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Abstract 

Transportation is both a means to access recreation and a form of recreation in itself. Because diverse 

audiences have differential transportation access and experiences, a spectrum of opportunities should be 

considered when planning for the provision of adequate, quality transportation options in park settings. 

In well visited parks with defined facilities, services, and roadways for motor vehicle traffic, use of the 

Transportation Recreation Opportunity Spectrum (T-ROS) should take into account a variety of 

indicators to set standards for the visitor experience, managerial contributions, and resource impacts. To 

explore the utility of the T-ROS framework, and specifically examine the use of three potential 

indicators (i.e., number of modes, view of scenery, and slope of rode) within a composite index, we used 

a geospatial analysis in Yellowstone National Park, USA. Results center on areas of differential T-ROS 

value and what this may mean for park management and extension of the framework. Strengths, 

limitations, and opportunities for further investigation are also detailed. 
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Transportation methods (e.g., private 

vehicle, public transit, bicycle) and access to them 

have tremendous impacts on the perceived 

qualities of park services to visitors (Pettengill, 

2013). For example, New York City residents 

rated transportation accessibility, safety, and 

information as important facilitators (or, in their 

absence, hindrances) to their visitation of national 

park units within the local area (Perry et al., 2015). 

Visitors to national park units in urban, urban-

adjacent, and rural areas across the country also 

rated similar transportation factors, as well as 

associated recreation-setting attributes, as 

important in the quality of their experience (Xiao 

et al., 2017). Transportation methods may be 

viewed not just as a means of access, but also as a 

range of transportation settings that offer diverse 

recreational opportunities (Xiao et al., 2017). To 

plan for transportation and to satisfy the diverse 

recreational demands of visitors in a park, park 

managers should first understand the spatial 

distribution of transportation systems (e.g., paved 

and unpaved roads, bicycle pathways, hiking 

trails). To do so, the transportation recreation 

opportunity spectrum (T-ROS) was developed 

(Pettengill & Manning, 2011). However, it has yet 

to be benefit from empirical testing. Therefore, the 

purpose of this project was to use geo-processing 

methods to analyze spatial distributions of the T-

ROS and provide guidance for the siting of new 

transportation facilities within a specific park. 

Yellowstone National Park (hereafter, abbreviated 

as “Yellowstone” or “the park”) was chosen as the 

study site because it is an iconic and highly visited 

national park in America’s National Park Service 

System, hosting a diversity of transportation 

modes. 

Literature Review 

Recreation Opportunity Spectrum (ROS) 

Public lands must serve a broad population 

base with diverse interests and desires for outdoor 

recreation (Manning, 2011). Demand for diverse 

recreation opportunities has led to development of 

several zoning and organizational frameworks de-

signed to help guide park planning and manage-

ment. Carhart (1961), for instance, developed a 

scale from "wildness" to "semi-urban" by identify-

ing different recreation habitats that span the wil-

derness-civilized continuum so that wildland plan-

ning could be shaped in ways that reflect the range 

of settings, activities, and preferences necessary 

for a quality recreation experience on a large socie-

tal or geographic level. Also, the Outdoor Recrea-

tion Resources Review Commission proposed a six

-fold framework for public lands that ranged from 

"primitive" to "high-density use" areas with similar 

intent of purpose (ORRRC, 1962). However, 

among all developed recreational classification 

systems, the most widely used and highly ad-

vanced framework is the Recreation Opportunity 

Spectrum (ROS).  

The ROS framework is a tool used to sup-

port definition and management of diverse outdoor 

recreation opportunities in parks and public lands. 

The ROS can be defined by a series of indicators 

and associated standards, such as density of use, 

accessibility, and social interactions (Clark & 

Stankey, 1979). Management agencies such as the 

U.S. National Park Service and U.S. National For-

est Service have incorporated ROS concepts and 

the framework itself into management considera-

tions for intra and inter-site diversity. The ROS 

defines a range or spectrum of opportunities that 

the public or private sectors can provide to meet 

the diversity of visitor activities, settings, and ex-

perience preferences (Driver & Brown, 1975, 
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1978; Vogelsong et al., 1998). Several studies 

have explored the relationships between visitors' 

motivations, activities, experiences, and environ-

mental setting preferences (Virden & Knopf, 

1989). Although the relationship between these 

four variables varies in different study cases, a di-

verse ROS enhanced the linkage among them. 

These studies tend to focus on the diversity of visi-

tors (e.g., cluster analyses to examine subgroups, 

regression analyses to examine relationships 

among variables) in wilderness and public park 

settings (Brown & Ross, 1982, McLaughlin and 

Paradice 1980, Vogelsong et al., 1998). Significant 

relationships have been found between setting at-

tributes along the ROS continuum and visitors 

when visitors are grouped by activity type (Cavin 

et al., 2005; McLaughlin & Paradice, 1980) or by 

motivation (Floyd and Gramann 1997; Vogelsong 

et al., 1998). 

 In addition to facilitating these linkages, 

the ROS is a conceptual and organizational frame-

work with many other potential applications. First, 

it provides an inventory to specify recreational op-

portunities provided by each public land area 

(Buist & Hoots, 1982). Second, the ROS helps 

managers to identify recreation opportunities and 

implement management strategies in terms of ac-

tivities, environmental settings, and experiences 

that complement visitor preferences (Driver et al., 

1987). Finally, ROS can help visitors to select de-

sired settings and activities according to their pre-

ferred experiences along the recreational spectrum 

on each visit (Buist & Hoots, 1982).  

Extending the Opportunity Spectrum  

From this basis, ROS has been extended in 

several recreation related research areas, such as 

tourism, ecotourism, wilderness, water recreation, 

and highway experience. As for tourism, Butler 

and Waldbrook (2003) incorporated the theory of 

the life cycle of a tourism destination into the con-

cept of ROS and developed a tourism opportunity 

spectrum (TOS). The framework of TOS consists 

of six indictors: type and level of access, other non

-adventure uses, level of development of tourism 

infrastructure, social interaction between guests 

and hosts, acceptability of visitor impacts, and ac-

ceptability of visitor regimentation. Dawson 

(2001) used these developed indictors (see Butler 

& Waldbrook, 2003; Clark & Stankey, 1979) to 

compare the characteristics of five TOS settings in 

a variety of environments and refine setting attrib-

utes that may define nature-based tourism and eco-

tourism, subclasses of experience within the TOS 

constraints, and indicators of these experiences 

may be identified and monitored. Further work in 

combining the ROS and TOS structures included a 

study to develop an Ecotourism Opportunity Spec-

trum (ECOS) (Boyd & Butler, 1996). The ECOS 

ranges from eco specialist to eco generalist and the 

indicators consist of eight factors: 1) type and level 

of access, 2) relationships between other resource-

related activities, 3) forms of attractions offered, 4) 

extent, complexity, visibility, number, and type of 

existing infrastructure, 5) social interaction be-

tween other eco-tourists and hosts/local popula-

tions, 6) level of knowledge and skill of eco-

tourists, 7) acceptance of visitor impacts, and 8) 

acceptance of management regime.  

Beyond land-based tourism considerations, 

management agencies have also recognized the 

importance of the ROS in water-based recreation 

settings. In particular, the U.S. Bureau of Reclama-

tion recognized the importance of the diversity of 

water recreation demands and formulated a guide-

book to describe the Water and Land Recreation 

Opportunity Spectrum (WLROS) and incorporate 

the WLROS into water recreation planning (U.S. 

Bureau of Reclamation, 2009). The WLROS is 

defined by indicators that include activities, setting 
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attributes, and experiences. This fuller spectrum of 

water and land recreation was adapted from 

Brown's ROS framework (1978). The WLROS 

guidebook also provides steps and strategies to 

implement WLROS in regional water-based recre-

ational planning.  

Finally, another application of the ROS in 

recreation research is the development of a high-

way experience opportunity spectrum (Brown, 

2003). In this research, a new and empirically-

supported framework emerged indicating that 

highways could be viewed as corridors of human 

values, not just merely transportation pathways. 

The highway experience opportunity spectrum was 

defined by: 1) intrinsic scenic byway qualities, 2) 

capacity, 3) length, 4) remoteness, 5) connectivity, 

6) speed, and 7) purpose. Brown’s research (2003) 

incorporated the ROS into a spectrum for transpor-

tation and built the basis of a Transportation Rec-

reation Opportunity Spectrum, or T-ROS. The def-

inition of these seven has provided grounds for 

investigating what indicators may be applicable in 

different transportation corridor-based recreation 

opportunities and settings. 

GIS Applications in ROS Research 

Recently, Geographic Information System 

(GIS) technology has been used as an advanced 

tool for ROS-related research. For example, Flana-

gan and Anderson (2008) utilized GIS tools to 

map the extent of visitors' wilderness perceptions 

in the San Juan National Forest. The visitors were 

divided into four groups based on the concept of 

purism (i.e., how they define “wilderness”). Maps 

were created for each group that represented per-

ceived wilderness conditions and respondents 

compared these conditions with ROS zones. The 

result indicated that maps of perceived wilderness 

have potential functions to refine ROS zoning. In 

the previously mentioned highway experience rec-

reation opportunity spectrum study (Brown, 2003), 

a map was created with GIS methods to indicate 

the density of scenic points of different locations 

on a highway, which reflected the perceived "best" 

and "worst" highway locations. Also, the WLROS 

guidebook used GIS to create maps as a WLROS 

inventory to depict the current type and location of 

recreation opportunities in the settings. Given the 

utility of geospatial analysis methods in park and 

recreation research generally, and ROS research 

specifically, this has been a noted direction and 

need for decades (Beeco & Brown, 2013; Nedovic-

Budic et al., 1999). 

Transportation Recreation Opportunity Spec-

trum (T-ROS) 

Based on the ROS model and the close re-

lationship between transportation and recreation in 

parks and public land, Pettengill (2013) developed 

a framework for T-ROS. Pettengill’s study incor-

porated survey data across a spectrum of recreation

-oriented roads in northern New England and esti-

mated the standard indicators for a density of use 

spectrum. The indicators of T-ROS consisted of 1) 

density of use, 2) landscape character, 3) facilities 

and service, 4) cost, 5) convenience, 6) corridor 

design, 7) mode of transport, and 8) trip purpose. 

Pettengill’s work also noted other indicators (e.g., 

condition of the road) that may be worth exploring 

and including. As one of the first works in this 

field of T-ROS, Pettengill’s research (2013) built 

the theoretical basis for a T-ROS framework and 

provided a solid basis for further quantification of 

T-ROS indicators. This framework and modes for 

empirical testing have been incorporated into Fed-

eral Lands Highway management considerations 

(Pettengill & Manning, 2011). It appears, however, 

that this theoretical basis is yet to be elaborated 

upon in subsequent studies. As the T-ROS may aid 

in public lands management to encompass a varie-

ty of settings and a variety of visitors, testing and 
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refining this framework is a crucial area for further 

research. This study, therefore, addresses this need 

by using GIS-based geospatial analysis to examine 

the utility of a suite of potential indicators of T-

ROS in a well-visited public lands setting.  

Research Objectives 

Building from this preliminary work on the 

T-ROS, the present study aimed to test the frame-

work in a park setting with diverse transportation 

corridors. It primarily focused on 1) analyzing 

three of the nascent indicators of transportation 

recreation opportunities (i.e., number of transpor-

tation modes, density of points of interest, and 

condition of the road [steepness of slope]) and 2) 

summing values of these indicators in an overall 

metric that allows ranking of T-ROS considera-

tions across different locations. The area of focus 

for this investigation was Yellowstone National 

Park (an iconic federally protected land in Wyo-

ming, Montana, and Idaho, U.S.). Because this 

park provides a diversity of settings, facilitates 

recreation through a limited number of transporta-

tion modes in a bound system of roads and trails, 

and is highly visited, it was chosen as a complex 

area in which to test the T-ROS framework. The 

specific questions considered for this investigation 

were as follows: 

1. What are values of T-ROS in different areas of 

Yellowstone National Park?  

2. What areas have higher concentrations of a di-

versity of T-ROS values than others? 

3. What areas are dominated by a single T-ROS 

value? 

4. Where would be the most suitable spots (i.e., 

those with the highest T-ROS values) for new 

public transportation facilities/stops to be located 

to alleviate vehicle congestion in these areas?  

5. If transportation stops were built in these areas, 

what would be a useful presentation format to 

visitors for them to determine if utilizing these 

transportation stops would facilitate or comple-

ment their experiences? 

Methods 

Metadata 

Data were downloaded and manipulated 

from the Wyoming State Geological Survey web-

site (www.wsgs.uwyo.edu/research/yellowstone/

gis.aspx), an office hosted by the University of 

Wyoming (WSGS UWYO). This state agency has 

created specific geodatabases for Yellowstone Na-

tional Park. Because these secondary data are read-

ily available and standardized for geographic areas 

including U.S. national parks, their use did not 

warrant primary data collection. Data were manip-

ulated by the authors to address the research ques-

tions. Digitized park and research features were 

created from the manipulated data and by map 

comparisons with the detailed park maps available 

on the Yellowstone official website 

(www.nps.gov/yell). All primary data layers uti-

lized are detailed in Table 1 (see Appendix A).  

T-ROS Indicators 

There are a number of T-ROS indicators, 

but for the purposes of this project, we are focus-

ing on the ones that are applicable to the Yellow-

stone study site and research purpose. These perti-

nent indicators are: 1) number of transportation 

modes, 2) view of the scenery, and 3) slope of the 

road. Before analyzing and computing the four in-

dicators, we acquired data from the sources listed 

in Table 1 and confined (e.g., clipped) them to the 

Yellowstone boundary. Because this analysis is 

aimed for park managers, park-defined “Points of 

Interest” features (e.g., geysers, waterfalls, historic 

lodges, wildlife viewing areas) were used as the 

criterion of interest. 
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 Indicator 1: Number of Transportation 

Modes. Yellowstone has three main delineated 

modes of transportation: roads (for all vehicle traf-

fic, including snowmobiles), trails (for foot traffic 

and, in designated areas, stock and pack travel), 

and bicycle paths (for non-motorized vehicle traf-

fic and foot traffic). First, we separated the bicycle 

paths from the trails layer by selecting all trail rec-

ords where biking is allowed and separating these 

distinctions into two separate layers. Second, we 

dissolved each layer based on name, so that whole 

roads, trails, and paths could be examined instead 

of at a segment-by-segment level (numbering in 

the tens of thousands). Dissolving is a means to 

look at an entire feature instead of each discrete 

section (e.g., a whole trail instead of each section 

between its intersections with other trails). This 

resulted in nine roads, 452 hiking trails, and 13 

bike paths. Third, we buffered trails (500 m), bicy-

cle paths (500 m), and roads (1000 m) for a rea-

sonable viewing distance from each. Buffering is a 

means of creating a corridor of consideration 

around a linear or shape feature and is useful when 

examining areas proximate to a road, for example, 

and not more distant areas. This was determined 

by using the Measurement tool to assess the dis-

tance of “Points of Interest” that are known to be 

visible from roads, trails, and bicycle paths, based 

on the researchers’ direct experience. Fourth, we 

examined areas where buffers for the three trans-

portation modes intersected or were spatially dis-

tinct (through intersecting, joining tables, union-

ing, and selecting of locations) and created new 

layers of areas where there are one, two, or all 

three types of transportation surfaces. This resulted 

in a spatial depiction of areas where there are one, 

two, or all three surfaces present. Fifth, we dis-

solved each transportation surface categorization 

by name, added a “transportation surfaces” value 

field (1, 2, or 3), and then joined all three based on 

name and sum of attributes. This process allows 

for a categorization of the three types of transpor-

tation surfaces in a spatially explicit and spatially 

cognizant way. We then were able to calculate a 

value for the overall indicator for each named road, 

trail, or path by averaging how much of the surface 

area was in each transportation category and divid-

ing by the total area, resulting in an indicator value 

from 1-3. 

Indicator 2: View of the Scenery. Scen-

ery was defined as the park-specified “Points of 

Interest” locations. First, we converted this vector 

layer of points to a raster data file using the Fea-

ture to Raster tool. This process allows for spatial 

metrics to be calculated across a landscape because 

it redefines features (points, lines, and polygons) 

into grid cells. Second, we looked at the Zonal Sta-

tistics as a table; statistics by zone is a means of 

finding integer values for a raster dataset based on 

a linked dataset (e.g., vector). Third, we joined the 

buffer polygon vector data for the three classes and 

then joined the zonal statistics table to it, allowing 

a summation of the number of points of interest 

per polygon. Fourth, we calculated a field for the 

number of features per polygon area, giving a den-

sity. In this manner, we were then able to visually 

depict the relative scenic value of the proportion of 

a particular named road, trail, or path, or the cate-

gory as a whole. We used the Jenks Natural Breaks 

categorization (i.e., ArcGIS delineated categories, 

much like a cluster or factor analysis, rather than a 

researcher-imposed designation of values included/

excluded from each category) of splitting the data 

into three levels of scenic view density (low [1], 

medium [2], and high [3]).  

Indicator 3: Slope of the Road. A raster  

DEM (digital elevation model; the standard raster-

based geospatial file format) at a 10 m distance 

was used to determine slope. Using the Slope 

Analysis tool, we determined slope for the Yellow-
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stone landscape. Next, we used the Zonal Statistics 

as a Table, with the raster slope input and the vec-

tor polygon buffers for roads, trails, and paths, to 

determine the slope of each named transportation 

surface. Using this process, of examining data by 

its zonal attributes, we were then able to combine 

like slope categories. We joined these three result-

ing tables and were able to plot the average slope 

per polygon. Again using the Jenks Natural Breaks 

categorization, we divided the slope into three clas-

ses of relative steepness: steeper (1), moderate (2), 

and flatter (3).  

T-ROS Value.  A value of 3-9, represent-

ing the summed range of values for the three indi-

cators detailed above, was created as a new calcu-

lated field for each named road, trail, and path. 

Values were divided by Jenks Natural Breaks into 

three classifications of T-ROS categories: low (3-

5), medium (6-7), and high (8-9).  

Network Analysis: Potential Transit  

Stop Locations 

 The researchers limited the park facilities 

for this investigation to park visitor and infor-

mation centers. No publically accessible files for 

this information are available online. Therefore, we 

created a new layer with the 16 visitor centers and 

entrance stations. First, we created a new feature 

class in ArcCatalog in our geodatabase for visitor 

and information centers, using the same coordinate 

system as the rest of the data. Second, we used the 

Editor extension to create points for the 16 centers. 

This was done by carefully comparing a detailed 

PDF map of the park and its visitor center locations 

to the roads layer already in our dataset. We added 

the points where each visitor center is and then 

added attribute data for the name of each center. 

Third, we built a network database using the roads 

(but not trails or paths) data. Fourth, we created a 

point feature class layer of seven points on the 

main road that have high T-ROS values in that lo-

cation or leading onto trails and paths from that 

location. We selected these particular points be-

cause if management were to put in a transit sys-

tem, these spots may be key features for visitors to 

see and also may be priority areas to alleviate traf-

fic congestion at (without constructing additional 

facilities like larger parking lots). Fifth, we used 

the Network Analyst tool to examine a network 

dataset of the most efficient bus routes from visitor 

centers to the potential transit stops, using a cut-off 

service area distance of 20 km. Finally, we looked 

at the service areas of the seven transit stops within 

1, 5, 10, and 20 km radii. This resulting map de-

picts what features are within certain distances 

from each bus stop. Therefore, a visitor would be 

better able to judge whether it is more practical to 

take the bus and walk to features s/he wants to see 

or whether these features are too far or too scat-

tered throughout an area and therefore taking a 

personal vehicle and parking closer to these fea-

tures would be more efficient. 

Results 

T-ROS Indicators and Composite Index 

 In completing the spatial analysis of the 

three T-ROS values, a composite index of the total 

T-ROS was created and areas of higher and lower 

values were ascertained. Figure 1 (see Appendix 

B) depicts the first T-ROS indicator, illustrating 

travel corridors that are accessible by one, two, or 

three modes of transportation. Although pedestri-

ans and bicycles are allowed on roads with vehi-

cles, and pedestrians are allowed on bicycle paths 

with bicycles, we considered the most conservative 

interpretation of the allowed modes of transporta-

tion in this analysis. As Figure 1 shows, areas with 

all three transportation modes are spread through-

out the park’s travel infrastructure, with areas of 

two transportation modes also found across the 
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park landscape and areas of one mode only con-

centrated on roads without path and trail intersec-

tions and remote trails. Figure 2 (see Appendix C) 

depicts the density of points of interest along each 

travel corridor. Not surprisingly, many of the roads 

and trails have been constructed in or near areas of 

high concentrations of points of interest. One area 

in particular, in the west-southwest, has a high 

concentration of points of interest for the length of 

the travel corridor. As the final component of the 

T-ROS investigation, Figure 3 (see Appendix D) 

depicts the third indicator, steepness of slope, for 

Yellowstone’s travel corridors. As this scale was 

reversed, with the lower slopes having the higher 

T-ROS value for ease of movement, Figure 3 illus-

trates that most of the park’s travel corridors are, 

on average, of relatively lower incline. As this is a 

comparative measure, it is important to note that 

what is an average incline or decline for a trail, 

bicycle path, or road may not be low, medium, or 

high when compared to corresponding corridors 

outside of the park. However, Figure 3 does corre-

spond to the topography of the area, with the less 

steep corridors on the Yellowstone Caldera Plat-

eau and the steeper corridors on the northern edge 

of the plateau, transitioning to lower elevations 

beyond the Supervolcano’s visible boundaries. 

Each of these figures, 1-3, show the areas of rela-

tively higher and lower values of the individual T-

ROS indicators. 

 When mapped together as a composite in-

dex on a summed scale with a maximum of 9, the 

total T-ROS value of travel corridors within Yel-

lowstone becomes clearer. Figure 4 (see Appendix 

E) depicts this composite mapping of the total T-

ROS indicators. As illustrated, most of the lengths 

of travel corridors in the park have a medium T-

ROS value. Few of the corridors have a low or a 

high value. Those with the highest T-ROS values 

(8 or 9) are also seen to be the ones that have the 

greatest number of transportation modes, the high-

est density of points of interest, and the lowest 

slopes in Figures 1, 2, and 3, respectively. 

 Together, these four maps address our first 

three research questions. They not only depict 

what the total T-ROS value is for each location 

within Yellowstone (research question 1) but also 

examine the three individual indicators and illus-

trate how each may be a different value for a par-

ticular place and each thus influence the overall 

value of a particular place. Inherently, in examin-

ing these differences in the three indicators and in 

the composite index, these maps also help illustrate 

which areas have concentrations of higher T-ROS 

values (research question 2) and potentially more 

transportation diversity and which areas have low-

er concentrations of higher T-ROS values, indicat-

ing areas that are potentially dominated by a single 

indicator or no indicators (research question 3). 

Figure 4 provides the overarching T-ROS metric, 

which can be of use when examining what areas 

have different T-ROS values throughout Yellow-

stone National Park (research question 1), where 

there are higher T-ROS values (research question 

2), and where there are lower T-ROS values 

(research question 3). Figures 1-3 offer a more 

comprehensive look into how each indicator con-

tributes to this overall metric. Therefore, these four 

maps provide two levels of detail to the first three 

research questions. 

Transit Stop Suitability Assessment and  

Public Interpretation 

 Results from the second portion of the 

analysis center on the suitability for transit stops 

on park roads at the high T-ROS value locations 

(research questions 4 and 5). These are the most 

suitable spots for public transportation stops and 

perhaps the start of a networked system of stops in 

the park, providing information in relation to re-
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search question four. As Figure 5 (see Appendix F) 

depicts, a transit stop at each of the high T-ROS 

value locations would be able to be serviced by a 

bus route from a visitor center within a 20-

kilometer radius. This means that visitors would be 

able to park their cars at a certain visitor center and 

take a shuttle bus to a high T-ROS value location 

within a 20-kilometer distance, alleviating vehicle 

congestion at these locations. Thus, Figure 5 de-

picts spots suitable for new public transportation 

facilities/stops that may be of most use to a diversi-

ty of visitors (research question 4). 

 To illustrate what this means for visitors 

and how they might plan their experience using or 

not using this proposed system of transit stops, Fig-

ure 6 (see Appendix G) depicts what points of in-

terest are within a 1, 5, 10, and 20 kilometer radius 

of the transit stops at high T-ROS value locations 

(research question 5). From a map such as this, vis-

itors may assess what scenic spots they want to see, 

how far these spots are from a certain transit loca-

tion, assess their time and fitness constraints, and 

plan accordingly. For example, a family with small 

children may only want to take the public transit 

option if all of the sights they want to see are with-

in a 1-kilometer distance of that stop. Similarly, a 

backpacker who would want to start at a trailhead 

that is beyond a certain distance from a transit stop 

may not want to utilize the public transportation 

option and have to add additional distance to his or 

her hike. Figure 6 presents a general map for visi-

tors to determine if utilizing these transportation 

stops would facilitate or complement their experi-

ences and thus adds knowledge to answering re-

search question five. 

Implications 

 This research has relevance for both re-

search and management. As a preliminary exami-

nation of some of the aspects identified as compo-

nents of a T-ROS metric, and tested in a well-

known and well-visited national park, this project 

identified spatially explicit areas in which a higher 

or lower T-ROS value for its components (i.e., in-

dicators) and overall could be mapped. This work 

extends past efforts that identified these indicators 

but did not map their locations within a given park. 

In identifying areas with higher and lower T-ROS 

values, this work allows for more detailed investi-

gations and stratifications of park use by T-ROS 

value. It provides a quantified, spatially explicit 

foundation for further investigations into how the 

spectrum of transportation recreation opportunities 

may be a limiting or enhancing feature of visitors’ 

perceptions of experience at various locations. 

 The T-ROS framework proposed by Pet-

tengill (2013) includes a variety of indicators. This 

investigation focused on ones related to landscape 

character, facilities/services, and mode of 

transport. The results suggest that there are areas 

of the park where these particular indicators may 

have differential impacts to the resource, facilities, 

and experiential aspects of the setting (Manning, 

2011). Areas with a high concentration of features 

and multiple modes of transportation available 

may be more heavily impacted by a variety of uses 

and visitor densities. Consideration of what areas 

have higher T-ROS values, such as the Old Faith-

ful Geyser Basin, is important not only when look-

ing toward future facilities planning but also when 

considering current impacts. Identifying these are-

as may complement current knowledge about con-

ditions in these particular locations and what man-

agement actions (e.g., limiting use, increasing sup-

ply, hardening the resource, changing visitor be-

havior) may be appropriate (Manning, 2011). In 

this way, examinations of T-ROS, and findings 

such as presented here, extend knowledge of not 

only the diversity of experiences that may be avail-

able within a recreation setting, but also in what 
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areas we may expect to find greater or lesser im-

pacts. Although the ROS framework has been a 

design for diversity for decades, examining trans-

portation as a form of access and recreation ex-

tends understanding of how this particular aspect 

may be examined and quantified on the landscape. 

Given the importance of transportation in the visi-

tor experience (Perry et al., 2015; Xiao et al., 

2017), this investigation provided insight on how a 

T-ROS framework (specific indicators and overall 

metric) may be applied in a particular recreation 

setting. 

 The findings of the present study also have 

relevance to management. As this project was un-

dertaken as a general and preliminary test of the 

framework, there are many aspects that have been 

generalized and may not apply to every situation. 

For example, when looking at T-ROS values in 

their park, managers may want to assess whether or 

not slope is a defining and limiting factor for the 

recreation experience. Although slope may be an 

important factor in hiking and bicycling experienc-

es, it may be a lesser factor in vehicle experiences 

and park managers may want to examine the extent 

to which this aspect is weighted for each travel cor-

ridor type. They may also want to add indicators 

for vehicle roads that may not apply to other corri-

dors, such as the road surface type, condition, and 

seasonal closures. On the issue of weighting, park 

managers may also decide that not all points of in-

terest should be equally weighted. In this project, 

all points of interest were assumed to carry the 

same scenic and destination value. However, man-

agers may want to work with researchers to exam-

ine the equal-weighting scheme. There are un-

doubtedly some park features that are more attrac-

tive for visitation, or elicit a longer time commit-

ment for visitation, than others. Identifying these 

features (through managerial and visitor use data) 

may help tailor the T-ROS approach presented here 

to account for a range of site attractions from 

points that are a concentration of smaller features 

clustered together near multi-use travel corridors to 

features that are singular points of spectacular in-

terest. 

 Aside from issues of indicator inclusion 

and weighting, managers may use the information 

presented to see what areas have higher T-ROS 

values and perhaps concentrate on building bus 

stops in these areas to alleviate congestion or the 

need for greater infrastructure. As more parks are 

considering how to lessen vehicle traffic, this may 

become increasingly important in designing looped 

transportation systems, especially in a park as large 

as Yellowstone. Placing bus stops only in areas of 

high T-ROS values should not be seen as the only 

priority, though. Understanding the visitors’ wants 

and needs is foremost in creating and maintaining 

a positive visitor experience. Therefore, it is also 

important to devote attention to the areas that may 

have lower T-ROS values but may be gateways or 

methods to areas that are more remote, have a sin-

gle transportation mode, are steeper, and have 

more dispersed scenic spots. Enhancing the visitor 

experience may require more detailed signage, less 

frequent but still available transportation services, 

and a greater understanding of how visitors utilize 

the area. As the entire spectrum of transportation 

recreation opportunities is valuable and provides a 

range of options for visitors, it is not our intent to 

suggest that parks should strive for all high value T

-ROS locations. However, understanding the di-

versity of these locations and how they may be 

spatially presented to visitors may aid in fulfilling 

management goals and providing greater visitor 

satisfaction. 

Limitations 

 As with any investigation, this work had 

constraints. Although these constraints may affect 
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the findings, they are also opportunities for further 

research into T-ROS. A subset of potential T-ROS 

indicators were chosen for this project. This selec-

tion was made to constrain the scope of the work, 

align with publicly available data, and provide a 

suite of indicators. Past research has identified oth-

er indicators that could be useful to empirically 

test, such as density of use, cost, convenience, cor-

ridor design, and trip purpose (Pettengill, 2013; 

Pettengill & Manning, 2011). Investigating these 

indicators may produce different or more nuanced 

T-ROS metrics. Furthermore, testing any indicator 

in a different park setting may produce different 

metrics, especially if Jenks Natural Breaks (i.e., 

comparative classes) are used as typology set 

points. Perhaps a weighting scheme on a park-

specific basis and in line with management objec-

tives and visitor use patterns would more appropri-

ately capture differences and priorities not realized 

in an equal-weight scenario. We did not consider 

such a weighting scheme. Combining data sources, 

such as visitor use surveys, management inter-

views, and spatial analysis, rather than relying on a 

single type of data (GIS data in this case) would 

lend insight into what weights may be appropriate, 

what indicators may be yet unexplored, and how 

preferences for different indicators and T-ROS val-

ues overall may vary by visitor group (e.g., de-

mographics, motivations). Finally, this investiga-

tion was confined to the boundaries of Yellowstone 

National Park. As ROS may be considered as both 

an intra and inter-site examination of diversity, it 

would be prudent to look beyond the administra-

tive boundaries of the park unit and toward the 

larger geographic region to examine on what scales 

the range of T-ROS values are represented. Refine-

ment of the T-ROS metric may yield a standard-

ized scale for comparison across indicators and set-

tings and warrants further consideration as studies 

progress.  

Future Directions 

 The research questions here may be ex-

panded upon in future research by tests in different 

locations, with an expanded set of indicators and/

or weights on current indicators, and with particu-

lar user groups. Park size and park-identified 

points of interest may factor into the T-ROS values 

seen and to have a transferrable set of indicators 

and overall metric would require input from vari-

ous locations and situations to compute a robust set 

of attributes that could be presented as a T-ROS 

body of concepts, or theory, that is applicable in a 

variety of settings. Further research questions and 

hypotheses may identify additional indicators that 

should also factor into T-ROS computations and 

perhaps identify weights of one indicator to anoth-

er that are generally consistent among situations. 

Differential weighting of the indicators based on 

their centrality to a quality visitor experience and/

or the feasibility of management intervention could 

refine the metric to better capture the importance 

of different parts of the recreation setting (i.e., fa-

cilities/management, resource, and social/

experiential; Manning, 2011). This weighting and 

refinement would require spatial analyses paired 

with visitor use preferences (e.g., qualitative inter-

views, quantitative questionnaires). Other pertinent 

avenues of further research include whether these 

are land management focused (e.g., across Nation-

al Park Service lands, across Forest Service lands) 

or ecosystem focused (e.g., across mountainous 

portions of parks, across prairie portions of parks, 

across portions of parks with high water body con-

centrations). Finally, there may be an element of 

user group preference in the calculation of these 

metrics. Although it is useful to have a metric that 

would satisfy the average visitor with the average 

use patterns, in reality, no visitor is completely av-

erage. Therefore, it would be beneficial to further-

ing this body of work to examine how different 
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user groups interact with these T-ROS indicators, 

what relative weightings they place on each, and 

how this may vary both spatially and temporally 

depending on use patterns. 
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Appendix A 

Table 1. Metadata on the file layers used in the completion of this analysis. All files have been or igi-

nally produced or clipped to the Yellowstone National Park boundary. 

 

File  
Name 

Description Coordinate 
Projection 

Datum Resolution Currency Data 
Type 

Source Derived 
Attributes 

Driving_ 
only 

Roads for vehi-
cle traffic 

Transverse 
Mercator 

NAD 1983 
UTM Zone 
12N 

USGS High 
Resolution 
Criteria 

2010 Vector WSGS 
UWYO 

1000 m buffer; 
intersections with 
other travel corri-
dors 

Hiking_ 
only 

Trails for foot 
traffic 

Transverse 
Mercator 

NAD 1983 
UTM Zone 
12N 

USGS High 
Resolution 
Criteria 

2010 Vector WSGS 
UWYO 

500 m buffer; 
intersections with 
other travel corri-
dors 

Biking_ 
only 

Pathways for 
non-motorized 
bicycle traffic 

Transverse 
Mercator 

NAD 1983 
UTM Zone 
12N 

USGS High 
Resolution 
Criteria 

2010 Vector WSGS 
UWYO 

500 m buffer; 
intersections with 
other travel corri-
dors 

Indicator_ 
Join123 

T-ROS comput-
ed values 

Transverse 
Mercator 

NAD 1983 
UTM Zone 
12N 

USGS High 
Resolution 
Criteria 

2013 Vector Researcher-
created in-
termediate 
data 

Values for T-
ROS indicators 1
-3; T-ROS com-
posite metric 

Pts_ 
Interest 

Park-defined 
natural and cul-
tural features 

Transverse 
Mercator 

NAD 1983 
UTM Zone 
12N 

USGS High 
Resolution 
Criteria 

1981 Vector WSGS 
UWYO 

Created raster 
version of the 
data 

Visitor_ 
Center 

Primary visitor 
centers park 
entrances 

Transverse 
Mercator 

NAD 1983 
UTM Zone 
12N 

USGS High 
Resolution 
Criteria 

2013 Vector Researcher 
digitized 
based on 
park maps 

Facilities in Clos-
est Facility Anal-
ysis 

Bus_ 
Stop 

High T-ROS 
value locations 
on driving 
roads 

Transverse 
Mercator 

NAD 1983 
UTM Zone 
12N 

USGS High 
Resolution 
Criteria 

2013 Vector Researcher 
digitized 
based on T-
ROS metric 

Incidents in Clos-
est Facility Anal-
ysis and Facilities 
in Service Area 
Analysis 

Boundary Yellowstone 
National Park’s 
official admin-
istrative bound-
ary 

Transverse 
Mercator 

NAD 1983 
UTM Zone 
12N 

USGS High 
Resolution 
Criteria 

2008 Vector WSGS 
UWYO 

Used for clipping 
features 

Dem10 Elevation of the 
park 

Transverse 
Mercator 

NAD 1983 
UTM Zone 
12N 

10 m 2009 Raster WSGS 
UWYO 

Slope calculation 
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Appendix B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The number  of transpor tation modes on trails, bicycle pathways, and all roads (paved and 
unpaved) in Yellowstone National Park. The darker the shade of red, the more modes of transportation are 
allowed along any defined travel corridor.  
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Appendix C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The density of park-defined points of interest (purple) within a 1000 m buffer of roads, 500 m 
buffer of bicycle paths, and 500 m buffer of trails. The darker the shade of red, the higher the density of these 
points is within the buffer for any given defined travel corridor. 
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Appendix D 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The steepness of slopes on the travel corr idors in Yellowstone National Park. The darker  the 
shade of red, the lower the slope of a defined travel corridor.  
 

 



31         Perry & Xiao/ EXAMINING T-ROS INDICATORS AT YELLOWSTONE  

Illuminare, Volume 15, Issue 1, 2017 

Appendix E 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. T-ROS composite values of travel corridors within Yellowstone National Park. The darker the 
shade of red, the greater the T-ROS value. Individual components that lend to an overall score are mapped in 
Figures 1-3. 
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Appendix F 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Potential bus routes on roads between visitor  centers within a 20-kilometer distance of a high T-
ROS value destination in Yellowstone National Park.  
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Appendix G 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Points of interest within a 1, 5, 10, and 20-kilometer radius of the transit stops at high T-ROS val-

ue locations in Yellowstone National Park. 

 


