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ABSTRACT

Trail users that experience acceptable social and ecological conditions are more likely to act as trail stewards,
exhibit proper trail etiquette, and use low-impact practices. However, the relationships between specific trail
conditions and experiential elements of long-distance hiking are not well understood. Therefore, the purpose of
this study was to identify how trail conditions influence particular elements of the long-distance hiking ex-
perience. The researchers used a mixed-methods approach involving semi-structured interviews (n = 17),
quantitative questionnaires (n = 336), ecological measurements of trail conditions (n = 21-5 km sections), and
modified Recreation Suitability Mapping (RSM) techniques to quantify the relationships between five trail
conditions (trail incision, muddiness, rugosity, trail width, and gradient) and four experiential elements of long-
distance hiking (level of challenge, perceived impact to musculoskeletal system, valuation of tread aesthetics,
and ability to maintain an ideal hiking pace). Quantified values were weighted, analyzed, and mapped using
SPSS 22.0 and ArcMap 10.2.2. Significant differences exist in the scores and distributions of ecological measures
across all sections, indicating that trail conditions vary significantly across sampled trail sections. Although,
long-distance hikers felt all four experiential elements were important, tread aesthetics was ranked by 50.2% of
sampled hikers as the most important experiential element to the overall experience. The resulting information
after applying the weights suggests what particular type of experience is likely for each trail section considering
the presence of trail conditions.

1. Introduction

with maintaining sustainable ecological and social conditions, and trails
are resources that managers must protect (Monz, 2009). In turn, well-

Recreational trail use has been increasing for decades (Outdoor
Outdoor Outdoor Foundation, 2017). In 1995, the National Survey on
Recreation and the Environment reported that outdoor recreation par-
ticipation was growing faster than the population (Cordell, Lewis, &
McDonald, 1995), a trend that continues to this day (Outdoor
Foundation, 2017). Specifically, in 2017, the Outdoor Foundation Re-
creation Participation Topline Report indicated that a record number of
Americans participated in outdoor activities, including increased re-
creation on trails. With more people using trails, more ecological im-
pacts are occurring, often resulting in undesirable trail conditions
(Ballantyne & Pickering, 2015; Hockett, Marion, & Leung, 2017).

In response, trail managers continuously aim to design and maintain
ecologically sustainable trails that feature conditions that users desire
(Marion, 2016; Marion & Wimpey, 2017). Land managers are charged

managed trails with desirable tread conditions positively influence the
recreation experience, leading to satisfied users (Marion & Leung,
2001).

The importance of sustainable trails with desirable tread conditions
extends beyond user satisfaction (Dorwart, Moore, & Leung, 2009) and
contribute to appreciation of nature, support for outdoor environments,
and enjoyment (Manning, 2011). More specifically, trail users who
encounter desirable conditions may adopt low-impact practices and act
as resource stewards (McFarlane, Boxall, & Watson, 1998). Therefore,
providing opportunities for high-quality experiences based on desirable
conditions is important to most managers (IVUMC (Interagency Visitor
Use Management Council), 2016).

One important group of trail users is long-distance hikers, who trek
500 miles or more during a single outing (Anderson et al., 2009). Long-
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distance hikers are a heralded group that often serve as role models for
other trail users (Littlefield & Siudzinski, 2012). If long-distance hikers
encounter desirable trail conditions, they are likely to develop an affi-
nity for the trail and practice proper trail ethics (Williams, Patterson,
Roggenbuck, & Watson, 1992). Such high regard for the trail may in-
fluence other types of hikers (e.g., day hikers) who look to long-distance
hikers as examples (Ptasznik, 2015). Additionally, research indicates
that the quality of outdoor experiences is dependent in part on the
environmental conditions of trail treads and corridors (Leung & Marion,
2000). Therefore, understanding the relationships between trail con-
ditions and the quality of long-distance hiking experiences is important
to the larger hiking and management community.

Understanding where specific trail conditions contribute to high
quality long-distance hiking experiences can be difficult to identify
because social data (e. g., preferences for trail conditions) are often not
geographically located (Beeco, Hallo, & Brownlee, 2014). Recreation
Suitability Mapping (RSM) is a technique that makes it possible to
identify and display the relationships between social preferences, eco-
logical conditions, and landscape features (see Beeco et al., 2014). In-
vestigating these spatial relationships is important because ecological
and social preferences should be investigated in tandem to understand
reciprocal associations (Manning, Leung, & Budruk, 2005). Under-
standing this reciprocity is critical to advancing the sustainability of
long-distance hiking trails (Marion & Wimpey, 2017).

However, the reciprocity between trail conditions and experiential
elements of long-distance hiking is not well understood, nor has it been
mapped across multiple sections of a hiking trail using RSM techniques.
Understanding how trail conditions influence long-distance hiking ex-
periences at a specific location could provide managers with informa-
tion for trail design and maintenance. Mapping the relationships be-
tween trail conditions and experiential elements of long-distance hiking
may also provide managers with concise information that they can
access more easily and efficiently than other approaches. Therefore, the
purpose of this study was twofold: 1) to examine which trail conditions
influence particular experiential elements of long-distance hiking, and
to what degree; and 2) to index, map, and analyze these relationships
using modified RSM techniques.

2. Literature review

The literature review has three sections and provides background on
trail conditions, experiential elements of long-distance hiking, and RSM
techniques. The researchers used a general scoping approach (see
Arksey & O'Malley, 2005) employing Boolean strings to search research
databases for peer-reviewed English-language publications (PsychInfo,
Scopus, LeisureTourism, Google Scholar, and Web of Science) and
doctoral dissertations and graduate thesis (ProQuest, Ebsco). Ad-
ditionally, the research team used subject area journals in leisure stu-
dies (e.g., Leisure Sciences), ecological management (Journal of En-
vironmental Management), outdoor recreation (e.g., Journal of Outdoor
Recreation and Tourism), nature-based tourism (e.g., Journal of Eco-
tourism), and protected area scholarship (e.g., Society and Natural Re-
sources) for manual searching.

2.1. Trail conditions

The trail conditions included in this study were trail incision
(depth), muddiness (wet soils), rugosity (roughness), width, and gra-
dient (slope) (Marion, Leung, Eagleston, & Burroughs, 2016) (Fig. 1).
The researchers chose these conditions based on the literature, and
because these conditions reflect common trail impacts and/or hiking
difficulty on long-distance trails. Furthermore, hikers are generally
aware of these conditions without the need for additional education and
explanation. In the following section, these five trail conditions are
defined, their measurement is highlighted, and their potential influence
on the hiking experience is described.
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Trail incision is the depth of the tread in relation to the sides of the
trail (Marion & Wimpey, 2017). Incision correlates with soil loss caused
by wind and water erosion, compaction, and soil displacement (Olive &
Marion, 2009). Significant soil loss can cause hikers to wander laterally,
widening the trail, causing greater vegetation and soil loss over time
(Wimpey & Marion, 2010).

Muddiness occurs on flat sections of trail that retain water and
where terrain lacks drainage or permeability (Marion & Leung, 2001;
Marion et al., 2016). Muddiness can be measured by identifying the
lineal extent of the muddy area (Moore, Leung, Matisoff, Dorwart, &
Parker, 2012). Muddiness may cause hikers to circumnavigate muddy
areas, resulting in trail widening and vegetative trampling (Marion
et al., 2016). Muddiness can also increase travel difficulty, reducing
hiking speed and stability.

Rugosity is the roughness of the trail, generally caused by soil loss,
and exposed rocks and roots in the tread (Marion & Wimpey, 2017;
Wimpey & Marion, 2010). Rugosity often causes hikers to seek
smoother terrain, often parallel to but off of the official tread (Wimpey
& Marion, 2010). Tread rugosity can slow and distract hikers because
they must be cognizant of foot placement to avoid rocks and roots that
increase the chance of tripping and falling (Moore et al., 2012).

Trail width is the gap in vegetation growth where the trail resides
and is central to supporting trail traffic (Marion et al., 2016). Trail
width can be measured with a standard tape measure extended across
the trail tread from boundaries defined by visually obvious trampling
disturbance (Wimpey & Marion, 2010). Excessive trail width means
there is a larger areal extent of impact to vegetation, organic litter, and
soil, often decreasing the aesthetics of the trail (Wimpey & Marion,
2010).

Trail gradient is the slope of the trail and is typically measured as
rise/run (Marion & Wimpey, 2017). Researchers and managers gen-
erally use a clinometer to measure trail gradient (Sutherland, Bussen,
Plondke, Evans, & Ziegler, 2001). As trails become steeper, they typi-
cally experience greater erosion, due to the increasing velocity of water
runoff (Olive & Marion, 2009). Most hikers indicate that trails with
steep grades are generally more challenging (Zealand, 2007).

These five trail conditions, except trail gradient, are direct impacts
born from recreational use (Lynn & Brown, 2003) (Fig. 1). The relative
prevalence of these five trail conditions likely affect the quality of
hiking experiences (Lynn & Brown, 2003), potentially more than other
factors, such as crowding (Dorwart et al., 2009).

2.2. Experiential elements of long-distance hiking

Informed by the literature, the researchers selected four experiential
elements of long-distance hiking: level of challenge, perceived impact
to the musculoskeletal system, valuation of tread aesthetics, and hiking
pace. The researchers selected these four elements for inclusion in this
study because they a) are common variables of interest in park visita-
tion and outdoor recreation studies (e.g., Manning, 2011), b) have the
potential to influence the quality of a hiking experience, c) are often
elements addressed in guide books and online forums by veteran hikers
and hiking enthusiasts (e.g., Appalachian Trail Conservancy, 2018;
Mueser, 1998), and d) emerged as important elements of long-distance
hiking during qualitative interviews conducted in this study.

According to Mueser (1998), challenge is testing one’s physical
ability and self-esteem, and is the primary reason for long-distance
hiking. Establishing predetermined distance goals is part of the process
that hikers use to challenge themselves (Kil, Stein, & Holland, 2014).
The challenge of a long-distance hike is unmatched and unusual, and
according to den Breejen (2007), challenge is integral to the hiking
experience. However, hikers may perceive level of challenge differently
depending on personality characteristics and previous experiences
(Zealand, 2007). Level of challenge can also be different when com-
paring numerous trail sections, as is the case when comparing diverse
trail sections that contain varying terrain and trail conditions
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Fig. 1. Trail Conditions.

(Appalachian Trail Conservancy, 2018).

Impact to the musculoskeletal system is paramount to the hiking
experience, because injuries can slow or stop a hike. Injuries to the
musculoskeletal system include fractures, joint pain, sprains, and
strains (Boulware, 2004). Anderson et al. (2009) states that “muscu-
loskeletal injuries represent a significant source of morbidity among
long-distance hikers” (p. 252). Long-distance hikers are high risk for
impacts to the musculoskeletal system due to carrying substantial loads
and provisions in their backpacks (Knight & Caldwell, 2000). Previous
research has demonstrated that increased backpack loads produce
greater knee and trunk flexion, which is often exacerbated by steep
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downhills or high rugosity (Han, Harman, Frykman, Johnson, &
Rosenstein, 1992).

Valuation of trail aesthetics is an important element of the hiking
experience because the trail tread is always visually present. For the
purpose of this study, the researchers evaluated preferences for ‘tread
aesthetics’, not the overall aesthetics that surround the trail corridor,
which may include vistas, amount and type of vegetation, and color
variation. Researchers have found that degradation of ecological con-
ditions in recreation settings (e.g., campsites and hiking trails) may
decrease the experiential quality of recreational activities (Price,
Blacketer, & Brownlee, 2018). Visually offensive tread conditions can
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Fig. 2. Map of the Appalachian Trail and study area.

lower the functional value of the trail and thus influence the experience
(Marion & Leung, 2001).

Finally, maintaining an ideal hiking pace is important to the com-
pletion of long-distance hikes. The completion date of the hike is im-
portant to avoid undesirable seasonal weather, particularly in northern
sections of long-distance hiking trails. Degraded conditions typically
compromise a hiker’s pace, and consequently the hiker may not com-
plete the hike or reach resupply points within the allotted times
(Saunders, Laing, & Weiler, 2013).

2.3. Spatial mapping

Recreation Suitability Mapping (RSM) is a GIS approach that models
landscape features to identify areas most suitable for specific recreation
activities (Kliskey, 2000). RSM quantifies areas of recreational worth by
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identifying and weighting social preferences for conditions that can be
mapped (Kliskey, 2000). For example, a bird watcher may prefer a
landscape with specific vegetation and a certain percent of tree cover,
while a landscape photographer may prefer open vistas. Such pre-
ferences for varying conditions can be mapped and displayed to inform
decisions regarding recreation activity zoning and to assess the suit-
ability of an area for specific activities. Some examples of resource
conditions mapped by researchers and managers are topography, soil
types, vegetation type and density, proximity to water, and wildlife
habitat (Beeco et al., 2014). Ultimately, RSM techniques provide a
greater understanding of resource and terrain conditions and how re-
source conditions may affect recreational experiences (Beeco, Hallo, &
Giumetti, 2013).

Relationships between landscape features, trail conditions, resource
attributes, and experiential elements of the recreation experience can
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be indexed, weighted, and spatially embedded into GIS layers using
procedures outlined by Beeco et al. (2014). Generally, RSM methods
include four primary steps: 1) identify and map terrain and ecological
conditions deemed important to the recreation activities of interest; 2)
identify social preferences for these conditions using quantitative
questionnaires administered to representative samples of the activity
groups of interest; 3) scale and weight the relationships between eco-
logical conditions and social preferences; and 4) display and analyze
the resulting relationships using GIS techniques (Beeco et al., 2014).
This four-step process produces maps that clearly identify the re-
lationships between resource conditions and overall experiential values.
However, researchers have traditionally employed RSM at the land-
scape scale and not along a restricted recreation corridor such as a trail.

3. Research questions

The following research questions guided the investigation of the
relationships between trail conditions and experiential elements of
long-distance hiking. The aim of these research questions was to a) to
examine which trail conditions influence particular experiential ele-
ments of long-distance hiking, and to what degree; and b) to index,
map, and analyze these relationships using modified RSM techniques.

1. Which trail conditions influence particular experiential elements of
long-distance hiking, and to what degree?

2. Which sampled trail sections contain conditions that contribute to
high or low-quality hiking experiences?

3. What are efficient methods for indexing, weighting, and mapping
the relationships between trail conditions and experiential elements
of long-distance hiking?

4. How may spatially mapping the relationships between trail condi-
tions and experiential elements of long-distance hiking inform
management decisions regarding trail improvement and main-
tenance?

4. Description of research location

The Appalachian Trail (AT) is located in the eastern United States,
extending from Springer Mountain in Georgia to Mount Katahdin in
Maine (2200 miles), and passing through 14 states (Appalachian Trail
Conservancy, 2018) (Fig. 2). The National Park Service (NPS) manages
the AT in partnership with the Appalachian Trail Conservancy (ATC)
and 31 trail clubs responsible for trail management and maintenance
(Appalachian Trail Conservancy, 2018). While approximately 2-3
million people take day-hiking or backpacking trips on the AT annually,
in 2015 about 3466 attempted a single-year “thru-hike,” with a com-
pletion rate of only 25% (Appalachian Trail Conservancy, 2018). Long-
distance hikers consider the northern third of the AT to be the most
environmentally diverse and physically challenging due to steeper
terrain and the preponderance of rocks, muddiness, and roots
(Appalachian Trail Conservancy, 2018).

The northern third of the AT, spanning 734 miles from the New
York-Connecticut border to the northern terminus at Mount Katahdin in
Maine, was the study area for this research due to the diverse steep and
challenging terrain. The Connecticut section of the AT is 51.6 miles,
with elevation ranging from 260 to 2316ft (Appalachian Trail
Conservancy, 2018), while the AT section in Massachusetts is 90.2
miles, with elevation ranging from 650 to 3491ft. In Vermont the AT
passes through rugged terrain along the crest of the Green Mountains
(149.8 miles long, with elevation ranging from 400 to 4010ft). The New
Hampshire section of the AT passes through the White Mountains,
which features the most miles above tree line compared to any other AT
state (Appalachian Trail Conservancy, 2018). This section is 160.9
miles, with elevation ranging from 400 to 6288ft. The AT in Maine is
281.4 miles, with elevation ranging from 490 to 5267ft.
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5. Methods

As a guiding framework, the researchers selected an exploratory
mixed methodology (Clark & Creswell, 2011) with three connected
phases. In Phase 1, the researchers conducted interviews with AT long-
distance hikers to identify important experiential elements that aligned
with the literature. In Phase 2, the researchers developed, piloted, and
administered a questionnaire for AT long-distance hikers. Also, in Phase
2, the researchers measured and assessed ecological trail conditions on
the Northern AT. In Phase 3, the researchers indexed, weighted, ana-
lyzed, and displayed the relationships between trail conditions and
experiential elements of long-distance hiking using ArcMap software.
This sequential process was selected because a) not all quantitative
measures or instruments for the phenomenon under investigation were
available, b) some variables were unknown, and c) due to the novelty of
the investigation, numerous frameworks or theories were applicable
(Clark & Creswell, 2011).

5.1. Phase 1 - Initial interviews

The researchers conducted semi-structured phone interviews with
long-distance AT hikers using a modified Seidman (2013, p.21) ap-
proach during February of 2015 (n = 17; M ninues = 45). Interviewees
had hiked at least 500 miles during a single outing, including thru-
hiking the AT for a subset of the respondents. The researchers used
nonprobability convenience sampling to initially locate interview par-
ticipants and used snowball sampling to identify subsequent partici-
pants. The sample consisted of 13 males and four females ranging from
young adults to seniors. The researchers audio-recorded the interviews
and used standard coding procedures outlined by Saldana (2012) to
identify and verify the most important experiential elements of long-
distance hiking that aligned with the literature. Similar to the pre-
vailing literature, the interviews revealed that challenge, perceived
impact to the musculoskeletal system, trail tread aesthetics, and hiking
pace were important experiential elements for AT long-distance hikers.

5.2. Phase 2 - Instrument Development and data collection

Using Phase 1 results and relevant literature, the researchers de-
veloped measurement items that captured long-distance hikers’ pre-
ferences for trail conditions and experiential elements of long-distance
hiking. Following procedures outlined by Beeco et al. (2014), the re-
searchers used a) nine-point Likert scales to assess the preference of
trail conditions for each experiential element of long-distance hiking
(1 = do not prefer; 9 = highly prefer), b) rank order questions to
identify the trail condition most influential for each experiential ele-
ment, c¢) nine-point Likert scales that captured the importance of each
experiential element (1 = not important at all; 9 = extremely im-
portant), and d) a rank order question assessing how important each
experiential element was to the overall AT experience. In addition to
these measures, the researchers adapted previously validated items to
measure a) hikers’ Experience Use History, or the degree of previous
hiking experience (Schreyer, Lime, & Williams, 1984), and b) standard
demographics (U.S. Census Bureau, 2015). The researchers combined
these measures into a five-page, paper-based, anonymous ques-
tionnaire.

The researchers used photographs depicting trail conditions as part
of the questionnaires to help respondents understand and visualize the
trail conditions central to this study: trail incision, muddiness, rugosity,
width, and gradient. Refer to Section 2.1 Trail Conditions, for de-
scriptions and justification in using these trail condition indicators. The
researchers used photographs because visual methods more effectively
depict varying resource conditions than narrative descriptions
(Manning & Freimund, 2004). Experts (n = 3) reviewed the final se-
lected photos (n = 6; one for each trail condition) and the questionnaire
for content validity, sequencing, and item clarity. In the final step, the
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Hampshire, and 9 in Maine. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

researchers conducted a pilot study with hikers (n = 17) to assess the
overall clarity of the questionnaire and congruency with photographs.

The researchers administered the questionnaire using systematic
random probability sampling (Vaske, 2008) at the Trail Days Festival in
Damascus, Virginia in May 2015. This sampling location was deemed
ideal because Trail Days is a) is focused on the AT, b) attended by a
large number of long-distance hikers, c) popular with past and present
long-distance AT hikers, and d) is the largest annual gathering of AT
long-distance hikers in the world (Trails Days, 2016). The researchers
administered questionnaires to hikers who a) had hiked 500 AT miles or
more in a single outing, or b) were currently hiking the AT with the
intention of hiking 500 miles or more. Since capturing high variability
in survey responses was critical to this study, the researchers selected
trail days as the social data sampling location because a diverse group
of long-distance hikers were present in one location. Such diversity and
resulting variability in survey responses may not have been possible
using spatially confined sampling techniques at a small number of AT
trailheads, trail towns, or AT shelters.
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Following the questionnaire administration, the researchers as-
sessed trail conditions for 21, 5-km sections on the Northern AT (Fig. 3).
Similar to the social data, the researchers selected the Northern AT to
ensure high variability in measured trail conditions because the
northern third of the AT is the most environmentally diverse with
abundance of varying terrain (Appalachian Trail Conservancy, 2018).
Ultimately, sampling a diverse group of long-distance hikers at Trail
Days and sampling a trail section with high variability in trail condi-
tions ensured adequate variance for statistical analysis. The researchers
selected trail sections using the Generalized Random Tessellation
Stratified approach (GRTS), which is a spatially balanced sampling
approach with a true probability design dependent on location (Lister &
Scott, 2009). Within each section, GRTS was used to identify 50
transect points for trail condition assessments, which were field located
using a handheld Garmin 64 GPS unit.

At each transect point (N = 1050), the researchers assessed a)
maximum trail incision following procedures outlined by Marion,
Leung, and Nepal (2006), b) muddiness using the percent of each trail
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Table 1
Average trail conditions in each section.
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Section ID Incision (mm) Muddiness (%) Width (mm) Rugosity (mm?) Uphill (ft) Downbhill (ft)
6 - CT 88.46 0 869.94 1625.30 1193 1134
11 - MA 35.67 0 878.37 462.26 344 350
17 - MA 75.39 0 375.00 1033.27 912 780
21 - MA 68.40 0 882.08 1198.27 563 534
4 - MA 59.14 2.4 548.84 906.27 1594 115
19-VT 63.62 0 604.17 827.13 1199 867
12-VT 69.24 4.69 654.86 975.31 338 1114
5 -NH 63.58 3.85 706.79 749.96 715 836
13 -NH 73.83 4.69 743.78 1561.91 389 1552
18 - NH 59.82 3.98 616.23 806.52 458 1557
3-NH 161.15 0 1451.67 3704.52 1430 1001
8 - NH 79.93 0.91 1083.32 1198.51 1942 192
9 - ME 164.59 3.88 999.49 3771.48 2285 466
16 - ME 73.52 2.95 672.43 1150.35 1505 377
15 - ME 134.57 1.74 720.98 16143.18 1108 625
7 - ME 54.62 5.00 742.60 576.70 614 183
20 - ME 62.62 3.20 786.44 817.68 872 956
2 -ME 64.10 6.50 747.10 632.19 890 876
10 - ME 53.00 2.17 980.63 404.97 337 534
1-ME 44.77 1.04 602.92 471.86 681 546
14 - ME 28.46 0 622.89 216.81 1639 225
F-Value 5.48""" 9.64™"" 1.74" 2.04™" x2=220" x?=119""

Note. Incision average reported in millimeters. Muddiness averaged from the percent of mud found across the transect line. Rugosity average reported in millimeters.
Uphill and downhill reported as the total uphill and downhill for each section in feet traveling north on the AT. p < 0.05; “"p < 0.001.

transect containing mud (Marion et al., 2016), c) rugosity by calcu-
lating the variance of cross-sectional verticality across the trail
(Wimpey & Marion, 2010), and d) trail width (Wimpey & Marion,
2010). The researchers used Google Earth to identify the amount of
uphill and downhill in each of the 21 sections in the northbound di-
rection, because the northbound direction is the most popular direction
for AT long-distance hikers (Appalachian Trail Conservancy, 2018).

5.3. Phase 3 - Indexing variables and mapping

The researchers used two steps in the social-spatial mapping pro-
cess: 1) weighting variables in SPSS 22.0 and EQS 6.1, and 2) mapping
and analyzing the relationships in ArcMap 10.2.2. Specifically, the re-
searchers adapted and augmented weighting procedures outlined by
Beeco et al. (2014) and Kliskey (2000). Ultimately, each trail section
received scores for specific trail conditions, each experiential element of
long-distance hiking, and the overall experience using the procedures
described below.

5.3.1. Weighting variables

The researchers developed two variable weights adapting previous
weighting procedures described by Beeco et al. (2014) and Kliskey
(2000). The first weight (W;) captured the contribution of hikers’
preferences for each trail condition (incision, muddiness, rugosity,
width, uphill, and downhill) relative to each experiential element of
long-distance hiking (level of challenge, perceived impact to muscu-
loskeletal system, valuation of tread aesthetics, and ability to maintain
an ideal hiking pace). For example, a hiker may have preferred a rough
trail over a wide trail to experience challenge or a wide trail more than
an incised trail to maintain an ideal hiking pace. The second weight
(W) ranked the contribution of hikers’ preference for each experiential
element of long-distance hiking relative to the overall hiking experi-
ence. For example, a hiker may have preferred challenge more than
tread aesthetics when determining the quality of their overall hiking
experience or prefer an ideal hiking pace more than experiencing a
challenge. Overall, these weighting procedures produced scores that
represented each trail section’s capacity to provide a ‘preferable overall
experience’ relative to desirable trail conditions that contributed to
challenge, aesthetics, pace, and limited impact to musculoskeletal
system. Please see Peterson (2016) for specific weighting equations
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used in this study.

5.3.2. Mapping

The researchers imported these weights into ArcMap 10.2.2 along
with the locations of the 21 sections sampled and the AT centerline.
Next, trail section scores were then classified using Jenks Natural
Breaks (Jenks, 1963) and subsequently color coded, which depicted a
color for each trail section determined by weight. The final map in-
cluded five weighted layers for each trail section, comprised of a layer
for each of the four experiential elements of long-distance hiking, and
one aggregate layer for the overall experience scores.

6. Results
6.1. Description of the sample

During sampling, 336 long-distance hikers completed the ques-
tionnaire (response rate = 70%; 5.26% CI). This sample comprises ap-
proximately 9.7% of all A.T. thru-hikers (data is unavailable on section-
hiker numbers). The researchers used standard calculations for
leverage, kurtosis, and skewness to identify statistical outliers and to
verify univariate and multivariate normality of the data (Tabachnick &
Fidell, 2007). One case was excluded from subsequent analysis due to
extreme violations of multivariate normality identified using ? bounds
derived from the Mahalanobis Distance Equation (Tabachnick & Fidell,
2007).

The majority of respondents reported residing in the United States
(97.0%), specifically within the Eastern Time Zone (73.0%), with the
highest representation coming from Virginia and North Carolina (8.0%
respectively). The average age of respondents was 32 years. The ma-
jority of the sample was male (71.3%) with limited differences in re-
spect to race (90.5% self-identified as white). The sample had varying
educational backgrounds: 28% received some college, and 38.4% re-
ported receiving a 4-year college degree. Over one-third (38.7%) re-
ported making less than $24,999 in household income annually. On
average, the sample reported hiking 618 miles in the last 12 months,
and 2441 miles during their lifetime.
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Fig. 4. The influence of each trail condition to each experiential element of long-distance hiking. Mimportance derived from a 9-point Likert scale anchored with
1 = ‘not important at all’ and 9 = ‘extremely important’, in respect to the importance of the experiential element to the overall long-distance hiking experience.
Mimportance 1S significantly different across all four experiential elements (F = 5.61"""). The influence of each trail condition differs significantly within each ex-

perimental element (x> > 106.63""). “p < 0.001.
6.2. Trail conditions 6.3. Results of relationships between variables
One way ANOVA results and chi-square distributions were eval- Results addressing Research Question 1 (Which trail conditions in-

uated to identify the variability of trail conditions across trail sections fluence particular experiential elements of long-distance hiking, and to
(Table 1). Significant differences exist in the scores and distributions what degree?) are displayed in Fig. 4. Although, long-distance hikers
across all sections (p < 0.05), indicating that trail conditions vary felt all four experiential elements were important (Mimporance ranged
significantly across sampled trail sections. from 6.33 to 8.34 out of 9), sampled hikers ranked tread aesthetics as
being the most important experiential element. The average importance
rating was significantly different across all four experiential elements
(F=5.61; p < 0.001). Additionally, the influence of each trail
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condition differs significantly within each experimental element
(x*> > 106.63;p < 0.001). This suggests that trail experiences that are
important to long-distance hikers vary by level of importance and that
each experimental element is influenced by its own unique combination
of trail conditions.

Tread aesthetics was ranked by 50.2% of long-distance hikers as the
most important experiential element to the overall experience. Tread
aesthetics displayed a high mean importance (8.34 out of 9; + 1.01),
suggesting that long-distance hikers agree that tread aesthetics was
highly important. Muddiness (38% degree of influence) and incision
(25% degree of influence) were reported by long-distance hikers as the
trail conditions that negatively influenced tread aesthetics the most.

Long-distance hikers found level of challenge important to the
overall experience as well. Challenge was ranked by 38.5% of long-
distance hikers as being the most important experiential element to the
overall experience and received a mean importance score of 7.69
( £ 1.72). Different from tread aesthetics, uphill grade (59%) and
rugosity (32%) were reported by long-distance hikers as the trail con-
ditions that positively contributed to challenge the most. Conversely,
and logically, width (< 1%) had the smallest influence on challenge.

Perceived impact to the musculoskeletal system was shown to have
little influence on the overall experience; only 6.1% of long-distance
hikers ranked impact as the most important experiential element to the
overall experience, but most agreed that impact held some importance
(Mimportance = 7.07; s.d. = 1.86). Regarding the trail conditions that
influenced impact the most, long-distance hikers reported that downhill
(45%) and rugosity (29%) were quite influential.

The ability to maintain an ideal hiking pace was reported to be the
least influential experiential element to the overall experience. Only
5.2% of long-distance hikers ranked pace as being the most important
experiential element and pace received a moderate mean importance
score (Mimportance = 6.33; s.d. = 2.01). The larger standard deviation
for pace suggests high variation and potential disagreement about the
importance of pace. Rugosity (29%) and muddiness (28%) were re-
ported as the top two trail conditions that influenced pace.

6.4. Section scores for experiential elements and overall experience
Results displayed in Table 2 address Research Question 2 (Which
Table 2

Section scores for each experiential element of long-distance hiking and overall
hiking experience.

Section ID Challenge Aesthetics Pace Impact Overall
6 - CT 4.44 4.25 3.89 3.26 4.41
11 - MA 2.74° 5.29 5.61% 5.35 5.11
17 - MA 3.77 5.12 4.65 4.22 5.19
21 - MA 3.35 4.71 4.89 4.59 4.62
4 -MA 4.49 4.47 4.32 5.06 4.72
19 -VT 4.07 5.02 4.58 4.14 5.18
12 -VT 3.12 3.57 3.73 3.44 3.20
5-NH 3.45 3.87 4.03 3.99 3.67
13 -NH 3.51 3.22 3.09 2.44 2.89
18 - NH 3.28 3.88 3.66 2.86 3.57
3-NH 5.59 2.35 2.48 2.27° 2.63
8 - NH 5.06 4.00 4.14 4.76 4.40
9 - ME 6.65° 1.61° 1.53° 2.64 2.12°
16 - ME 4.53 3.94 3.89 4.45 4.12
15 - ME 5.25 2.90 2.51 2.77 3.11
7 - ME 3.14 3.74 4.37 5.07 3.46
20 - ME 3.69 3.94 3.98 3.79 3.82
2 -ME 3.66 3.07 3.39 3.73 2.82
10 - ME 2.76 4.36 4.97 4.85 4.05
1-ME 3.21 5.11 5.07 4.87 5.02
14 - ME 4.25 5.57% 5.21 5.467 5.90%

Note. Scores scaled from ‘1’ (not preferable) to ‘7’ (highly preferable); scores
denoted with ®represent the high score, and scores denoted with Prepresent the
low score in each column.
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sampled trail sections contain conditions that contribute to high or low-
quality hiking experiences?). Table 2 notes which sections had the
highest and lowest scores for each experiential element and the overall
experience. Table 2 was imported into ArcMap 10.2.2 to produce map
layers shown in Figs. 5-9. Fig. 5 displays section scores for level of
challenge, Fig. 6 displays section scores for valuation of tread aes-
thetics, Fig. 7 displays section scores for the ability to maintain an ideal
hiking pace, Fig. 8 displays section scores for perceived impact to the
musculoskeletal system, and Fig. 9 displays section scores for overall
experience.

6.5. Level of challenge

Section 9 received the highest score for level of challenge (6.65).
Section 11 received the lowest score (2.74). Sections 3 and 9 received
‘highly preferable’ scores and sections 10 and 11 received ‘not prefer-
able’ scores (Table 2, Fig. 5).

6.6. Valuation of tread aesthetics

Section 14 received the highest score for tread aesthetics (5.57), and
Section 9 received the lowest score (1.61). Sections 1, 11, 14, 17, and
19 received ‘highly preferable’ scores and sections 3 and 9 received ‘not
preferable’ scores (Table 2, Fig. 6).

6.7. Ability to maintain an ideal hiking pace

Section 11 received the highest score for ability to maintain an ideal
hiking pace (5.61) and similar to tread aesthetics, Section 9 received the
lowest score (1.53). Sections 1, 10, 11, 14, and 21 received ‘highly
preferable’ scores and sections 3, 9, and 15 received ‘not preferable’
scores (Table 2, Fig. 7).

6.8. Perceived impact to the musculoskeletal system

Section 14 received the highest score for perceived impact to the
musculoskeletal system (5.46). Section 3 received the lowest score
(2.27). Sections 4, 7, 11, and 14 received ‘highly preferable’ scores and
sections 3, 9, 13, 15, and 18 received ‘not preferable’ scores (Table 2,
Fig. 8).

6.9. Overall experience

Section 14 received the highest score for overall experience (5.90),
which is a function of high scores for aesthetics, impact, and overall
experience. Section 9 received the lowest score (2.12). Sections 1, 11,
14, 17, and 19 received ‘highly preferable’ scores and sections 2, 3, 9,
and 13 received ‘not preferable’ scores (Table 2, Fig. 9).

7. Discussion

Although researchers have tangentially explored the relationships
between trail conditions and experiential elements of long-distance
hiking, researchers have not investigated and mapped these relation-
ships over 734 miles of a long-distance hiking trail. This research ad-
dressed this gap by evaluating the relationships between trail condi-
tions and experiential elements of long-distance hiking on the northern
section of the AT. The modified RSM techniques used in this study
appear to provide an efficient means to compare the experiential
quality of different trail sections and identify relationships between
trail conditions and experiential elements of long-distance hiking. The
methods and results have implications for trail managers interested in
the influence of trail conditions on the hiking experience, enhancement
of the hiking experience, and construction of informative maps, which
are discussed in this section. In addition, this discussion addresses
Research Question 3 (What are effective techniques for indexing and
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Fig. 5. Map layer for level of challenge. Scores scaled from ‘1’ (not preferable) to 7’ (highly preferable).
mapping relationships between trail conditions and experiential ele-

ments of long-distance hiking?) and Research Question 4 (How may
spatially mapping the relationships between trail conditions and ex-

periential elements of long-distance hiking inform management deci-
sions regarding trail improvement and maintenance?).

7.1. GIS techniques for indexing and mapping

The methods used to index and map the social-spatial relationships
in this research advanced the RSM techniques previously used by Beeco

et al. (2014) and Kliskey (2000). The modified RSM methods developed
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in this study reveal information for restricted recreational corridors,
such as a hiking trail. The two-weight method employed in this study
was critical towards understanding data.

The first weight helped assign scores to trail sections for each ex-
periential element of long-distance hiking. The resulting information
after applying the weights suggests what particular type of experience is
likely for each trail section considering the presence of trail conditions.

For example, section 11, located in southern Massachusetts received the
highest score for pace (Table 2, Fig. 7). This section is most likely a

section where maintaining an ideal hiking pace is possible. Moreover,
since muddiness and rugosity influence pace the most (Fig. 4), sections
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Fig. 6. Map layer for valuation of trail aesthetics. Scores scaled from ‘1’ (not preferable) to ‘7’ (highly preferable).
with a high pace score likely have less muddiness and rugosity. Like-

wise, Section 9 received the lowest score for pace. This section had
higher amounts of muddiness and rugosity (Table 1). We note that
seasonality can affect one of our trail condition variables, muddiness,
though long-distance hikers will attest to the chronic nature of mud-
diness in the northeastern states, particularly in Vermont and Maine.
The second weight, which helped identify overall experience scores,
reveals long-distance hikers’ potential overall preference levels for a
particular section. The analysis of this information helps highlight
specific trail sections that may contribute to high-quality hiking ex-
periences. For example, section 14 received the highest overall
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experience score, and the highest aesthetics score, and the most im-
portant experiential element to long-distance hikers was aesthetics.
Since section 14 received the highest score for aesthetics, this caused
this section to receive the highest score for overall experience. This
relationship can further be analyzed (using Fig. 4) to see which trail
conditions are most influential to aesthetics (muddiness and incision).
These modified RSM techniques may be transferable to other re-
stricted recreational corridors once social and ecological conditions are
determined and quantified with questionnaires. For example, these

methods may be transferable to other trails, such as the Pacific Crest

Trail (PCT), by first identifying important social and ecological
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logical variables, and measuring ecological conditions. Once mapped,
this information could show the locations for scores of experiential

E | |
Fig. 7. Map layer for the ability to maintain an ideal hiking pace. Scores scaled from ‘1’ (not preferable) to ‘7’ (highly preferable).

elements and the overall experience that are unique to the PCT. In
accordance the same methods are valid for international long-distance,
such as the Grande Traversata delle Alpi (a 620 mile trail in the Alps)
and the Kungsleden (a 270 mile trail in Sweden).

7.2. Management implications

Spatially mapping the relationships between trail conditions and
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experiential elements of long-distance hiking is important for trail
sustainability. The sustainability of trails is not solely about trail design;
it is also important for managers to understand how the condition of the
trail influences the quality of the hiking experience. When hikers have a
high-quality overall experience, they are more inclined to partake in
low-impact practices towards the resource (Williams et al., 1992).

The methods used in this research provide section scores and maps
that show how trail conditions influence hiking quality, and how the
experience may possibly change depending on location. Resulting map

layers identify experiential differences between sections. The locations

of problematic experiential elements are easy to identify using the map
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Fig. 8. Map layer for perceived impact to the musculoskeletal system. Scores scaled from ‘1’ (not preferable) to ‘7’ (highly preferable).

layers. It is possible to then identify problematic trail conditions in

these sections. We suggest that trail managers should also consider
these experiential factors when making decisions about which trail
conditions should be addressed through trail relocation, reconstruction,
or maintenance actions.

The researchers imported both weights into ArcMap computer
software to create five map layers; one layer for each experiential ele-
ment of long-distance hiking (W; scores), and a layer for overall ex-
perience (W, scores). Using the map and its associated layers, managers
can quickly view and evaluate these layers to compare scores for trail
sections across each experiential element and the overall experience.
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Managers can analyze specific trail sections to see how experiential
elements influenced the overall experience. Then using information in
the results (such as Fig. 4) managers can determine a) the extent that
trail conditions are present in each section; b) the level of influence of
trail conditions on each experiential element; and c) the level of in-
fluence each experiential element had on the overall experience. For
example, using the map and its layers, researchers and managers could
initially view a section’s overall experience score. Next, the manager
could visually review each experiential element map layer for that trail
section to analyze how that section scored for particular experiential
elements to gain an understanding of which experiential outcomes are
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Fig. 9. Map layer for overall experience. Scores scaled from ‘1’ (not preferable) to ‘7’ (highly preferable).

more likely for that section. Then using information in the results
(Fig. 4), managers can determine how the presence and the extent of
trail conditions influenced that specific section.

Managers can use these results to design trails for specific elements
of the hiking experience. For example, if managers design a trail for
challenge, then the trail should contain substantial elevation gain/loss
and rough terrain. Managers might choose different goals for specific
trails depending on location, such as backcountry or front country
settings. The information in Fig. 4 enables trail managers to design
trails for particular purposes. In addition, Fig. 4 also shows evidence of

which experiential elements are most important to long-distance hikers.
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7.3. Detailed discussion of sections 9 and 14

Trail sections 9 and 14 warrant additional discussion. These two
sections had extreme scores for some elements of the hiking experience
and overall experience scores. Specifically, section 9, located the
furthest south in Maine in Grafton Notch State Park received the lowest
preferability score. Conversely, section 14, located the furthest north in

Maine in Baxter State Park, received the highest score for overall pre-
ferability.

As seen in the results, the Grafton Notch State Park section received
the highest score for level of challenge but received the lowest score for
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valuation of tread aesthetics, maintaining an ideal hiking pace, and
overall experience. It is interesting that even though this section re-
ceived the highest score for challenge, it still received the lowest overall
experience score due to variable weighting. Specifically, this section’s
challenge score was offset by its low score for tread aesthetics, which
had significantly more influence on the overall experience score.
Section 9 explicitly displays the high level of importance tread aes-
thetics has to long-distance hikers. This section was shown to have high
incision, muddiness, width, rugosity, and uphill (Table 1), which all
factored into Section 9 receiving the lowest score for tread aesthetics.

Section 14 is located in northern Maine in Baxter State Park. This
section received the highest score for tread aesthetics, which influenced
its high overall experience score. This section had low scores for inci-
sion, muddiness, and rugosity (Table 1), which contributed to this
section receiving the highest score for tread aesthetics. The findings for
this section align with the regulations at Baxter State Park, which has
stricter conservation rules than many of America’s national parks
(Baxter State Park, 2012; Irland, 1991). At Baxter State Park con-
servation regulations take precedence over accessibility, and it appears
that management objectives and associated management practices help
keep the trails in a highly preferable condition, enhancing tread aes-
thetics, and maintaining high-quality hiking experience. This section’s
high scores display Baxter State Park’s priority towards the trail and
associated conservation.

7.4. Future research and limitations

Although this research identified the relationships between trail
conditions and experiential elements of long-distance hiking, limita-
tions do exist. First, this research only analyzed 21 trail sections of the
AT. Although this equates to approximately 65 miles, it is not enough
information to label vast parts of the AT, such as an entire state.
Additionally, the transect and segment sampling approach in this study
does not allow for identification of relationships outside the sampled
sections. Another limitation is that social validation of the data has not
occurred. Through interviews with long-distance hikers, it is possible to
validate the findings in this research. For example, researchers can in-
terview long-distance hikers at a specific location to identify if the
findings from this study align with the sentiment of the hiker. Lastly,
this research only focused on ‘tread aesthetics’, not the visual aesthetics
that surround the trail, which may include vegetation type and density,
color variation, and vistas. As a result, future research should address
these limitations. The research was conducted in North America and
research participants were largely U.S. residents. Future research
should investigate the transferability of the methods and the general-
izability of results with other populations and long-distance trails out-
side North America.

Even though the purpose of this study was to map experiences along
the AT, this could be viewed as a downside to the capabilities of RSM. It
could be argued that further mapping of high-use areas, such as the
Appalachian Trail, may take away from user experience, because fur-
ther mapping may prevent user discovery while recreating. However,
the information provided by this study is useful for planning hikes
along the AT and knowing what type of experience to plan for. Even
though a section may be labeled as providing a specific experience, that
experience cannot be discovered until the user is on the trail and feeling
the sensations and emotions that are born from hiking the trail.

8. Conclusion

Analyzing the relationships between trail conditions and experi-
ential elements is an important new method for integrating the resource
and experiential components of outdoor recreational experiences. This
research serves as a foundational component investigating and mapping
the relationships between trail conditions and experiential elements of
long-distance hiking. Long-distance hiking trails are an expansive
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natural resource, and there must be continued evaluation of the sus-
tainability of these massive and grand resources, and further under-
standing of the population hiking these trails.
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