail in open area
1837 2 1 1 6 0 0 0 0 0 0 0 0 0 trail, scramble over rock
1853 Stratocaster
1854 10 5 1 6 0 0 0 0 0 0 0 grill grt 1 small rock shelter
1941 streamallett
2166 black top bolder
2265 2 0 1 1 none 0 0 trail
2281 Good Tang
2293 11 0 1 2 8 0 0 3 8 0 0 0 0 lots washed down soil
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RRGGA: Rock Climb monitoring form
I. General area information 11:50am  (w/ long lunch)
   1) Crag name: Eagle Point Buttress 2) Inventoried by: CC 3) Date 9/16/2004      4) Start time:      End time: 2:28pm
   5) Overall comments: access route to upper ledge not clear, climbs 12-17 not monitored. The top of the cliffs are used by rappellers and partiers

II. Inventory parameters
   6) number of parking spaces at trailhead: 7) Quality of access trail 2 length: 5207 ft (to base of Fox Fire)
   8) GPS coordinates left end: left end measuring wheel distance:
   9) (NAD27, L/L, dd.dddd) right end: right end measuring wheel distance: 1=     0-5%     4=  51-75%

2=   6-25%     5=  76-95%
III. Impact Paramaters 3= 26-50%     6= 96-100%

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 12b) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from impact zone site ground exposed none/ modrt severe tree none/ modrt severe trash/ fire comments
left end  total of rock limit ? cover m soil slight damg damg stumps slight expos expos waste scars

0 1 0 no 1 1 0 0 0 0 0 0 0 some 1 very faint trail continues left
3 If My Number's Up
5 The Hangover Problem

11 7 0 y- cliff 1 3 0 0 0 0 0 0 0 0 0 soil washed over hill
73 seep seep shown on Bronaugh map

234 Crude Boys ferns in crack, much lichen on edges, apparently little climbing, maybe none, in last many years
235 2 0 no 1 1 0 0 0 0 0 0 0 0 0 much roto bashing, v poor trail
247 6 0 y- slope 1 1 0 0 0 0 0 0 0 0 0 some moss on ground
357 Southern Hospitality probable location, crack full of ferns, no recent climbing
411 1 0 no 1 1 0 0 0 0 0 0 0 0 0 continual branches across trail
428 The Integral
443 Pussy Whipped trash- broken bottles, plastic
488 3 0 y- slope 1 3 0 0 0 0 0 0 0 lots 0 bottles, clothing, food cans
494 Twin Cracks
502 Day Dreaming many slings and biners to make anchor
513 7 0 no 1 6 0 0 0 0 0 0 0 lots 0 plus names scratched on wall
564 3 0 no 1 1 0 0 0 0 0 0 0 medium 0 some roto wack to use trail
566 Fox Fire
573 5 0 y-slope 1 5 0 0 0 0 0 0 0 some 0
631 Southern Comfort probable location, no evidence of climbing in area
660 2 0 no 1 1 0 branche 0 0 0 0 0 0 0 trail, joins trail to rappelling
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RRGGA: Rock Climb monitoring form
I. General area information 7:45a 11:30 AM
   1) Crag name: Wall of Denial 2) Inventoried by: CC 3) Date 9/16/2003      4) Start time:      End time: end at rt end
   5) Overall comments: (back to EPB)

II. Inventory parameters top quality social trail- just follow river
   6) number of parking spaces at trailhead: 7) Quality of access trail 2 length: 6941 ft to Cold Shot
   8) GPS coordinates left end: left end measuring wheel distance:
   9) (NAD27, L/L, dd.dddd) right end: right end measuring wheel distance: 1=     0-5%     4=  51-75%

2=   6-25%     5=  76-95%
III. Impact Paramaters 3= 26-50%     6= 96-100%

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 12b) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from impact zone site ground exposed none/ modrt severe tree none/ modrt severe trash/ fire comments
left end  total of rock limit ? cover m soil slight damg damg stumps slight expos expos waste scars

0 top of access trail
1 Cold Shot (s) no visible chalk

61 Hair of the Dog on side trail up from main trail
70 2 0 no 1 1 0 0 0 0 0 0 0 0 0 full cover of leaf litter,pine needles
73 Testosterone Testpiece
95 2 0 no 1 4 0 0 0 0 0 0 0 0 0 trail

100 Apehouse
102 6 0 y- cliff 1 5 0 0 0 0 0 0 0 0 0 stage area on top of rock
131 3 0 no 1 2 0 0 0 0 0 0 yes 0 0
139 Double Trouble no impact at base of climb, area covered w/ leaves, but wide spot in trail, past impact?
151 8 0 y- slope 1 2 0 0 0 0 0 0 0 0 0 wide spot in trail
191 13 6 y-slope 1 2 0 0 0 0 0 0 0 0 0 why impact?Small flat area, tent?
230 5 0 no 1 2 0 0 0 0 0 0 0 0 0 trail
236 Gorge Factor
241 11 3 y- slope 1 2 0 0 0 0 0 0 0 0 0
289 Anne's Crack no visible impact at base of climb-- even a small holly bush right at start
310 F.O. Nazi Art Police moss and ferns growing in crack
317 4 0 y-slope 1 1 0 0 0 0 0 0 0 0 0 trail
327 Pink Panties Pulldown
334 8 0 y- slope 1 3 0 0 0 0 0 0 0 0 0
373 13 0 no 1 5 0 0 0 0 0 0 0 zip bag 0 flat area-- tenting?
404 3 0 no 1 5 0 0 0 1 0 0 0 0 0 trail
406 Bongo
424 8 0 y-slope 1 6 0 0 0 1 0 0 0 0 0
425 Red River Renaissance
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430 5 0 y-slope 1 6 0 0 0 0 0 0 0 0 0
457 4 0 no 1 5 0 0 0 0 0 0 0 0 0 trail
461 New Red River left end of rock shelter
467 7 1 no 1 6 0 0 0 0 0 0 0 0 0
482 Campfire Crank (s)
487 13 0 no 1 6 0 0 0 0 0 0 0 0 0 under rock shelter, flat ground
507 36 0 y-slope 1 6 0 0 1 0 0 0 0 0 1 camp area, axe hacks
516 Icy Fresh position approximate
527 28 0 no 1 6 0 0 0 0 0 0 0 0 0 right end of rock shelter
547 18 0 no 1 4 0 0 0 0 0 0 0 0 0
567 26 13 y-slope 1 4 0 0 0 0 0 0 0 0 0 mostly flat rock, stage area
571 Strick 9 much chalk
577 Buckeye Testpiece some chalk
587 18 9 y-slope 1 6 0 0 0 1 0 0 0 0 0 triangular shape stage in dihedral
591 Toxic Avenger (s) some chalk
598 18 2 y-slope 1 6 0 0 0 0 0 0 0 0 0
605 Chemical Imbalance no chalk
636 3 0 y-slope 1 1 0 0 0 0 0 0 0 0 0 trail
642 Must Dihedral no evidence of recent climbing
645 6 0 y-slope 2 1 0 0 0 0 0 0 0 0 0 wide spot at dihederal, moss/fern
732 Blue Balls position approx, seep
738 3 0 no 1 2 0 0 0 0 0 0 0 0 0 left end rock shelter
783 camp fire remains under rock shelter
796 11 1 no 1 5 0 0 0 2 0 0 0 0 1 right end rock shelter
811 3 0 no 1 4 0 0 0 0 0 0 0 0 0 trail
817 Funhouse
823 7 1 y-slope 1 6 0 0 0 1 0 0 0 0 0
833 2 0 no 1 1 0 0 0 0 0 0 0 0 0 faint trail continues right

0 concrete bridge parking lot 7:45 AM
3985 stream
4073 turn for Doorish Wall
4211 turn for Eagle Point Buttress
6327 "slot canyon" 
6403 turn for Wall of Denial
6941 Cold Shot 9:00 AM
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RRGGA: Rock Climb monitoring form
I. General area information 12:15pm
   1) Crag name: Sky Bridge Ridge 2) Inventoried by: CC 3) Date 9/15/2003      4) Start time:      End time: 6:06pm  
   5) Overall comments: includes lunch and 

search time
II. Inventory parameters east side trail- 800 ft 
   6) number of parking spaces at trailhead: 7) Quality of access trail 2 length: west side- 738 ft, end at climb #33
   8) GPS coordinates left end: left end measuring wheel distance:
   9) (NAD27, L/L, dd.dddd) right end: right end measuring wheel distance: 1=     0-5%     4=  51-75%

2=   6-25%     5=  76-95%
III. Impact Paramaters 3= 26-50%     6= 96-100%

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 12b) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from impact zone site ground exposed none/ modrt severe tree none/ modrt severe trash/ fire comments
left end  total of rock limit ? cover m soil slight damg damg stumps slight expos expos waste scars

0 start at left end of rock house
20 4 0 no 1 6 1 0 0 0 1 0 0 0 0 inside rock house
40 5 0 no 1 6 0 0 0 0 0 0 0 one can 0 inside rock house
44 Icarus
60 9 3 no 1 6 0 0 0 0 0 0 0 0 0 inside rock house
97 4 0 no 1 6 0 0 0 0 0 0 0 six can 0 trail

105 The Hook and the Pendulum (s)
109 Guideline
117 11 2 no 1 3 3 0 0 3 3 0 0 0 0
131 9 0 no 2 1 1 0 0 0 1 0 0 0 0
169 3 0 no 1 2 0 0 0 0 0 0 0 0 0 two parallel trails
179 The Return of Geoff Beene
187 Upstream Swimmer
189 11 0 y 1 5 2 0 0 0 2 0 0 0 0
414 2 0 no 1 2 0 0 0 0 0 0 0 8 bottles 0 trail
425 Into the Void no impact at base, moss bolders
433 Void Direct no impact at base, moss bolders
434 8 0 no 1 1 0 0 0 0 0 0 0 0 0 trial, wide spot
500 left end of rock shelter
600 2 0 no 1 1 0 0 0 0 0 0 0 0 0 trail
603 The Great Arch (left) left side start
604 4 2 no 1 1 0 0 0 0 0 0 0 0 0
691 camp fire remains
696 Refraction
717 west access trail intersects cliff base trail
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726 right side of main part of gigantic rock shelter
727 6 3 no 1 4 0 0 0 0 0 0 0 0 1 multiple trails under rock house
940 2 0 no 2 1 0 0 0 0 0 0 0 0 0 trail
942 Take Off, Eh
946 6 0 y 1 1 3 0 0 0 3 0 0 0 0
963 Fleshy Headed Mutant

1057 left side of rock shelter
1300 six beer bottles, Budwiser
1455 2 0 no 1 1 0 0 0 0 0 0 0 6 0 trail, right end rock shelter
1475 6 0 y- bolders 1 6 0 0 0 0 0 0 0 0 0 under overhang of rock shelter
1488 Sick Puppies (s)
1495 12 8 y- drop off 1 6 0 0 0 2 0 0 0 0 0 under overhang of rock shelter
1721 2 0 no 1 2 0 0 0 0 0 0 0 0 0 trail
1738 Physical Graffiti (s)
1741 13 2 y- slope 1 2 1 0 0 3 1 0 0 0 0 three roto cut at climb base
1748 12 6 y- bolders 1 2 0 0 0 0 0 0 0 0 0
1799 3 0 no 1 1 0 0 0 0 0 0 0 0 0 trail
1809 Fungus Fantasy
1811 9 0 no 1 3 0 0 0 0 0 0 0 0 0
1859 2 0 no 1 1 0 0 0 0 0 0 0 0 0 trail
1866 Jack in the Pulpit (s)
1874 Unknown (Sky Bridge Ridge) (s)
1879 12 0 y- slope 1 6 3 0 0 0 2 1 0 0 0
1890 Super Dario (s)
1894 12 0 no 1 6 2 0 0 0 1 0 1 0 0
1904 Martin Rides Again (s)
1914 7 0 no 1 5 0 3 0 1 3 0 0 0 0
1956 3 0 y 1 3 0 0 0 0 0 0 severe 0 0 trail
1961 Old Friends
1968 The Rifleman (s)
1976 15 0 y- slope 1 6 0 0 0 1 0 0 0 0 0 much soil erode into forest below
1977 Good Times much chalk on route
1984 6 1 no 1 6 0 0 0 0 0 0 0 0 0
2003 3 0 no 1 6 0 0 0 0 0 0 0 0 0 trail
2006 Soul Ram (s)
2022 11 3 no 1 6 0 0 0 1 0 0 0 0 0
2050 Heavy Weather
2053 8 5 no 1 6 0 0 0 0 0 0 0 0 0
2062 8 0 no 1 6 0 0 0 0 0 0 0 0 0 under overhang of rock shelter
2079 seep- wet area
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2119 main (east) trail intersects cliff face trail
2127 No Return
2138 4 0 no 1 6 0 0 0 0 0 0 0 0 0 trail
2144 Commencement (s)
2158 17 4 no 1 6 0 0 0 1 0 0 0 0 0 tree cut right in front of climb start
2159 Corpus Delicti (s)
2164 6 0 no 1 3 2 1 0 0 2 1 0 0 0
2171 Ex Post Facto no visible impact
2190 Outback no visible impact
2225 3 0 no 1 5 0 0 0 0 0 0 0 0 0 trail
2234 The Underling
2245 23 12 y- slope 1 6 0 0 0 2 0 0 0 0 0
2248 What's Right With the Underling ? (s)
2263 Out On a Limb (s)
2264 King Me (s)
2265 17 0 no 1 6 3 0 0 1 2 1 0 0 0 tree blocking climb cut down
2283 Right On, Solid, and Far Out
2285 12 1 no 1 5 0 0 0 0 0 0 0 0 0
2298 6 0 no 1 5 0 0 0 0 0 0 0 0 0 trail
2305 crack with anchors (~40 ft), lots of chalk lots of chalk
2316 Inhibitor some chalk
2318 19 0 y- slope 1 6 0 0 0 1 0 0 0 0 0 tree chopped at base of climb
2319 boulder problem lots of chalk
2338 13 4 no 1 6 0 0 0 1 0 0 0 tiny 2 finger tape rings, by bolder
2339 Nolo Contendere (s)
2357 Unknown (Sky Bridge Ridge) (s)
2358 22 8 y- slope 1 6 0 0 0 0 0 0 0 bottle 0 under overhang of rock shelter
2373 17 5 no 1 6 0 0 0 0 0 0 0 0 0
2384 seep- wet area
2427 3 0 no 1 2 0 0 0 0 0 0 0 0 0 trail
2429 The Big Bang no chalk, shrubs in crack
2435 Doppler Effect much chalk on route
2438 11 6 y- slope 1 5 12 0 0 0 11 0 1 0 0 in traingular alcove (dihedral)
2499 2 0 y- slope 1 5 0 0 0 0 0 0 0 0 0 trail
2502 Dave the Dude (s)
2509 8 1 y- slope 1 6 1 0 0 0 0 0 1 0 0
2641 2 0 no 1 2 0 0 0 0 0 0 0 0 0 trail, erosion in places
2656 Drop the Anchor (s)
2661 9 2 y- slope 1 3 4 0 0 2 3 0 1 0 0
2671 2 0 no 1 1 0 0 0 0 0 0 0 0 0 trail, continues right
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RRGGA: Rock Climb monitoring form
I. General area information 9:30am  (10:05am top of access trail)
   1) Crag name: Funk Rock City 2) Inventoried by: CC 3) Date 9/23/2003      4) Start time:      End time: 2:11PM
   5) Overall comments: trees and rotodendron generally grow to the cliff face-- they are gone for the width of the climbing impact zone

II. Inventory parameters good wide tail along river, single track up hill
   6) number of parking spaces at trailhead: 7) Quality of access trail 2 length: 4585 ft (ford at 3447 ft)
   8) GPS coordinates left end: left end measuring wheel distance:
   9) (NAD27, L/L, dd.dddd) right end: right end measuring wheel distance: 1=     0-5%     4=  51-75%

2=   6-25%     5=  76-95%
III. Impact Paramaters 3= 26-50%     6= 96-100%

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 12b) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from impact zone site ground exposed none/ modrt severe tree none/ modrt severe trash/ fire comments
left end  total of rock limit ? cover m soil slight damg damg stumps slight expos expos waste scars

0 top of trail intersects cliff line
67 3 0 y- slope 1 2 0 0 0 1 0 0 0 0 0 trail
75 Scary Monsters and Super Freaks
87 5 0 y- slope 1 4 0 0 0 0 0 0 0 0 0
92 3 0 no 1 4 0 0 0 0 0 0 0 0 0 trail

101 Unknown (Funk Rock City, A1) gear left in crack
111 8 0 y- slope 1 6 0 0 0 3 0 0 3 0 0 no slope- much erosion
164 5 0 y- slope 1 5 0 0 0 0 0 0 0 0 0 trail
173 Frugal Chariot (s)
183 Smokin' Joe (s)
184 12 4 y- slope 1 6 0 0 0 0 0 0 1 0 0 much soil erosion over slope
201 Unknown (Funk Rock City, 5.8) some chalk
204 8 4 no 1 6 0 0 0 0 0 0 0 0 0
224 11 9 y- slope 1 6 0 0 0 0 0 0 0 0 0 small rock shelter
244 3 0 no 1 6 0 0 0 0 0 0 0 0 0 small rock shelter
260 The Infidel (s)
264 9 1 y- slope 1 6 0 0 0 1 0 0 0 0 0
280 Just Another Trad Route
284 7 1 no 1 4 0 0 0 0 0 0 1 small tag 0
299 Go Easy Billy Clyde! (s)
304 10 3 y- slope 1 6 0 0 0 0 0 0 1 0 0
315 4 0 y- slope 1 6 0 0 0 0 0 0 0 0 0
352 5 0 no 1 6 0 0 0 0 0 0 3 0 0 trail (actually two in parallel)
370 8 0 yes 1 6 0 0 0 0 0 0 3 0 0 trail (one at cliff, one out a bit)
375 Goodstone
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376 Cruising Lane
383 Rite of Passage lots of chalk
390 10 5 y- slope 1 6 0 0 0 0 0 0 0 0 0 no trees at all ???
393 Local Color not found, smal trees and roto at cliff base, undisturbed ground position approximate
424 Veldhaus Route moss, lichen in crack, roto at base, only faintest indication of climbing
445 4 0 yes 1 4 0 0 0 0 0 0 0 0 0 trail,lots of erosion,soil downslope
451 Eye of the Needle (s)
453 Sparky Goes Crack Climbing
465 9 0 y- slope 1 5 0 0 0 0 0 0 4 0 0
481 4 0 y- slope 1 5 0 0 0 0 0 0 0 0 0 trail
496 Manic Impression (s)
501 13 0 no 1 6 0 0 0 0 0 0 2 0 0
510 Trad Wagon no indication of recent climbing, crack filled with bushes, moss, grass
521 14 0 y- slope 1 6 0 0 0 0 0 0 1 1 0 one apple sticker
525 Funkadelic (s)
535 6 0 y- slope 1 6 0 0 0 0 0 0 0 0 0
622 Flashlight (s) lousy wet muddy start, climb is right over seep
624 2 0 no 1 2 0 0 0 0 0 0 0 0 0 trail, left side rock shelter
738 2 0 no 1 1 0 0 0 0 0 0 0 0 3 trail, rt end rock shelter
805 2 0 no 1 1 0 0 0 0 0 0 0 0 0 trail
809 Appalachian Spring (s)
810 Seppuku (s)
825 12 5 no 1 5 0 1 0 0 0 0 0 0 0 initials carved in tree

1046 4 0 no 1 2 0 0 0 0 0 0 0 0 0 trail
1055 There Goes the Neighborhood (s)
1071 6 0 y- slope 1 3 0 0 0 0 0 0 0 0 0
1089 3 0 no 1 1 0 0 0 0 0 0 0 0 0 trail
1096 Orange Juice (s)
1110 9 3 y- slope 1 6 0 0 0 1 0 0 0 0 0 big cutdown tree at base of climb
1146 3 1 no 1 6 0 0 0 0 0 0 0 0 0 trail
1153 Red Hot Chili Pepper (s)
1158 Headstone Surfer chalk
1163 Hardcore Jollies (s)
1166 11 0 y- slope 1 6 0 0 0 0 0 0 0 0 0
1192 3 0 y- down tree 1 5 0 0 1 0 0 0 0 0 tail
1202 Prime Directive (s)
1209 8 0 y- slope 1 5 0 0 0 3 0 0 2 0 0
1214 3 0 no 1 2 0 0 0 0 0 0 0 0 0 trail
1219 Up Swift Creek Without a Paddle no visible chalk
1223 6 0 y- slope 1 1 0 0 0 0 0 0 0 0 0
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1297 Armageddon no evidence of recent climbing, ground at base of climb is moss covered, gear in crack- bail slings
1392 2 0 no 1 1 0 0 0 0 0 0 0 0 0 trail
1399 Glory Be (s)
1403 18 6 y- slope 1 6 0 0 0 0 0 0 0 0 0
1420 2 0 no 1 1 0 0 0 0 0 0 0 0 0 v faint trail continues rt (waterfall)

231-233 C. Carr,  University of Cincinnati, Jan. 31, 2004
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RRGGA: Rock Climb monitoring form
I. General area information 2:39pm
   1) Crag name: Camp Store Crag 2) Inventoried by: CC 3) Date 9/16/2003      4) Start time:      End time: 3:10pm
   5) Overall comments: may also have a mix of party campers on lower terrace, who come up to sit in alsove left of climbs

II. Inventory parameters bushwack, no visible trail, roto wack just below cliff
   6) number of parking spaces at trailhead: 7) Quality of access trail 5 length: 548ft
   8) GPS coordinates left end: left end measuring wheel distance:
   9) (NAD27, L/L, dd.dddd) right end: right end measuring wheel distance: 1=     0-5%     4=  51-75%

2=   6-25%     5=  76-95%
III. Impact Paramaters 3= 26-50%     6= 96-100%

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 12b) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from impact zone site ground exposed none/ modrt severe tree none/ modrt severe trash/ fire comments
left end  total of rock limit ? cover m soil slight damg damg stumps slight expos expos waste scars

0 left end of alcove
13 Camp (s) a good bit of chalk
17 Store (s) plenty of chalk
20 13 1 y- slope 1 6 0 0 0 0 0 0 0 0 0
31 12 1 no 1 6 0 0 0 0 0 0 0 1 1 finger tape ring
50 7 0 no 1 1 0 0 0 3 0 0 0 0 0 trail

but left and right of impact area, roto grows full and thick along cliff, was roto fully cleared from this area, doesn't appear it should be naturaly clear
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RRGGA: Rock Climb monitoring form
I. General area information 2:30pm
   1) Crag name: Princess Arch 2) Inventoried by: CC 3) Date 9/23/2003      4) Start time:      End time: 4:10pm
   5) Overall comments: top of cliff is readily accessible- much trash on top, carvings on rock

II. Inventory parameters FS system trail rap down to base of climbs
   6) number of parking spaces at trailhead: 7) Quality of access trail 1 length: 1842ft - to top of Ripp-Off
   8) GPS coordinates left end: left end measuring wheel distance: long winding alternate approach
   9) (NAD27, L/L, dd.dddd) right end: right end measuring wheel distance: 1=     0-5%     4=  51-75%

2=   6-25%     5=  76-95%
III. Impact Paramaters 3= 26-50%     6= 96-100%

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 12b) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from impact zone site ground exposed none/ modrt severe tree none/ modrt severe trash/ fire comments
left end  total of rock limit ? cover m soil slight damg damg stumps slight expos expos waste scars

0 faint trail continues left
5 3D no indication of recent climbing, fern growing in base of crack

47 2 0 no 1 1 0 0 0 0 0 0 0 0 0 trail
60 What a Maroon no visible indication of climbing
67 2 0 no 1 1 0 0 0 0 0 0 0 some- #1 0 see notes below for trash list
87 2 0 no 1 1 0 0 0 0 0 0 0 some- #2 0
97 Finger Filet no visible impact of climbing

107 2 0 no 1 1 0 0 0 0 0 0 0 much- #3 0
124 Golden Fleece no visible impact of climbing
127 2 0 no 1 1 0 0 0 0 0 0 0 much- #4 0
147 4 0 no 1 2 0 0 0 0 0 0 0 some- #5 0
152 Face Farce
160 Ripp-Off
161 13 0 y- slope 1 6 0 0 0 0 0 0 0 some- #6
182 4 0 y- slope 1 5 0 0 0 0 0 0 0 some- #7 trail
188 Adrenalin chalk
198 10 0 y- slope 1 6 0 0 0 0 0 0 0 much- #8
210 4 0 no 1 5 much trail continues rt, lots of trash

1 3 beer cans, beach towel, chip bag
2 water bottle, 3 glass bottles
3 gallon jug, 12 pack holder, plastic bag, 3 beer cans, 1 beer bottle, 1 water bottle
4 19 beer cans, ss pot, black garbage bag, chip bag, 3 plastic bags, shirt, 1 beer bottle, 2 water bottle , Al foil
5 Ale 8 bottle, 7up can, beer bottle
6 burned logs, beer bottle
7 burned logs, beer bottle
8 10 beer cans, water bottle, burned logs, right sneaker, bean can, water bottle238 C. Carr,  University of Cincinnati, Jan. 31, 2004
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RRGGA: Rock Climb monitoring form
I. General area information 4:34pm
   1) Crag name: D. Boone Hut Crag 2) Inventoried by: CC 3) Date 9/23/2003      4) Start time:      End time: 5:50pm
   5) Overall comments: hard to tell scrambling impact from climb impact, doesn't appear to be current climbing. Impact from climbing years ago still visible

II. Inventory parameters
   6) number of parking spaces at trailhead: 7) Quality of access trail 1 length: 2213 ft, to cliff face at seep
   8) GPS coordinates left end: left end measuring wheel distance:
   9) (NAD27, L/L, dd.dddd) right end: right end measuring wheel distance: 1=     0-5%     4=  51-75%

2=   6-25%     5=  76-95%
III. Impact Paramaters 3= 26-50%     6= 96-100%

Width of zone Ground and Soil Tree damage Root exposure Other
10) 11) 12) 12b) 13) 14) 15) 16) 17) 18) 19) 20) 21) 22) 23) 24)
dist from impact zone site ground exposed none/ modrt severe tree none/ modrt severe trash/ fire comments
left end  total of rock limit ? cover m soil slight damg damg stumps slight expos expos waste scars

0 Manhole no evidence of recent climbing, no chalk, starts in rock shelter close to system trail, lots of general impact
16 20 6 y- slope 1 6 0 0 0 0 0 0 0 0 0 in rock shelter
31 Crackadile no chalk
54 4 0 y- slope 1 1 0 0 0 0 0 0 0 0 0
62 Green Corner
70 Iron Cross
75 12 0 y- slope 1 5 0 0 2 1 0 0 2 0 0
96 5 0 y- slope 1 3 0 0 0 0 0 0 2 0 0

100 Fingers
111 6 0 y- slope 1 4 1 0 0 0 0 0 1 0 0 left side of "house overhang"
112 continues right into huge overhang, with fence for white haired goldenrod, continue right to D. Boone Hut historic site

Didn't look for the climbs "Deception" and "Apes". These monitored climbs were little enough climbed, D and Ape probably see no climbing, 
 D and Ape are further away from the trail head, and have vague access descriptions

240 C. Carr,  University of Cincinnati, Jan. 31, 2004
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Appendix III. 
 

Climb Input Data for Regression Model 
For each climb 

- value of dependent variable 
- value of independent variables 
- predicted area and area re-estimated 

 
 



Climb input data for regression model

tla climb name area ln(area) rating sim rate type S1 S2 S3 map photo road_d road_dd trail_lk trail_qd over_h area_re_est ln(area_re_est)
TW Sideshow 180 5.2 8 3 1 1 0 0 0 0 4.0 0 0.22 1 0 180 5.2
TW Big Top 8 2.2 8 3 1 1 0 0 0 0 4.0 0 0.22 1 0 outlier outlier
TW Exhibition (pa ) 49 3.9 9 3 1 1 0 0 0 0 4.0 0 0.22 1 0 49 3.9
GW Coexistance (s) 135 4.9 19 1 0 0 1 0 0 0 4.3 0 0.35 1 0 135 4.9
MW In the Light "bolted route" (s) 281 5.6 12 4 0 0 1 0 1 0 4.7 0 1.96 0 0 361 5.9
MW Sunshine (s) 281 5.6 9 5 0 0 1 0 1 0 4.7 0 1.96 0 0 350 5.9
MW Moonbeam (s) 281 5.6 9 5 0 0 1 0 1 0 4.7 0 1.96 0 0 350 5.9
MW Decay's Way 281 5.6 7 8 1 1 0 0 1 0 4.7 0 1.96 0 0 98 4.6
MW Top-roper's Route 281 5.6 2 2 1 0 0 0 1 0 4.7 0 1.96 0 0 118 4.8
MW Stay Left (s) 281 5.6 10 6 0 1 0 0 1 0 4.7 0 1.96 0 0 339 5.8
MW Mercy Miss Percy (s) 281 5.6 9 5 0 1 0 0 1 0 4.7 0 1.96 0 0 350 5.9
MW Possum Lips (s) 417 6.0 13 6 0 0 1 0 1 1 4.7 0 1.96 0 0 282 5.6
MW Fuzzy Undercling (s) 417 6.0 15 10 0 0 0 1 1 0 4.7 0 1.96 0 1 446 6.1
MW Tissue Tiger (s) 417 6.0 19 16 0 0 0 1 1 0 4.7 0 1.96 0 1 371 5.9
MW Gung Ho (s) 417 6.0 18 19 0 0 0 1 1 1 4.7 0 1.96 0 1 338 5.8
MW Reliquary (s) 417 6.0 20 14 0 0 0 1 1 0 4.7 0 1.96 0 1 394 6.0
MW Mule (s) 417 6.0 20 14 0 1 0 0 1 0 4.7 0 1.96 0 1 394 6.0
MW The Legend (s) 417 6.0 23 3 0 0 0 1 1 0 4.7 0 1.96 0 1 555 6.3
MW Nagypapa "a project" (s) 417 6.0 24 3 0 0 0 1 1 0 4.7 0 1.96 0 1 555 6.3
MW Stacy's Farewell 0 0.0 5 5 1 0 0 0 1 0 4.7 0 1.96 0 0 0 0.0
MW Henry K's Glasses 0 0.0 13 3 1 1 0 0 1 0 4.7 0 1.96 0 0 0 0.0
MW Forearm Follies (s) 438 6.1 19 16 0 0 1 0 1 0 4.7 0 1.96 0 0 outlier outlier
MW Another Doug Reed Route (s) 438 6.1 15 10 0 0 1 0 1 0 4.7 0 1.96 0 0 outlier outlier
MW Jungle Beat 438 6.1 9 8 1 0 0 1 1 0 4.7 0 1.96 0 0 outlier outlier
MW Things That Go Bump 438 6.1 9 8 1 1 0 0 1 0 4.7 0 1.96 0 0 outlier outlier
MW Thought It Was Bubbles 0 0.0 8 8 1 1 0 0 1 0 4.7 0 1.96 0 0 0 0.0
MW Sailing Shoes 0 0.0 9 8 1 0 0 0 1 0 4.7 0 1.96 0 0 0 0.0
MW Nicorette (s) 253 5.5 18 19 0 0 0 1 1 0 4.7 0 1.96 0 0 155 5.0
MW Nicoderm (s) 253 5.5 19 16 0 0 1 0 1 0 4.7 0 1.96 0 0 170 5.1
MW Minimum Creep (s) 253 5.5 16 14 0 0 1 0 1 0 4.7 0 1.96 0 0 181 5.2
MW Danita Dolores (s) 253 5.5 11 7 0 1 0 0 1 0 4.7 0 1.96 0 0 224 5.4
MW Blade Runner 253 5.5 7 8 1 0 1 0 1 0 4.7 0 1.96 0 1 228 5.4
MW Hurricane Amy (s) 253 5.5 16 14 0 0 1 0 1 1 4.7 0 1.96 0 1 324 5.8
MW Revival (s) 253 5.5 22 7 0 0 0 1 1 0 4.7 0 1.96 0 1 402 6.0
MW Beenestalker 253 5.5 13 3 1 0 1 0 1 1 4.7 0 1.96 0 1 182 5.2
MW Thirsting Skull (s) 253 5.5 20 14 0 0 0 1 1 1 4.7 0 1.96 0 1 324 5.8
MW Jac Mac (s) 253 5.5 17 18 0 0 0 1 1 0 4.7 0 1.96 0 1 286 5.7
MW Rad Boy Go (s) 253 5.5 18 19 0 0 0 1 1 0 4.7 0 1.96 0 1 277 5.6
MW Government Cheese (s) 253 5.5 17 18 0 0 0 1 1 0 4.7 0 1.96 0 1 286 5.7
MW Left Turret (s) 213 5.4 15 10 0 0 1 0 1 0 4.7 0 1.96 0 0 295 5.7
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MW Right Turret (s) 213 5.4 18 19 0 0 1 0 1 0 4.7 0 1.96 0 0 223 5.4
MW Subatomic Fingerlock 213 5.4 10 6 1 0 1 0 1 0 4.7 0 1.96 0 0 122 4.8
MW Beene Material 0 0.0 12 4 1 1 0 0 1 0 4.7 0 1.96 0 0 0 0.0
MW Nothing For Now (s) 166 5.1 18 19 0 0 1 0 1 0 4.7 0 1.96 0 0 120 4.8
MW Bozo's Bogus Booty Biner (s) 166 5.1 16 14 0 0 0 1 1 0 4.7 0 1.96 0 0 141 5.0
MW Special Impetus (s) 166 5.1 19 16 0 0 1 0 1 0 4.7 0 1.96 0 1 237 5.5
MW Green Gully 0 0.0 3 3 1 0 0 0 1 0 4.7 0 1.96 0 0 0 0.0
MW Pink Feat 120 4.8 18 1 1 0 0 1 1 0 4.7 0 1.96 0 0 73 4.3
MW Super Slab (s) 120 4.8 20 14 0 0 0 1 1 0 4.7 0 1.96 0 0 181 5.2
MW All Things Considered (s) 120 4.8 17 18 0 0 0 1 1 0 4.7 0 1.96 0 0 160 5.1
MW G.I. 120 4.8 7 8 1 1 0 0 1 0 4.7 0 1.96 0 0 67 4.2
LF To Defy the Laws and Traditions (s 450 6.1 10 5 0 0 1 0 1 1 4.7 0 1.69 0 0 464 6.1
LF To Many Puppies (s) 450 6.1 18 7 0 0 1 0 1 0 4.7 0 1.69 0 0 436 6.1
LF Fast Food Christian (s) 293 5.7 11 3 0 0 0 0 1 0 4.7 0 1.69 0 0 304 5.7
LF Face Up to That Crack (s) 293 5.7 8 4 0 0 0 1 1 0 4.7 0 1.69 0 0 294 5.7
LF Mr. Bungle (s) 293 5.7 8 4 0 1 0 0 1 0 4.7 0 1.69 0 0 294 5.7
LF Maypop (s) 293 5.7 14 5 0 0 1 0 1 0 4.7 0 1.69 0 0 285 5.7
LF Brother Stair (s) 293 5.7 9 5 0 1 0 0 1 0 4.7 0 1.69 0 0 285 5.7
LF Infectious (s) 560 6.3 19 7 0 0 0 1 1 1 4.7 0 1.69 0 0 560 6.3
LF Unsportsmanlike Conduct 440 6.1 16 2 1 0 1 0 1 0 4.7 0 1.69 0 1 222 5.4
LF Stunning the Hog (s) 440 6.1 21 6 0 0 0 1 1 0 4.7 0 1.69 0 1 558 6.3
LF Sex Farm (s) 440 6.1 19 7 0 0 0 1 1 0 4.7 0 1.69 0 1 541 6.3
LF Aquaduck Pocket (s) 187 5.2 15 5 0 0 1 0 1 1 4.7 0 1.69 0 0 194 5.3
LF Relaxed Atmosphere (s) 187 5.2 16 7 0 0 0 1 1 0 4.7 0 1.69 0 0 183 5.2
LF Third World Lover (s) 187 5.2 16 7 0 0 1 0 1 0 4.7 0 1.69 0 0 183 5.2
LF Hen-ry! (s) 200 5.3 15 5 0 0 1 0 1 0 4.7 0 1.69 0 0 200 5.3
LF Trad Boy Go 0 0.0 14 2 1 0 1 0 1 0 4.7 0 1.69 0 0 0 0.0
LF Table of Colors (s) 500 6.2 23 3 0 0 0 1 1 0 4.7 0 1.69 0 1 544 6.3
LF Mercy, the Huff (s) 500 6.2 20 7 0 0 0 1 1 1 4.7 0 1.69 0 1 480 6.2
LF The Dinosaur (s) 500 6.2 21 6 0 0 1 0 1 0 4.7 0 1.69 0 1 495 6.2
LF Wild, Yet Tasty (s) 500 6.2 18 7 0 0 1 0 1 1 4.7 0 1.69 0 1 480 6.2
DR Frenchburg Overhangs 248 5.5 8 2 1 0 0 1 0 0 8.1 0 1.44 1 1 248 5.5
DR Tom's Route 40 3.7 3 2 1 0 0 0 0 0 8.1 0 1.44 1 0 40 3.7
DR Joe's Route 50 3.9 3 2 1 0 0 0 0 0 8.1 0 1.44 1 0 50 3.9
DR What's Left of the Beeneling 198 5.3 12 1 1 0 1 0 0 1 8.1 0 1.44 1 0 187 5.2
DR The Beeneling 198 5.3 9 2 1 0 1 0 0 1 8.1 0 1.44 1 0 209 5.3
JP Diamond in the Crack 203 5.3 6 2 1 0 0 1 0 0 10.4 1 2.86 1 0 150 5.0
JP Kool Aid 0 0.0 15 1 1 0 1 0 0 0 10.4 1 2.86 1 0 0 0.0
JP Copperhead 274 5.6 6 2 1 1 0 0 0 0 10.4 1 2.86 1 0 274 5.6
TR South of Zimbabwe 0 0.0 13 5 1 0 1 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR Delta Blow 0 0.0 11 10 1 0 0 0 1 0 11.5 1 2.13 0 1 outlier outlier
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TR Anything You Want 165 5.1 9 12 1 1 0 0 1 0 11.5 1 2.13 0 1 outlier outlier
TR Mighty Eidson 165 5.1 4 9 1 1 0 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR The Grunges #1 233 5.5 2 7 1 0 0 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR The Grunges #2 233 5.5 2 7 1 0 0 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR The Grunges #3 233 5.5 2 7 1 0 0 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR Salad Days 170 5.1 6 8 1 1 0 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR Groundhog 170 5.1 3 8 1 1 0 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR Curving Crack 122 4.8 8 12 1 0 1 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR Razor's Edge 122 4.8 9 12 1 1 0 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR Caver's Route 122 4.8 3 8 1 0 0 1 1 0 11.5 1 2.13 0 0 outlier outlier
TR Caver's Excitement 0 0.0 7 11 1 1 0 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR Whimpering Insanity 0 0.0 14 4 1 0 1 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR Shower of Power 90 4.5 10 12 1 0 1 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR The Corner 90 4.5 9 12 1 0 0 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR No Brain, No Pain 90 4.5 12 7 1 1 0 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR Tower Backside 184 5.2 3 8 1 0 1 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR Another Grunge 40 3.7 5 7 1 0 0 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR Blow Me Down 104 4.7 18 1 1 0 1 0 1 0 11.5 1 2.13 0 1 outlier outlier
TR Arachnid 104 4.7 8 12 1 0 0 1 1 1 11.5 1 2.13 0 1 outlier outlier
TR Anti-gravity Acrobatics 104 4.7 10 12 1 0 1 0 1 0 11.5 1 2.13 0 0 outlier outlier
TR Dog Days 180 5.2 8 12 1 0 1 0 1 1 11.5 1 2.13 0 0 outlier outlier
TR Bleak Future 0 0.0 13 5 1 0 0 1 1 0 11.5 1 2.13 0 0 outlier outlier
TR Africa 96 4.6 9 12 1 0 0 1 1 0 11.5 1 2.13 0 0 outlier outlier
TR Madagascar 54 4.0 8 12 1 0 0 0 1 0 11.5 1 2.13 0 0 outlier outlier
LSW Dicey at Best 260 5.6 8 13 1 0 0 1 1 0 12.8 1 0.91 1 0 260 5.6
LSW Stinger 0 0.0 11 5 1 1 0 0 1 0 12.8 1 0.91 1 0 0 0.0
LSW Stratocaster 170 5.1 8 13 1 1 0 0 1 0 12.8 1 0.91 1 0 170 5.1
LSW Good Tang 308 5.7 7 14 1 0 1 0 1 0 12.8 1 0.91 1 0 308 5.7
LSW DAB Chimney 0 0.0 2 4 1 0 0 0 1 0 12.8 1 0.91 1 0 0 0.0
LSW Spider Squat 88 4.5 7 14 1 1 0 0 1 0 12.8 1 0.91 1 0 88 4.5
LSW Pogues Path 101 4.6 0 3 1 1 0 0 1 0 12.8 1 0.91 1 0 107 4.7
LSW Double Caves Crack 101 4.6 3 4 1 1 0 0 1 0 12.8 1 0.91 1 0 95 4.6
LSW Caterpillar Crack 0 0.0 6 12 1 0 0 0 1 0 12.8 1 0.91 1 0 0 0.0
LSW Blue Biner 54 4.0 9 13 1 0 0 1 1 0 12.8 1 0.91 1 0 117 4.8
LSW Lost Dart 100 4.6 2 4 1 0 0 0 1 0 12.8 1 0.91 1 0 111 4.7
LSW Lost Dart Crack 100 4.6 8 13 1 1 0 0 1 0 12.8 1 0.91 1 0 89 4.5
LSW Poison Ivy 0 0.0 8 13 1 1 0 0 1 0 12.8 1 0.91 1 0 0 0.0
LSW That's Enough of This Beene Sh 55 4.0 13 3 1 1 0 0 1 0 12.8 1 0.91 1 0 55 4.0
LSW Eggshell 0 0.0 8 13 1 0 0 0 1 0 12.8 1 0.91 1 1 outlier outlier
LSW Delirium Tremors 70 4.3 5 6 1 0 0 0 1 0 12.8 1 0.91 1 0 70 4.3
LSW 4M climb 49 3.9 11 5 1 0 1 0 1 0 12.8 1 0.91 1 0 49 3.9
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LSW Invasion of the Love Queens 0 0.0 8 13 1 1 0 0 1 0 12.8 1 0.91 1 0 0 0.0
LSW Shattered 75 4.3 6 12 1 0 0 0 1 0 12.8 1 0.91 1 0 75 4.3
LSW Der Kommissar 320 5.8 9 13 1 0 1 0 1 0 12.8 1 0.91 1 1 320 5.8
LSW The Green Wombat 0 0.0 8 13 1 0 0 0 1 0 12.8 1 0.91 1 0 0 0.0
EPB Southern Comfort 0 0.0 8 10 1 1 0 0 1 0 15.1 1 5.21 1 0 0 0.0
EPB Fox Fire 45 3.8 7 9 1 0 1 0 1 0 15.1 1 5.21 1 0 45 3.8
EPB Day Dreaming 102 4.6 9 10 1 0 1 0 1 0 15.1 1 5.21 1 0 118 4.8
EPB Twin Cracks 102 4.6 9 10 1 0 1 0 1 0 15.1 1 5.21 1 0 118 4.8
EPB Pussy Whipped 102 4.6 10 6 1 1 0 0 1 0 15.1 1 5.21 1 0 80 4.4
EPB The Integral 102 4.6 7 9 1 0 0 0 1 0 15.1 1 5.21 1 0 90 4.5
EPB Southern Hospitality 0 0.0 7 9 1 0 0 0 1 0 15.1 1 5.21 1 0 0 0.0
EPB Crude Boys 72 4.3 7 9 1 0 0 0 1 0 15.1 1 5.21 1 0 72 4.3
EPB The Hangover Problem 39 3.7 8 10 1 0 1 0 1 0 15.1 1 5.21 1 0 39 3.7
EPB If My Number's Up 39 3.7 9 10 1 0 1 0 1 0 15.1 1 5.21 1 0 38 3.7
WD Cold Shot (s) 0 0.0 14 1 0 0 1 0 1 0 15.1 1 6.94 1 0 outlier outlier
WD Hair of the Dog 0 0.0 11 10 1 0 1 0 1 0 15.1 1 6.94 1 0 0 0.0
WD Testosterone Testpiece 0 0.0 9 13 1 0 0 0 1 0 15.1 1 6.94 1 0 0 0.0
WD Apehouse 8 13 1 0 0 0 1 0 15.1 1 6.94 1 0 outlier outlier
WD Double Trouble 13 5 1 0 0 1 1 0 15.1 1 6.94 1 0 outlier outlier
WD Gorge Factor 10 121 4.8 9 13 1 1 0 0 1 0 15.1 1 6.94 1 0 121 4.8
WD Anne's Crack 0 0.0 10 11 1 0 0 0 1 0 15.1 1 6.94 1 0 0 0.0
WD F.O. Nazi Art Police 0 0.0 11 10 1 0 0 0 1 0 15.1 1 6.94 1 0 0 0.0
WD Pink Panties Pulldown 0 0.0 7 10 1 0 0 0 1 0 15.1 1 6.94 1 0 outlier outlier
WD Bongo 95 4.6 6 6 1 0 1 0 1 0 15.1 1 6.94 1 0 117 4.8
WD Red River Renaissance 95 4.6 9 13 1 1 0 0 1 0 15.1 1 6.94 1 0 73 4.3
WD New Red River 9 13 1 0 1 0 1 0 15.1 1 6.94 1 1 outlier outlier
WD Campfire Crank (s) 18 1 0 0 1 0 1 0 15.1 1 6.94 1 1 outlier outlier
WD Icy Fresh 15 3 1 1 0 0 1 0 15.1 1 6.94 1 1 outlier outlier
WD Strick 9 9 13 1 0 0 1 1 0 15.1 1 6.94 1 0 outlier outlier
WD Buckeye Testpiece 6 6 1 0 1 0 1 0 15.1 1 6.94 1 0 outlier outlier
WD Toxic Avenger (s) 13 1 0 0 0 1 1 0 15.1 1 6.94 1 0 outlier outlier
WD Chemical Imbalance 0 0.0 15 3 1 0 1 0 1 1 15.1 1 6.94 1 0 0 0.0
WD Must Dihedral 54 4.0 8 13 1 0 0 0 1 0 15.1 1 6.94 1 0 54 4.0
WD Blue Balls 0 0.0 9 13 1 1 0 0 1 0 15.1 1 6.94 1 0 0 0.0
WD Funhouse 84 4.4 7 10 1 0 0 1 1 0 15.1 1 6.94 1 0 84 4.4
SBW Fleshy Headed Mutant 0 0.0 9 5 1 1 0 0 1 0 14.9 1 0.74 1 0 0 0.0
SBW Take Off, Eh 36 3.6 7 5 1 1 0 0 1 0 14.9 1 0.74 1 0 36 3.6
SBW Refraction A 1 0 1 0 1 0 14.9 1 0.74 1 1 outlier outlier
SBW The Great Arch (left) 13 4 1 0 1 0 1 0 14.9 1 0.74 1 1 outlier outlier
SBW Void Direct 80 4.4 15 3 1 0 1 0 1 0 14.9 1 0.74 1 0 75 4.3
SBW Into the Void 80 4.4 12 3 1 0 1 0 1 0 14.9 1 0.74 1 0 85 4.4
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SBW Upstream Swimmer 111 4.7 9 5 1 1 0 0 1 0 14.9 1 0.74 1 0 92 4.5
SBW The Return of Geoff Beene 111 4.7 13 4 1 0 0 1 1 0 14.9 1 0.74 1 0 130 4.9
SBW Guideline 173 5.2 9 5 1 1 0 0 1 0 14.9 1 0.74 1 0 93 4.5
SBW The Hook and the Pendulum (s) 173 5.2 11 1 0 0 1 0 1 0 14.9 1 0.74 1 0 253 5.5
SBW Icarus 360 5.9 9 5 1 1 0 0 1 0 14.9 1 0.74 1 1 outlier outlier
SBE No Return 0 0.0 9 7 1 0 1 0 1 0 14.9 1 0.80 1 0 0 0.0
SBE Commencement (s) 188 5.2 17 14 0 0 0 1 1 0 14.9 1 0.80 1 0 188 5.2
SBE Corpus Delicti (s) 188 5.2 17 14 0 0 1 0 1 0 14.9 1 0.80 1 0 188 5.2
SBE Ex Post Facto 0 0.0 11 6 1 1 0 0 1 0 14.9 1 0.80 1 0 0 0.0
SBE Outback 0 0.0 9 7 1 0 0 0 1 0 14.9 1 0.80 1 0 0 0.0
SBE The Underling 208 5.3 9 7 1 0 1 0 1 0 14.9 1 0.80 1 1 243 5.5
SBE What's Right With the Underling ? ( 208 5.3 18 14 0 0 0 1 1 1 14.9 1 0.80 1 1 233 5.5
SBE Out On a Limb (s) 208 5.3 20 6 0 0 1 0 1 0 14.9 1 0.80 1 1 299 5.7
SBE King Me (s) 208 5.3 15 10 0 0 0 1 1 1 14.9 1 0.80 1 1 264 5.6
SBE Right On, Solid, and Far Out 208 5.3 A 1 0 0 1 1 0 14.9 1 0.80 1 1 outlier outlier
SBE The Learning Curve crack with anch 334 5.8 18 1 1 0 0 1 1 0 14.9 1 0.80 1 1 298 5.7
SBE Inhibitor 334 5.8 14 2 1 0 0 1 1 1 14.9 1 0.80 1 1 346 5.9
SBE Nolo Contendere (s) 334 5.8 18 14 0 0 1 0 1 0 14.9 1 0.80 1 1 345 5.8
SBE Unknown (Sky Bridge Ridge, 5.11d 334 5.8 17 14 0 1 0 0 1 0 14.9 1 0.80 1 1 345 5.8
SBE The Big Bang 61 4.1 12 4 1 1 0 0 1 0 14.9 1 0.80 1 0 45 3.8
SBE Doppler Effect 61 4.1 11 6 1 0 0 1 1 0 14.9 1 0.80 1 0 76 4.3
SBE Dave the Dude (s) 80 4.4 17 14 0 0 1 0 1 1 14.9 1 0.80 1 0 80 4.4
SBE Drop the Anchor (s) 180 5.2 8 1 0 0 1 0 1 0 14.9 1 0.80 1 0 180 5.2
SBE Heavy Weather 265 5.6 A 1 1 0 0 1 0 14.9 1 0.80 1 1 outlier outlier
SBE Soul Ram (s) 265 5.6 19 13 0 0 0 1 1 0 14.9 1 0.80 1 1 529 6.3
SBE Good Times 116 4.8 8 5 1 0 0 1 1 0 14.9 1 0.80 1 0 129 4.9
SBE The Rifleman (s) 116 4.8 19 13 0 0 1 0 1 0 14.9 1 0.80 1 0 142 5.0
SBE Old Friends 116 4.8 8 5 1 1 0 0 1 0 14.9 1 0.80 1 0 78 4.4
SBE Martin Rides Again (s) 140 4.9 17 14 0 0 1 0 1 0 14.9 1 0.80 1 0 124 4.8
SBE Super Dario (s) 140 4.9 16 12 0 0 0 1 1 0 14.9 1 0.80 1 0 132 4.9
SBE Unknown (Sky Bridge Ridge, 5.12a 140 4.9 18 14 0 0 1 0 1 0 14.9 1 0.80 1 0 124 4.8
SBE Jack in the Pulpit (s) 140 4.9 13 2 0 0 0 1 1 0 14.9 1 0.80 1 0 180 5.2
SBE Fungus Fantasy 108 4.7 5 1 1 0 0 0 1 0 14.9 1 0.80 1 0 108 4.7
SBE Physical Graffiti (s) 344 5.8 17 14 0 0 1 0 1 0 14.9 1 0.80 1 0 344 5.8
SBE Sick Puppies (s) 360 5.9 17 14 0 0 0 1 1 0 14.9 1 0.80 1 1 360 5.9
FRC Scary Monsters and Super Freaks 100 4.6 11 8 1 1 0 0 1 0 14.2 1 4.59 1 0 100 4.6
FRC Unknown (Funk Rock City, A1) 152 5.0 A 1 0 1 0 1 0 14.2 1 4.59 1 0 outlier outlier
FRC Frugal Chariot (s) 207 5.3 18 9 0 0 0 1 1 0 14.2 1 4.59 1 0 250 5.5
FRC Smokin' Joe (s) 207 5.3 15 6 0 0 1 0 1 0 14.2 1 4.59 1 0 275 5.6
FRC Unknown (Funk Rock City, 5.8) 207 5.3 8 10 1 1 0 0 1 0 14.2 1 4.59 1 0 95 4.6
FRC The Infidel (s) 173 5.2 17 9 0 0 0 1 1 0 14.2 1 4.59 1 0 220 5.4
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FRC Just Another Trad Route 173 5.2 9 9 1 1 0 0 1 0 14.2 1 4.59 1 0 80 4.4
FRC Go Easy Billy Clyde! (s) 173 5.2 18 9 0 0 0 1 1 0 14.2 1 4.59 1 0 220 5.4
FRC Goodstone 67 4.2 14 2 1 0 1 0 1 1 14.2 1 4.59 1 0 56 4.0
FRC Cruising Lane 67 4.2 10 10 1 0 0 1 1 1 14.2 1 4.59 1 0 76 4.3
FRC Rite of Passage 67 4.2 9 9 1 0 1 0 1 1 14.2 1 4.59 1 0 68 4.2
FRC Local Color 0 0.0 11 8 1 1 0 0 1 0 14.2 1 4.59 1 0 0 0.0
FRC Veldhaus Route 0 0.0 8 10 1 1 0 0 1 0 14.2 1 4.59 1 0 0 0.0
FRC Eye of the Needle (s) 90 4.5 15 6 0 0 1 0 1 0 14.2 1 4.59 1 0 118 4.8
FRC Sparky Goes Crack Climbing 90 4.5 6 3 1 0 1 0 1 0 14.2 1 4.59 1 0 62 4.1
FRC Manic Impression (s) 208 5.3 10 2 0 0 0 1 1 1 14.2 1 4.59 1 0 276 5.6
FRC Trad Wagon 208 5.3 9 9 1 1 0 0 1 0 14.2 1 4.59 1 0 81 4.4
FRC Funkadelic (s) 208 5.3 11 3 0 0 0 1 1 1 14.2 1 4.59 1 0 267 5.6
FRC Flashlight (s) 0 0.0 20 8 0 0 1 0 1 0 14.2 1 4.59 1 1 outlier outlier
FRC Appalachian Spring (s) 120 4.8 22 4 0 0 0 1 1 0 14.2 1 4.59 1 0 127 4.9
FRC Seppuku (s) 120 4.8 20 8 0 0 0 1 1 0 14.2 1 4.59 1 0 113 4.7
FRC There Goes the Neighborhood (s) 150 5.0 16 9 0 0 0 1 1 0 14.2 1 4.59 1 0 150 5.0
FRC Orange Juice (s) 189 5.2 20 8 0 0 0 1 1 0 14.2 1 4.59 1 0 189 5.2
FRC Red Hot Chili Pepper (s) 73 4.3 13 5 0 0 1 0 1 0 14.2 1 4.59 1 0 93 4.5
FRC Headstone Surfer 73 4.3 12 5 1 0 0 1 1 1 14.2 1 4.59 1 0 44 3.8
FRC Hardcore Jollies (s) 73 4.3 18 9 0 0 1 0 1 0 14.2 1 4.59 1 0 82 4.4
FRC Prime Directive (s) 136 4.9 15 6 0 0 0 1 1 0 14.2 1 4.59 1 0 136 4.9
FRC Up Swift Creek Without a Paddle 54 4.0 9 9 1 0 1 0 1 0 14.2 1 4.59 1 0 54 4.0
FRC Armageddon 0 0.0 A 1 0 1 0 1 0 14.2 1 4.59 1 0 outlier outlier
FRC Glory Be (s) 198 5.3 18 9 0 0 0 1 1 0 14.2 1 4.59 1 0 198 5.3
CSC Store (s) 263 5.6 12 1 0 0 0 1 0 0 14.2 1 0.55 1 1 263 5.6
CSC Camp (s) 263 5.6 17 1 0 0 0 1 0 0 14.2 1 0.55 1 1 263 5.6
PA Adrenalin 160 5.1 13 1 1 0 1 0 1 0 14.8 1 1.84 0 0 160 5.1
PA Ripp-Off 131 4.9 6 4 1 0 1 0 1 0 14.8 1 1.84 0 0 136 4.9
PA Face Farce 131 4.9 8 6 1 0 1 0 1 0 14.8 1 1.84 0 0 126 4.8
PA Golden Fleece 0 0.0 6 4 1 1 0 0 1 0 14.8 1 1.84 0 0 0 0.0
PA Finger Filet 0 0.0 8 6 1 1 0 0 1 0 14.8 1 1.84 0 0 0 0.0
PA What a Maroon 0 0.0 10 4 1 1 0 0 1 0 14.8 1 1.84 0 0 0 0.0
PA 3D 0 0.0 9 4 1 0 1 0 1 0 14.8 1 1.84 0 0 0 0.0
DBH Fingers 150 5.0 9 2 1 1 0 0 0 0 4.5 0 2.21 0 0 125 4.8
DBH Iron Cross 150 5.0 10 2 1 1 0 0 0 0 4.5 0 2.21 0 0 120 4.8
DBH Green Corner 150 5.0 4 2 1 0 1 0 0 0 4.5 0 2.21 0 0 214 5.4
DBH Crackadile 150 5.0 6 2 1 1 0 0 0 0 4.5 0 2.21 0 0 140 4.9
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Appendix IV. 
 

Impact Area Summary from Regression Model 
Impact area for all measured climbs 

- sorted by area 
- sorted by type (sport and trad) 



impact area summary

Sport area Traditional area
crag climb name re_est crag climb name re_est

Military Wall Another Doug Reed Route (s) 648

Left Flank Infectious (s) 560
Military Wall The Legend (s) 555
Military Wall Nagypapa "a project" (s) 555
Left Flank Stunning the Hog (s) 552
Left Flank Table of Colors (s) 544
Military Wall Forearm Follies (s) 538
Left Flank Sex Farm (s) 535
Sky Bridge Rdg-E Soul Ram (s) 529

Left Flank The Dinosaur (s) 495
Left Flank Mercy, the Huff (s) 480
Left Flank Wild, Yet Tasty (s) 480
Left Flank To Defy the Laws and Traditions (s). 464
Military Wall Fuzzy Undercling (s) 447
Left Flank To Many Puppies (s) 436
Military Wall Revival (s) 400

Military Wall Reliquary (s) 395 Sky Bridge Rdg-W Icarus 360
Military Wall Mule (s) 395 Sky Bridge Rdg-E Inhibitor 349
Military Wall Tissue Tiger (s) 371 Lower Small Wall Der Kommissar 320
Sky Bridge Rdg-E Sick Puppies (s) 360 Military Wall Jungle Beat 315
Military Wall In the Light "bolted route" (s) 358 Lower Small Wall Good Tang 308
Military Wall Sunshine (s) 347 Sky Bridge Rdg-E The Learning Curve crack with anch 300
Military Wall Moonbeam (s). 347
Military Wall Mercy Miss Percy (s). 347
Sky Bridge Rdg-E Physical Graffiti (s) 344
Sky Bridge Rdg-E Nolo Contendere (s) 343
Sky Bridge Rdg-E Unknown (Sky Bridge Ridge, 5.11d) (s) 343
Military Wall Gung Ho (s) 338
Military Wall Stay Left (s) 336
Military Wall Hurricane Amy (s) 322
Military Wall Thirsting Skull (s) 322
Left Flank Fast Food Christian (s) 304

Sky Bridge Rdg-E Out On a Limb (s) 295 Jewel Pinnacle Copperhead. 274
Military Wall Left Turret (s) 294 Lower Small Wall Dicey at Best. 260
Left Flank Face Up to That Crack (s). 294 Sky Bridge Rdg-E The Underling 253
Left Flank Mr. Bungle (s). 294 Military Wall Things That Go Bump 251
Left Flank Maypop (s) 285 Duncan Rock Frenchburg Overhangs 248
Left Flank Brother Stair (s). 285 Military Wall Blade Runner 241
Military Wall Jac Mac (s) 284 Tower Rock The Grunges #1 233
Military Wall Government Cheese (s) 284 Tower Rock The Grunges #2 233
Military Wall Possum Lips (s) 279 Tower Rock The Grunges #3 233
Military Wall Rad Boy Go (s) 276 Left Flank Unsportsmanlike Conduct 233
Funk Rock City Manic Impression (s) 265 Tower Rock Anything You Want 224
Camp Store Crag Store (s) 263 Duncan Rock The Beeneling 209
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Camp Store Crag Camp (s) 263 Jewel Pinnacle Diamond in the Crack. 203
Funk Rock City Smokin' Joe (s) 262
Sky Bridge Rdg-E King Me (s) 261
Funk Rock City Funkadelic (s) 257
Funk Rock City Frugal Chariot (s) 239
Military Wall Special Impetus (s) 238
Sky Bridge Rdg-W The Hook and the Pendulum (s) 236
Sky Bridge Rdg-E What's Right With the Underling ? (s) 230
Military Wall Right Turret (s) 223
Military Wall Danita Dolores (s) 221
Funk Rock City The Infidel (s) 209
Funk Rock City Go Easy Billy Clyde! (s) 209
Left Flank Hen-ry! (s) 200

Funk Rock City Glory Be (s) 198 Military Wall Beenestalker 192
Left Flank Aquaduck Pocket (s) 194 Duncan Rock What's Left of the Beeneling 187
Funk Rock City Orange Juice (s) 189 Tower Rock Tower Backside. 184
Sky Bridge Rdg-E Commencement (s) 188 D. Boone Hut Crag Green Corner. 182
Sky Bridge Rdg-E Corpus Delicti (s) 188 Tower Rock Dog Days 180
Left Flank Relaxed Atmosphere (s) 183 Tunnel Wall Sideshow 180
Left Flank Third World Lover (s) 183 Tower Rock Groundhog. 179
Sky Bridge Rdg-E Drop the Anchor (s). 180 Lower Small Wall Stratocaster 170
Sky Bridge Rdg-E Jack in the Pulpit (s) 180 Tower Rock Arachnid. 162
Military Wall Minimum Creep (s) 178 Princess Arch Adrenalin 160
Military Wall Super Slab (s) 175 Tower Rock Salad Days. 160
Military Wall Nicoderm (s) 167 Tower Rock Caver's Route. 154
Military Wall All Things Considered (s) 154 D. Boone Hut Crag Crackadile. 151
Military Wall Nicorette (s) 152 Princess Arch Ripp-Off 136
Funk Rock City There Goes the Neighborhood (s) 150 D. Boone Hut Crag Fingers 135
Military Wall Bozo's Bogus Booty Biner (s) 140 D. Boone Hut Crag Iron Cross 130
Funk Rock City Prime Directive (s) 136 Princess Arch Face Farce 126
Sky Bridge Rdg-E The Rifleman (s) 135 Military Wall Decay's Way 124
Gray's Wall Coexistance (s) 135 Military Wall Subatomic Fingerlock 123
Sky Bridge Rdg-E Super Dario (s) 132 Wall of Denial Gorge Factor 10 121
Funk Rock City Appalachian Spring (s) 127 Funk Rock City Unknown (Funk Rock City, 5.8) 120
Sky Bridge Rdg-E Martin Rides Again (s) 124 Sky Bridge Rdg-E Good Times 118
Sky Bridge Rdg-E Unknown (Sky Bridge Ridge, 5.12a) (s) 124 Sky Bridge Rdg-W The Return of Geoff Beene 115
Military Wall Nothing For Now (s) 120 Eagle Pt Buttress Day Dreaming 114
Funk Rock City Eye of the Needle (s) 116 Eagle Pt Buttress Twin Cracks 114
Funk Rock City Seppuku (s) 113 Tower Rock Curving Crack 113

Sky Bridge Rdg-W Guideline 110
Military Wall Top-roper's Route 109
Sky Bridge Rdg-E Fungus Fantasy 108
Tower Rock Shower of Power 108
Sky Bridge Rdg-W Upstream Swimmer 107
Lower Small Wall Pogues Path. 107
Tower Rock Mighty Eidson. 106
Wall of Denial Bongo. 106
Lower Small Wall Lost Dart Crack 105
Funk Rock City Trad Wagon 103
Funk Rock City Just Another Trad Route 101
Funk Rock City Scary Monsters and Super Freaks 100

Funk Rock City Red Hot Chili Pepper (s) 93 Tower Rock Blow Me Down 98
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Funk Rock City Hardcore Jollies (s) 82 Eagle Pt Buttress Pussy Whipped 98
Sky Bridge Rdg-E Dave the Dude (s) 80 Tower Rock Razor's Edge 98

Tower Rock Africa 96
Lower Small Wall Lost Dart 95
Lower Small Wall Double Caves Crack. 95
Sky Bridge Rdg-E Old Friends 94
Tower Rock No Brain, No Pain 90
Lower Small Wall Spider Squat 88
Sky Bridge Rdg-W Into the Void 85
Wall of Denial Red River Renaissance. 84
Wall of Denial Funhouse. 84
Military Wall G.I 83
Eagle Pt Buttress The Integral 80
Sky Bridge Rdg-W Void Direct 75
Lower Small Wall Shattered 75
Funk Rock City Cruising Lane 74
Tower Rock The Corner 73
Eagle Pt Buttress Crude Boys 72
Lower Small Wall Delirium Tremors 70
Funk Rock City Rite of Passage 69
Sky Bridge Rdg-E Doppler Effect 68
Military Wall Pink Feat 68
Funk Rock City Sparky Goes Crack Climbing 64
Funk Rock City Goodstone 57
Lower Small Wall That's Enough of This Beene Sh 55
Tower Rock Madagascar 54
Lower Small Wall Blue Biner 54
Wall of Denial Must Dihedral 54
Funk Rock City Up Swift Creek Without a Paddle 54
Sky Bridge Rdg-E The Big Bang 53
Tower Rock Anti-gravity Acrobatics 52
Duncan Rock Joe's Route 50
Tunnel Wall Exhibition (pa ) 49
Lower Small Wall 4M climb 49
Eagle Pt Buttress Fox Fire. 45
Funk Rock City Headstone Surfer 44
Tower Rock Another Grunge 40
Duncan Rock Tom's Route 40
Eagle Pt Buttress The Hangover Problem 39
Eagle Pt Buttress If My Number's Up 38
Sky Bridge Rdg-W Take Off, Eh 36
Tunnel Wall Big Top 8

Wall of Denial Cold Shot (s) 0 Military Wall Stacy's Farewell 0
Funk Rock City Flashlight (s) 0 Military Wall Henry K's Glasses 0

Military Wall Thought It Was Bubbles 0
Military Wall Sailing Shoes 0
Military Wall Beene Material 0
Military Wall Green Gully 0
Left Flank Trad Boy Go 0
Jewel Pinnacle Kool Aid 0
Tower Rock South of Zimbabwe 0
Tower Rock Delta Blow 0
Tower Rock Caver's Excitement 0
Tower Rock Whimpering Insanity 0
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Tower Rock Bleak Future 0
Lower Small Wall Stinger 0
Lower Small Wall DAB Chimney. 0
Lower Small Wall Caterpillar Crack. 0
Lower Small Wall Poison Ivy 0
Lower Small Wall Invasion of the Love Queens 0
Lower Small Wall The Green Wombat 0
Eagle Pt Buttress Southern Comfort 0
Eagle Pt Buttress Southern Hospitality 0
Wall of Denial Hair of the Dog 0
Wall of Denial Testosterone Testpiece 0
Wall of Denial Anne's Crack 0
Wall of Denial F.O. Nazi Art Police 0
Wall of Denial Chemical Imbalance 0
Wall of Denial Blue Balls 0
Sky Bridge Rdg-W Fleshy Headed Mutant 0
Sky Bridge Rdg-E No Return 0
Sky Bridge Rdg-E Ex Post Facto 0
Sky Bridge Rdg-E Outback 0
Funk Rock City Local Color 0
Funk Rock City Veldhaus Route 0
Funk Rock City Armageddon 0
Princess Arch Golden Fleece 0
Princess Arch Finger Filet 0
Princess Arch What a Maroon 0
Princess Arch 3D 0

Wall of Denial Campfire Crank (s) unk Lower Small Wall Eggshell unk
Wall of Denial Toxic Avenger (s) unk Wall of Denial Apehouse unk

Wall of Denial Double Trouble unk
Wall of Denial Pink Panties Pulldown unk
Wall of Denial New Red River unk
Wall of Denial Icy Fresh unk
Wall of Denial Strick 9. unk
Wall of Denial Buckeye Testpiece. unk
Sky Bridge Rdg-W Refraction unk
Sky Bridge Rdg-W The Great Arch (left) unk
Sky Bridge Rdg-E Right On, Solid, and Far Out unk
Sky Bridge Rdg-E Heavy Weather unk
Funk Rock City Unknown (Funk Rock City, A1) unk
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Appendix V. 
 

Climbs Not Measured— Predicted Area of Impact 
Input data and prediction for each climb 



climbs not measured- predicted area of impact

R C crag N climb name rating sim rate type S1 S2 S3 trail_lk trail_qd over_h predicted area crag area
1 2 Tunnel Wall 3 No Doz 4 1 1 0 0 0.22 1 0 120
1 2 Tunnel Wall 4 Black Death 15 1 1 0 0 0.22 1 1 203
1 2 Tunnel Wall 5 Negative Energy 17 1 1 0 0 0.22 1 1 188 511
1 3 Gray's Wall 9 On the Road 9 1 0 1 0 0.35 1 0 110
1 3 Gray's Wall 10 Hang Over 7 1 0 0 0 0.35 1 0 77
1 3 Gray's Wall 11 Never Again 9 1 0 0 0 0.35 1 0 71 259
1 4 Military Wall 46 Armed Forces 3 1 0 0 0 1.96 0 0 82
1 4 Military Wall 47 Etrier (s) 19 12 0 0 1 0 1.96 0 1 404
1 4 Military Wall 48 Daisychain (s) 20 14 0 0 1 0 1.96 0 1 380 866
1 6 Raven Rock 1 Nevermore 9 1 0 1 0 6.30 1 0 79
1 6 Raven Rock 2 Flying Circus 13 1 0 1 0 6.30 1 1 175
1 6 Raven Rock 3 Groveling Earthworm 13 1 1 0 0 6.30 1 0 61
1 6 Raven Rock 4 Ravin' Maniac 9 1 1 0 0 6.30 1 0 71
1 6 Raven Rock 5 Macabre Poetry 11 1 1 0 0 6.30 1 0 66
1 6 Raven Rock 6 Premature Burial 7 1 1 0 0 6.30 1 0 77
1 6 Raven Rock 7 Dead of Winter 11 1 0 1 0 6.30 1 0 74 603
3 4 Sassafras Rock 1 Sassafrass Tease 8 1 0 1 0 1.40 1 108
3 5 Sassafras Rock 2 Huevos Grandes 11 1 1 0 0 1.40 1 86 194
3 6 Mariba Fork 1 Laceration 4 1 0 1 0 2.00 1 122
3 6 Mariba Fork 2 Reach the Beach 9 1 1 0 0 2.00 1 90
3 6 Mariba Fork 3 The Mayor 10 1 1 0 0 2.00 1 87
3 6 Mariba Fork 4 Synergy 7 1 0 1 0 2.00 1 109
3 6 Mariba Fork 5 Leo 5 1 0 0 0 2.00 1 76
3 6 Mariba Fork 6 Rock Lobster 8 1 1 0 0 2.00 1 94
3 6 Mariba Fork 7 Heartbreak of Psoriasis 4 1 1 0 0 2.00 1 109
3 6 Mariba Fork 8 The Gauntlet 10 1 0 1 0 2.00 1 97
3 6 Mariba Fork 9 One Thing Leads to Another 8 1 1 0 0 2.00 1 94
3 6 Mariba Fork 10 Second Thoughts 8 1 1 0 0 2.00 1 94 970
4 1 Wolfpen 1 Wishbone 12 1 0 1 0 2.00 1 90
4 1 Wolfpen 2 where's Carmen 8 1 0 0 0 2.40 1 66
4 1 Wolfpen 3 Time Avenger 9 1 0 0 0 2.40 1 64
4 1 Wolfpen 4 The Onyx 11 1 0 0 1 2.40 1 102
4 1 Wolfpen 5 The Conditioner 8 1 1 0 0 2.40 1 92 414
4 2 Pinch-em Tight 1 Cold Feet 4 1 0 0 0 3.70 1 72
4 2 Pinch-em Tight 2 Bungle Through the Jungle 6 1 0 0 0 3.70 1 67
4 2 Pinch-em Tight 3 Duke's Day 6 1 0 1 0 3.70 1 103
4 2 Pinch-em Tight 4 Orangutan 8 1 1 0 0 3.70 1 85 326
4 3 Window Wall 1 Window Pain 7 1 0 0 0 0.90 1 75
4 3 Window Wall 2 Orange Sunshine 7 1 0 0 0 0.90 1 75
4 3 Window Wall 3 Blue Unicorn 7 1 0 0 0 0.90 1 75
4 3 Window Wall 4 Nerd Gate 7 1 0 0 0 0.90 1 75 299
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4 4 Sheltoee Wall 1 B.S. 15 1 0 0 0 1.10 1 55 55
4 5 Cloud Splitter 1 Hobnoblin 7 1 0 1 0 1.20 1 113
4 5 Cloud Splitter 2 Sebacious Crack 8 1 0 1 0 1.20 1 109 223
4 6 Adena Wall 1 Logical Conclusion 9 1 1 0 0 1.60 1 92
4 6 Adena Wall 2 Data Dump 11 1 0 1 0 1.60 1 95 187
4 7 Staircase Wall 1 Here Comes Batman 16 1 0 0 1 4.70 1 75
4 7 Staircase Wall 2 Robin's Revenge 9 1 0 1 0 4.70 1 87 161
4 8 Gladie Rock 1 The Eagle's Gift 9 1 0 1 0 6.30 1 79 79
4 10 Tower Rock 1 Crankenstein 11 1 0 1 0 3.00 1 88
4 10 Tower Rock 2 Courtesy Cringe 8 1 1 0 0 3.00 1 89
4 10 Tower Rock 3 The Cutting Board 16 1 1 0 0 3.00 1 65
4 10 Tower Rock 4 Tower Rock Pinnacle 6 1 0 0 0 3.00 1 69 311
4 12 Middle Small Wall 1 The Quest 12 1 0 0 1 0.90 1 0 107
4 12 Middle Small Wall 2 Which Way is Up 13 1 1 0 0 0.90 1 1 211
4 12 Middle Small Wall 3 Basecamp 15 1 0 0 1 0.90 1 1 245
4 12 Middle Small Wall 4 Hidey-Ho 10 1 0 1 0 0.90 1 0 103
4 12 Middle Small Wall 5 Investigator 7 1 1 0 0 0.90 1 0 103
4 12 Middle Small Wall 6 Lactic Acid 9 1 1 0 0 0.90 1 0 96
4 12 Middle Small Wall 7 Handjob 9 1 0 1 0 0.90 1 0 107
4 12 Middle Small Wall 8 Marmalade 9 1 1 0 0 0.90 1 0 96
4 12 Middle Small Wall 9 Layback Crack 8 1 0 1 0 0.90 1 0 111
4 12 Middle Small Wall 10 Devine Climb 8 1 1 0 0 0.90 1 0 99
4 12 Middle Small Wall 11 Spiderweb Tearoom 8 1 1 0 0 0.90 1 0 99
4 12 Middle Small Wall 12 Mickey Mantle 6 1 0 0 0 0.90 1 0 78
4 12 Middle Small Wall 13 Mantlepiece 12 1 0 1 0 0.90 1 0 95 1550
4 13 Upper Small Wall 1 Cliff Hanger 6 1 0 1 0 0.90 1 120
4 13 Upper Small Wall 2 Bumblebee Junction 5 1 0 0 0 0.90 1 81 200
4 14 Hen's Nest 1 Lip Appeal 11 1 1 0 0 3.90 1 0 75
4 14 Hen's Nest 2 Mr. Freeze 14 1 1 0 0 3.90 1 1 172
4 14 Hen's Nest 3 Wrong Crack 8 1 0 0 0 3.90 1 61
4 14 Hen's Nest 4 Right Crack 8 1 1 0 0 3.90 1 84
4 14 Hen's Nest 5 Lunatic Fringe 8 1 0 1 0 3.90 1 94
4 14 Hen's Nest 6 Daydreams and Nightmares (s) 14 1 0 0 0 0 3.90 1 0 212
4 14 Hen's Nest 7 Finger Lickin' Good 12 1 0 1 0 3.90 1 0 81
4 14 Hen's Nest 8 Sultans of Stem 9 1 0 1 0 3.90 1 91
4 14 Hen's Nest 9 Close to the Edge 10 1 0 1 0 3.90 1 0 87
4 14 Hen's Nest 10 The Edge 15 1 1 0 0 3.90 1 65
4 14 Hen's Nest 11 Atomic Café 12 1 1 0 0 3.90 1 0 72
4 14 Hen's Nest 12 Masters of the Universe 9 1 1 0 0 3.90 1 1 208
4 14 Hen's Nest 13 Fingers in a Light Socket 16 1 0 1 0 3.90 1 0 69
4 14 Hen's Nest 14 Astro Flex 10 1 0 1 0 3.90 1 0 87
4 14 Hen's Nest 15 Planet Waves 9 1 1 0 0 3.90 1 81
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4 14 Hen's Nest 16 Mindy 5 1 0 0 0 3.90 1 68
4 14 Hen's Nest 17 Starship Tropper 9 1 1 0 0 3.90 1 81
4 14 Hen's Nest 18 Gold Digger 9 1 0 0 0 3.90 1 59 1749
5 1 Moonshiner's Wall 1 Ten Years After 5 1 1 0 0 1.20 1 0 110
5 1 Moonshiner's Wall 2 Sweathog 4 1 0 0 0 1.20 1 0 82
5 1 Moonshiner's Wall 3 Miss Floppy Chops 4 1 1 0 0 1.20 1 0 114 306
5 2 Doorish Wall 1 To Hawaii in Open Row Boat 15 1 1 0 0 3.20 1 67
5 2 Doorish Wall 2 The Pinnacle of Pete 7 1 0 0 0 3.20 1 66
5 2 Doorish Wall 3 Mirk Wood 7 1 0 0 0 3.20 1 66
5 2 Doorish Wall 4 Metaphysical Angst 9 1 0 0 0 3.20 1 61
5 2 Doorish Wall 5 Maltese Falcon 9 1 0 0 0 3.20 1 61
5 2 Doorish Wall 6 Laura and George's Most .. 6 1 0 0 0 3.20 1 68
5 2 Doorish Wall 7 Simply Red 9 1 0 0 0 3.20 1 61
5 2 Doorish Wall 8 Femme Fatale 11 1 1 0 0 3.20 1 78
5 2 Doorish Wall 9 The Archer Route 8 1 1 0 0 3.20 1 88
5 2 Doorish Wall 10 Everything But the Girl 9 1 0 0 0 3.20 1 61 677
5 5 Woody's Wall 1 The Art of Crazy 4 1 0 0 0 3.20 1 74
5 6 Woody's Wall 2 Rack Attack 11 1 1 0 0 3.20 1 78
5 7 Woody's Wall 3 Hemlock Twilight 9 1 1 0 0 3.20 1 84
5 8 Woody's Wall 4 Battle Cry 15 1 1 0 0 3.20 1 67
5 9 Woody's Wall 5 The Color of Hugh 15 1 1 0 0 3.20 1 67
5 10 Woody's Wall 6 Friendly Little Fingers 12 1 1 0 0 3.20 1 75
5 11 Woody's Wall 7 Plight of Parted Lovers 9 1 0 1 0 3.20 1 94
5 12 Woody's Wall 8 The Architecture of Climb 11 1 0 1 0 3.20 1 87
5 13 Woody's Wall 9 Dog Without a Leash 15 1 1 0 0 3.20 1 67
5 14 Woody's Wall 10 Dirty Dick 7 1 1 0 0 3.20 1 91
5 15 Woody's Wall 11 Captain Static 9 1 1 0 0 3.20 1 84
5 16 Woody's Wall 12 Thin Pinchin' 9 1 1 0 0 3.20 1 84
5 17 Woody's Wall 13 The Awful Width 8 1 0 0 0 3.20 1 63
5 18 Woody's Wall 14 There's Nothing Like ….. 9 1 1 0 0 3.20 1 84 1102
6 1.5 Sky Bridge Rdg-E 18 Jack the Ripper 16 1 0 0 1 0.80 1 0 92 92
6 4 Buzzard's Roost 1 Buzzard's Roost South 7 1 1 0 0 0.00 1 109
6 4 Buzzard's Roost 2 TDK 4 1 0 0 0 0.00 1 88
6 4 Buzzard's Roost 3 Buzzard's Rost North 8 1 0 0 0 0.00 1 76 272
6 6 Wildcat Wall 1 Reciprocity Failure 9 1 1 0 0 9.50 0 60
6 6 Wildcat Wall 2 Ten Pin 11 1 1 0 0 9.50 0 55
6 6 Wildcat Wall 3 Spinal Column 7 1 1 0 0 9.50 0 64
6 6 Wildcat Wall 4 Close To Being Tricky 6 1 1 0 0 9.50 0 67
6 6 Wildcat Wall 5 Shiner 8 1 1 0 0 9.50 0 62 308
6 7 Rough Trail 1 Day's 5.9 9 1 0 0 0 0.50 0 71 71
6 8 Half Moon 1 Fallout 10 1 0 1 0 2.50 0 0 94
6 8 Half Moon 3 Initiation 3 1 0 0 0 2.50 0 0 80
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6 8 Half Moon 4 Eclipse 9 1 1 0 0 2.50 0 0 88
6 8 Half Moon 5 Honeymoon 10 1 1 0 0 2.50 0 0 84
6 8 Half Moon 6 Waning Moon 9 1 1 0 0 2.50 0 0 88
6 8 Half Moon 7 Full Moon 7 1 0 0 1 2.50 0 0 118
6 8 Half Moon 8 Meteor Fall 9 1 1 0 0 2.50 0 0 88
6 8 Half Moon 9 Meteor Maker 10 1 1 0 0 2.50 0 0 84
6 8 Half Moon 10 Rockhouse 4 1 1 0 0 2.50 0 0 106
6 8 Half Moon 11 Ron's Garden 6 1 0 0 0 2.50 0 0 71
6 8 Half Moon 12 Scared S-less 6 1 0 1 0 2.50 0 0 110
6 8 Half Moon 13 It Ain't Over Yet 8 1 0 0 0 2.50 0 0 66
6 8 Half Moon 14 Bob's Moon 11 1 1 0 0 2.50 0 0 81 1158
6 9 Princess Arch 1 Beginner's Nightmare 1 1 1 0 0 1.84 1 0 123 123
6 10 Chimney Top 1 Hamburger 11 1 1 0 0 2.30 0 0 82
6 10 Chimney Top 2 Last Day 12 1 0 1 0 2.30 0 0 88
6 10 Chimney Top 3 Check Canopy 7 1 0 1 0 2.30 0 0 107
6 10 Chimney Top 4 Dirty Crack 7 1 0 0 0 2.30 0 0 69
6 10 Chimney Top 5 Zig-zag 6 1 0 0 0 2.30 0 0 72
6 10 Chimney Top 6 Chimney Direct 7 1 1 0 0 2.30 0 0 96
6 10 Chimney Top 7 Chimney Direct Direct 7 1 1 0 0 2.30 0 0 96
6 10 Chimney Top 8 Chimney's Chimney 2 1 1 0 0 2.30 0 0 116
6 10 Chimney Top 9 The Prow 12 1 1 0 0 2.30 0 0 79
6 10 Chimney Top 10 Tunnel Route 5 1 0 0 1 2.30 0 0 129
6 10 Chimney Top 11 True Grit 9 1 0 1 0 2.30 0 0 99
6 10 Chimney Top 12 Shipwrecked 8 1 1 0 0 2.30 0 0 92 1125
7 1 D. Boone Hut Crag 1 Broken Slide 4 1 0 0 0 2.21 0 78
7 1 D. Boone Hut Crag 7 Deception 8 1 1 0 0 2.21 0 93
7 1 D. Boone Hut Crag 8 Apes 14 1 1 0 0 2.21 0 74 244
7 2 Haystack Rock 1 Haystack 3 1 1 0 0 7.40 0 84
7 2 Haystack Rock 2 Girdle Traverse 4 1 0 0 0 7.40 0 59
7 2 Haystack Rock 3 Dirty Rastafarian Scoundrels 6 1 0 1 0 7.40 0 84 226
7 3 Auxier Ridge 4 Auxier Chimney 5 1 0 0 0 8.40 0 53
7 3 Auxier Ridge 5 Exclibur 10 1 0 0 1 8.40 0 76
7 3 Auxier Ridge 6 Steal Your Face 18 1 0 1 0 8.40 0 50 180
7 4 Courthouse Rock 8 East Ridge 5 1 0 0 0 9.50 0 50
7 4 Courthouse Rock 9 Bolt Route 7 1 0 0 0 9.50 0 47
7 4 Courthouse Rock 10 Court Day 9 1 0 1 0 9.50 0 67 163
7 7 Double Arch 1 Weathering Heights 3 1 0 0 0 10.60 0 51
7 7 Double Arch 2 Rainy Days 2 1 0 0 0 10.60 0 53 104

15110 15110
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climbsite area by crag

crag

# of 
impact 
zones

area of 
climb zones 

(ft2)
check 

sum 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Tunnel Wall 3 237 237 180 8 49
Gray's Wall 1 135 135 135
Military Wall 7 11709 11709 1751 3334 1967 3039 640 498 480
Left Flank 7 7003 7003 900 1463 560 1320 560 200 2000
Duncan Rock 4 734 734 248 40 50 396
Jewel Pinnacle 2 477 477 274 203
Tower Rock 11 2870 2870 330 700 339 365 270 184 40 312 180 96 54
Lower Small Wall 13 1851 1851 320 75 49 70 0 55 200 54 202 88 260 170 308
Eagle Point Buttress 4 600 600 77 72 406 45
Wall of Denial 8 5587 5587 809 121 643 190 3048 54 638 84
Sky Bridge Ridge- west 6 1124 1124 360 346 222 160 0 36
Sky Bridge Ridge- east 12 5381 5381 360 344 108 560 348 529 376 1040 1335 121 80 180
Funk Rock City 14 3586 3483 100 152 620 520 100 180 624 240 150 189 220 136 54 198
Camp Store Crag 1 525 525 525
Princess Arch 2 422 422 262 160
D. Boone Hut Crag 1 599 599 599

SUM 96 42840

number/ impact zone 446

two climb sites, at LSW and SBW, are listed with zero impact to signify impact but not from climbing.
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