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Abstract
Introduction: Actively recreating in natural environments enhances physical and mental health but also carries risk.
We aimed to characterize wilderness day hikers and trail runners and examine factors that predict preparedness.
Methods: We conducted a cross-sectional survey in 4 distinct areas of Rocky Mountain National Park in Colorado
during June to August of 2024. English-speaking adults returning from a day hike or trail run were invited to participate.
We classified visitors as prepared based on the gear they reported carrying.
Results: Of 801 potential participants approached, 586 day hikers (82.3%) and 68 trail runners (76.4%) agreed to par-
ticipate. The overall average age was 40.7 y (range 18–82 y), 50.1% were female, and the most common state of res-
idence was Colorado (47.3%). Day hikers tended to be older, travel in larger groups, and spend fewer days in the
wilderness per year, whereas trail runners reported higher levels of experience and wilderness preparedness and
were more likely to experience “close calls.” A minority of participants met our definition of wilderness prepared,
about half were altitude prepared, and approximately a quarter did not tell anyone where they were going or
when they expected to return. Several measures of experience were associated with preparedness.
Conclusion: Both equipment and knowledge are important for safely when enjoying and leaving wilderness settings.
Yet, many wilderness users in Rocky Mountain National Park did not meet our definition of adequate preparation,
especially those with less experience. Additional efforts to increase the proportion of wilderness day users who are
prepared may help further improve visitor safety.
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Introduction
The popularity of outdoor activities, such as hiking and
off-road running, has increased dramatically in recent
years, and participating in outdoor recreation increased
during the COVID-19 pandemic.1–3 Rocky Mountain
National Park (RMNP), a large wilderness park in
Colorado, is one of the most visited national parks in the
United States.4,5 RMNP encompasses 415 square miles
(1075.8 square km), 94.8% of which is designated as wil-
derness. The elevation in RMNP ranges from 7600 to
14,259 ft (2316–4346 m) and includes 355 mi (571 km)
of established trails.6 Although the vast majority of visitors
recreate without incident, between 2009 and 2011, the
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park averaged 229 rescue operations per year.7 Day hikers
make up the overwhelming majority of Search and Rescue
(SAR) operations in RMNP.8

Many common mishaps in wilderness settings are eas-
ily preventable. For example, acute mountain sickness
(AMS), dehydration, and respiratory distress can be pre-
vented with acclimatization, access to proper hydration,
and prophylaxis with medications such as acetazolamide
and dexamethasone.9,10 When injury or illness occurs in
wilderness settings, preparedness may help mitigate mor-
bidity and mortality. Preparedness requires both knowl-
edge and gear. Previous studies have used the “10
essentials” list of key items to carry in case of problems
as a proxy for whether hikers are prepared.11 Many visitors
to RMNP, especially those visiting Longs Peak, are unac-
customed to the extreme altitude.12 Previous research also
has documented that most people on the highest mountain
peaks in Colorado have low preparedness, often lacking
medical knowledge and/or safety gear.13 Taken together,
it would be beneficial to have additional information on
wilderness users and how preparedness in gear or knowl-
edge can prevent dangerous situations.

While the epidemiology of preparedness in some out-
door populations, such as backpackers and climbers, has
been studied in both RMNP and in general, there is a
dearth of peer-reviewed studies on US off-road run-
ners.13–15 Off-road running includes trail runners, moun-
tain running, skyrunning, fell running, orienteering,
cross-country running, and ultramarathon running (collec-
tively referred to as trail runners).16 While trail running
has many benefits, it also carries a high risk of injuries.17,18

Trail running is semi- to fully self-sufficient, whereby run-
ners must carry their own gear, navigation, hydration, and
food.16 Compared with hikers, trail runners often travel
further distances while carrying lighter packs with minimal
hydration due to weight or comfort concerns, a combina-
tion that may put them both at higher risk of injury and
at higher risk of adverse outcomes if an incident
occurs.15,19,20 Previous research has focused primarily
on trail running in race environments.21,22 We were unable
to find any previous studies specifically examining recrea-
tional trail runner preparedness and habits. Additionally,
no study has examined preparedness among visitors to
RMNP following the COVID-19 pandemic (after 2020),
a period when park usage first dropped significantly and
subsequently surged.4 During the COVID-19 pandemic,
after initial stay-at-home orders ended, many people
turned to outdoor recreation as a safe, healthy, and benefi-
cial activity—a substantial portion of whom were new or
inexperienced.3,23

To address these knowledge gaps, we conducted a
cross-sectional survey in RMNP in 2024 during the 3 busi-
est months of the year. Our goals were to 1) characterize
the demographics, experience, and preparedness of post-
pandemic wilderness day users and 2) examine the

association between experience and preparedness among
both trail runners and day hikers.

Methods
We administered a cross-sectional survey to a convenience
sample of day hikers and trail runners on backcountry
trails in RMNP in June, July, and August of 2024.
RMNP was chosen because of its popularity, varied eleva-
tion, and generalizability to other large mountainous wil-
derness parks. More than 4 million visitors enter RMNP
each year, and more than half of the total visits each
year occur during these 3 months.4 We approached day
hikers and trail runners in 4 areas of the park (Bear
Lake, Longs Peak, Wild Basin, and the Colorado River
District; Figure 1). Each area of the park was sampled
on a rotating basis on both weekends and weekdays
throughout the 3 months, for a total of 38 sampling
days. These areas were selected to provide a sample of
users across trails that varied in characteristics, popularity,
and difficulty level. Longs Peak was of particular interest
because it has high use and high altitude; most of the trail
is above tree line and therefore very exposed, with fre-
quent extreme weather.24 The Bear Lake area is one of
the most visited locations in the park and is often recom-
mended for its network of trails, accessibility, and
lakes.25,26 The other trailheads offer hikes of varying dif-
ficulty, popularity, terrain, elevation, and other attributes.
National Park Service (NPS) signage at the beginning of
all trailheads surveyed listed essential items to carry, the
hazards of high altitude (including the symptoms of
AMS), a reminder to let someone know where you’re
going and when to expect you back, regulations (including
“Stay on trail”), a map, hazard information, and more (see
Supplemental Figure 1).

We approached potential participants as they were
returning from their hike/run to minimize recall bias about
their experience. Potential participants were informed of
the study purpose and asked if they would be interested
in participating. We approached every third group of day
hikers and every trail running group. Those who met the
inclusion criteria (≥18 years of age, literate in English,
and returning from a hike or run that was <24 hours in
duration and >2 miles) and were willing to participate
were invited to complete the anonymous survey on a tab-
let. The first section of the survey included information
required for informed consent. Given the wilderness con-
text of the study, the use of tablets to administer the survey
digitally, and verbal consent procedures, participants did
not receive a copy of the consent form. All participants
hiked or ran in wilderness designated areas. If hikers/run-
ners were in a group, only 1 person per group was eligible
to take the survey. For groups with more than 1 person, the
person with the next birthday was asked to take the survey
to eliminate volunteer bias. The survey was developed and
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implemented in REDCap, and administered via tablets in
offline mode. Survey responses were uploaded to
REDCap once internet access was available. The study
was approved with an exempt determination by the
Boston University Medical Campus Institutional Review
Board.

Most of the survey questions were multiple choice or
spectrum based; some were optional and open
response.12,27 Hikers and trail runners self-selected their
level of wilderness experience (one, little, some,

experienced), days/years of wilderness experience, self-
designated preparedness, equipment carried, health status,
demographics, residence, hike completion status, altitude
experience, and health problems or safety concerns
encountered during the hike. Most survey questions were
intended for the individual answering the survey, but
some required considering everyone in the group.

We are not aware of any standardized convention for
determining day hiker/trail runner preparedness or altitude
preparedness. Consequently, we developed our own scale

Figure 1. Study trailheads. A map of the park showing the trailhead locations that were surveyed within Rocky Mountain National
Park. Base map data: Copyright OpenStreetMap; data: National Park Service.
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to assess each of these, using previously published litera-
ture,12,13,27 wilderness educational information, and feed-
back from experienced outdoor enthusiasts. Participants
were categorized as “wilderness prepared” if they had at
least 1 L of water and 7 of 13 of the “10 essentials” and
a map or equivalent and either 2 rescue devices or 8 of
15 recommended first aid items. The rationale for this scale
is that prepared visitors should have adequate hydration,
carry the “essentials,” be able to orient themselves, and
be able to signal for help or be equipped for basic first
aid in the event of an injury or illness.28 We included 13
items on our list of “10 essentials” because different
sources include different essentials, and although most
overlap, some participants may reasonably opt to carry dif-
ferent items depending on their source of information.29–32

Similarly, we used a scale to determine whether partic-
ipants were prepared for high altitude. Participants who
scored 3 or more points were categorized as “altitude pre-
pared.” One point was awarded for each of the following:
having an altimeter or equivalent (topographic map +
compass or a GPS device), taking or considering pharma-
cologic prophylaxis for altitude illness, self-reporting a
safe ascent plan, and knowing at least 2 of the major symp-
toms of AMS (headache, emesis, fatigue, difficulty sleep-
ing, tachycardia, irritability, dyspnea, and dizziness).10

Synonyms for certain AMS symptoms were accepted as
correct. This scale is identical to that used in a previous
survey study conducted in RMNP in 2018.12

Data were stored and analyzed in REDCap, Microsoft
Excel 2016 (Microsoft Corp, Redmond, WA) and R (ver-
sion 4.2.3).33 Data cleaning included removing extreme
values likely to be typos (e.g. age −35 was removed).
We performed descriptive statistics and multivariate logis-
tic regression analysis to quantify the association between
experience and preparedness, adjusting for activity, trip
time, sex, age, and group size. Continuous variables
were tested for statistical significance using an indepen-
dent 2-sample t test, and categorical variables were tested
with Pearson’s χ2 test for independence. P≤0.05 was used
to determine statistical significance. Based on a priori
power calculation, we planned to enroll at least 515 partic-
ipants because this number was estimated to provide suffi-
cient sample size to find a 15% absolute difference in the
proportions of groups that are prepared using χ2 single-
variable analysis, with extra statistical power for multivar-
iate logistic analysis. We express our findings of the
regression analysis as odds ratio (OR) with 95% confi-
dence intervals (CI).

Results
We invited 801 groups or individuals (712 day hikers and
89 trail runners) to participate in the study. Of these, 82.3%
(n=586) of day hikers and 76.4% (n=68) of trail runners
consented to participate (median age 38 y, range 18–82

y, interquartile range 28–52 y). Approximately half the
respondents were female (50.1%), and the most common
state of residence was Colorado (47.3%). Respondents
represented a total of 1714 individuals from 44 US states
and 15 countries.

Differences Between Groups
Compared to day hikers, trail runners were more likely to
be male, younger, and travel in smaller groups (Table 1).
Group sizes ranged from 1 to 20 for day hikers (median
2) and from 1 to 5 (median 1) for trail runners. Day hikers
reported significantly fewer days of wilderness experience
per year (30.1±37.3 vs 92.7±86.1, mean ± SD) compared
with trail runners. Trail runners also tended to have more
days of wilderness experience per year, self-reported
higher wilderness experience levels, and were more likely
to have previously experienced a wilderness injury/illness.
Trail runners reported going “significantly off trail” at
much higher rates than day hikers (26.9% vs 3.3%).
Trail runners were more frequently only recreating in the
wilderness for 1 day, whereas day hikers reported recreat-
ing in the wilderness for more consecutive days. Trail run-
ners self-reported higher levels of physical fitness than day
hikers; few (n=34) participants in either group self-
reported low fitness. More than 90% of participants
reported completing their planned hike or run.

The overall proportion of those who experienced inju-
ries or illness on the day of the survey was low: 2.9% of
hikers and 4.5% of runners. The most common injuries
were ankle injuries, and the most common illness was
AMS. Significantly more trail runners reported experienc-
ing safety concerns or “close calls” on the day they partic-
ipated compared to day hikers (13.4% of runners, 6%
hikers, P=0.023). The most common of these close calls
were weather related (e.g. being above the tree line in a
thunderstorm), followed by falls and near falls.

Nearly all day hikers (87.7%) and trail runners (88.2%)
categorized themselves as “adequately prepared” or
higher; however, only a minority of day hikers (15.7%)
and trail runners (25.0%) were classified as wilderness pre-
pared using our measure. Less than half were categorized
as altitude prepared. Overall, those who reported living at
altitude were less likely to consider altitude prophylaxis
(1.2% vs 5.4%, P=0.012) compared with others. Those
who lived at altitude were more likely to be altitude pre-
pared (46.8% vs 38.1%, P=0.039). Fewer day hikers
informed a third party of their plan for the day or when
to expect them back compared with trail runners (72.9%
of hikers, 83.6% of runners). On average, day hiker groups
reported carrying more first aid items than trail runners.
Individuals from both groups reported carrying about the
same number of essential items.

Extra food and extra clothing were the most commonly
carried essential items among respondents (Figure 2). Day
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Table 1. Characteristics of Day Hikers and Trail Runners in Rocky Mountain National Park (RMNP) in Summer 2024.

Overall,
N=654

Day hiker,
N=586

Trail runner,
N=68 P-valuea

Age (y), median (p25, p75) 38 (28, 52) 39 (28, 53) 32 (28, 45) 0.019
Age category (y), n (%) 0.108

18–29 201 (31%) 176 (30%) 25 (37%)
30–39 142 (22%) 122 (21%) 20 (30%)
40–49 117 (18%) 106 (18%) 11 (16%)
50–59 97 (15%) 91 (16%) 6 (9.0%)
60+ 94 (14%) 89 (15%) 5 (7.5%)

Group size, median (p25, p75) 2.0 (2.0, 3.0) 2.0 (2.0, 3.0) 1.0 (1.0, 2.0) <0.001
Sex, n (%) 0.034

Male 316 (48%) 273 (47%) 43 (63%)
Female 324 (50%) 300 (51%) 24 (35%)
Other/unknownb 14 (2.1%) 13 (2.2%) 1 (1.5%)

Wilderness experience level, n (%) <0.001
None/little 115 (18%) 113 (20%) 2 (3.1%)
Some/experienced 522 (82%) 459 (80%) 63 (97%)

Experienced safety concerns or “close calls” today, n (%) 44 (6.8%) 35 (6.0%) 9 (13%) 0.023
Informed third party of plans and when to expect them back, n (%) 479 (74%) 423 (73%) 56 (84%) 0.060
Wilderness prepared, n (%)c 109 (17%) 92 (16%) 17 (25%) 0.052
Altitude prepared, n (%)d 260 (41%) 228 (40%) 32 (49%) 0.166
Consecutive days planning to be in the wilderness, n (%) <0.001

1 d (today only) 291 (46%) 247 (43%) 44 (68%)
2–3 d 144 (23%) 137 (24%) 7 (11%)
4–6 d 111 (17%) 107 (19%) 4 (6.2%)
7+ d 89 (14%) 79 (14%) 10 (15%)

Number of essential items carried, median (p25, p75) 6.0 (3.0, 8.0) 6.0 (3.0, 8.0) 6.0 (3.0, 8.0) 0.806
Number of first aid items carried by group, median (p25, p75) 2.0 (1.0, 4.0) 2.0 (1.0, 4.0) 1.0 (0.0, 3.0) 0.002

aPearson’s χ2: Rao and Scott adjustment, design-based Kruskal-Wallis test.
b6 (1%) hikers selected ‘prefer not to answer’ for sex, 1 hiker was non-binary
cParticipants were categorized as ‘wilderness prepared’ if they had at least 1L water, and 7/13 of the ‘10 essentials’, and a map or equivalent, and either
two rescue devices or 8/15 recommended first aid items
dParticipants were categorized as ‘altitude prepared’ if they reported at least 3 of: having an altimeter or equivalent, taking or considering
pharmacologic altitude illness prophylaxis, self-reporting a safe ascent plan, knew at least two of the major symptoms of AMS.

Figure 2. Percentage of individuals carrying each essential item by activity. Statistical significance marker: *P<0.05.
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hikers were significantly more likely to carry extra water, a
first aid kit, and a knife compared with trail runners. Trail
runners were significantly more likely to carry a light
source and water treatment method compared with day
hikers.

Figure 3 shows the proportion of specific types of nav-
igation and communication gear carried by a respondent or
someone in their group. Nearly all participants/groups car-
ried a cell phone. Trail runners were significantly more
likely to carry a GPS device, altimeter, 2-way satellite
messenger device, and personal locator beacon compared
with day hikers. Just over half of all groups carried a
map during their wilderness day hike or trail run.

Sunscreen was the most common first aid item carried
by both groups. Day hikers were significantly more likely
to carry sunscreen and bandage/tape compared with trail
runners (Figure 4). Overall, most groups did not carry
most of the 15 first aid items asked about in the survey.

Trail Runner Characteristics
We encountered relatively few trail runners while survey-
ing, 142 individuals (compared with 5604 individual day
hikers and 270 individuals doing other activities).
Among trail runners, those who reported scrambling dur-
ing their run were significantly more likely to report hav-
ing gone “significantly off trail” (8.7% vs 36.4%). Male
trail runners were significantly more likely to report going
“significantly off trail” during their run compared with
female participants (see Supplemental Table 1). Those
who reported scrambling also rated their run as more

difficult, went on longer runs, carried more first aid and
essential items, and were more likely to live in Colorado
(see Table 2 and Supplemental Table 2).

Wilderness Preparedness and Experience
Our survey asked several questions related to experience.
We then fit a model to examine overall experience-related
predictors of wilderness preparedness and found key pre-
dictors related to experience: trip length, days spent in
the wilderness settings per year, higher self-reported expe-
rience level, and prior wilderness injury history all signifi-
cantly increase the odds that someone was wilderness
prepared (Table 3). Self-reporting being “some/experi-
enced” vs “none/little”was associated with more than dou-
ble the odds of preparedness; each additional day spent in
the wilderness per year was associated with slightly higher
odds (∼0.5% per day) of preparedness; each additional
hour of trip time was associated with higher odds of pre-
paredness by ∼21% per hour; and having experienced a
prior wilderness injury/illness was associated with higher
odds of preparedness by ∼80%, possibly reflecting
increased caution or experience following injury. The
number of years of wilderness experience reported did
not significantly change the odds of being wilderness pre-
pared, nor did the number of times a person had been on
that trail before.

Those who were wilderness prepared were significantly
more likely to have told a third party of their plans, to have
been at high altitude before, to be altitude prepared, to be
on trail for more hours, and live in Colorado. There was no

Figure 3. Percentage of people/groups carrying navigation and communication gear by activity. Statistical significance marker:
*P<0.05.
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significant association between wilderness preparedness
and age, sex, group size, talking to the NPS staff or reading
NPS materials, amount of water carried, trip completion
status, or injury/illness on the day of the survey.

Discussion

Differences Between Groups
In this survey of 654 recreational wilderness day hikers
and trail runners in RMNP, we found significant differ-
ences between day hikers and trail runners—runners
tended to be younger, were more often male, experienced
more safety concerns on trail, and tended to be more expe-
rienced overall. More frequently, trail runners traveled
alone and reported going “significantly off trail,” likely
increasing their risk if injured. Although most day hikers
and trail runners informed a third party of their plans
and when to expect them back, a substantial minority
did not. Additionally, both day-use visitor groups overes-
timated their level of wilderness and altitude preparedness.

Our findings differ from prior literature in several
important ways. We found that about half of day hikers
were female and a majority (63%) of trail runners were
male, whereas previous studies of similar hiking popula-
tions in other outdoor areas and times generally found

that ∼60% were male.11,17,35 This finding may indicate
that the gender distribution of day hikers may have chan-
ged after the pandemic. Our study found no difference in
or association with sex on wilderness preparedness, dif-
fering from the findings of Yue et al.12 The number of
essentials carried in our study generally was lower than
that found in other studies in New Hampshire and
Colorado, although this is likely explained by the exclu-
sion of overnight backpackers from our study and inclu-
sion in others.13,27 The number of essential items carried
in our study (mean=5.6±3.05, median 6) was slightly
higher than that found in 2016 by Daniel et al (mean=5
±2, median 5) in New Hampshire day hikers.36 Daniel
et al reported that the most commonly needed “10 essen-
tials” were the same top 4 (extra food, clothing, water,
and rain gear) carried in our sample, although our study
found a low proportion carrying a first aid kit—a key
piece of gear to prepare for common adverse events. In
our study, 11% of all participants reported carrying
between 10 and 13 of the “10 essentials” items, whereas
27.2% of participants reported carrying >7 of the essen-
tials. This is lower than what Mason et al found, in which
40.6% carried >7 and 17.8% all 10 essentials in New
Hampshire.27 This may be due to small sample size
(n=199) and very different areas (New Hampshire) and
years (2011).

Figure 4. Percentage of people/groups carrying each first aid item by activity. Statistical significance marker: *P<0.05. NSAID,
nonsteroidal anti-inflammatory drug.
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Trail Runner Characteristics
To our knowledge, this study is the first of its kind to eval-
uate wilderness preparedness among trail runners com-
pared with general wilderness preparedness. Trail
runners were found to have distinct characteristics and pat-
terns. Trail runners reported experiencing safety concerns
or “close calls” on the day of the survey in higher propor-
tions than day hikers. This may be due to their higher
speed and resulting reaction-time differences or may be
due to other factors. Notably, a high percentage of trail
runners went “significantly off trail” (26.9%), especially
those who reported scrambling. These trail runners are typ-
ically more difficult to find if a search is initiated. In recent
years, multiple trail runners have gone missing or died
while off trail or scrambling, and SAR teams have had dif-
ficulty finding or reaching them.20,34,37 These findings,
taken together, illustrate the importance of trail runners
prioritizing measures to ensure their safety, even more so
than for day hikers. Our results confirm findings from a
recent study of Brazilian trail runners that reported high
rates of injuries (36%) in the past 12 months.17 The lower
participation rate and smaller sample size of trail runners
suggest the need for further inquiry into this group. Just
over 40% of runners in our study reported previously

Table 2. Characteristics of Trail Runners by Level of Wilderness Preparedness.

Overall,
N=68

Not wilderness prepared,
N=51

Wilderness prepared,
N=17

P-
valuea

Sex, n (%) 0.690
Male 43 (63%) 31 (61%) 12 (71%)
Female 24 (35%) 19 (37%) 5 (29%)
Other/unknown 1 (1.5%) 1 (2.0%) 0 (0%)

Age category, n (%) 0.195
18–29 25 (37%) 15 (30%) 10 (59%)
30–39 20 (30%) 17 (34%) 3 (18%)
40–49 11 (16%) 8 (16%) 3 (18%)
50–59 6 (9.0%) 6 (12%) 0 (0%)
60+ 5 (7.5%) 4 (8.0%) 1 (5.9%)

Group size, n (%) 0.163
1 39 (57%) 32 (63%) 7 (41%)
2 17 (25%) 13 (25%) 4 (24%)
3 6 (8.8%) 3 (5.9%) 3 (18%)
4 5 (7.4%) 2 (3.9%) 3 (18%)
5 1 (1.5%) 1 (2.0%) 0 (0%)

Trip time (h), median (p25, p75) 4.5 (3.0, 6.5) 4.0 (3.0, 6.0) 6.0 (4.5, 7.0) 0.045
Number of times on this trail before today,
median (p25, p75)

1 (0, 6) 1 (0, 10) 1 (0, 4) 0.592

Days of wilderness experience per year, median
(p25, p75)

70 (30, 104) 50 (30, 100) 100 (30, 150) 0.277

Years of wilderness experience, median (p25,
p75)

14 (6, 25) 15 (7, 25) 8 (6, 20) 0.320

Altitude prepared, n (%) 32 (49%) 18 (38%) 14 (82%) 0.002
Went significantly off trail today, n (%) 18 (27%) 13 (26%) 5 (29%) 0.786
Water carried (L), median (p25, p75) 1.0 (0.8, 1.5) 1.00 (0.6, 1.5) 1.50 (1.0, 2.0) 0.021

Note. Data stratified by sex are available in Supplemental Table 2.
aPearson’s χ2: Rao and Scott adjustment, design-based Kruskal-Wallis test.

Table 3. Predictors of Wilderness Preparedness.

Predictor
Odds
ratio 95% CI P value

Sex
Male — —

Female 1.01 0.64, 1.61 >0.9
Other/unknown 0.49 0.05, 4.55 0.5

Age (y) 1.01 0.99, 1.03 0.3
Group size 0.99 0.87, 1.12 0.9
Self-reported wilderness
experience level
None/little — —

Some/experienced 2.32 1.04, 5.16 0.040
Activity
Day hiker — —

Trail runner 1.03 0.48, 2.22 >0.9
Trip time (h) 1.21 1.09, 1.33 <0.001
Number of times on this trail
before today

1.00 1.00, 1.00 >0.9

Days of wilderness
experience per year

1.01 1.00, 1.01 0.015

Years of wilderness
experience

0.98 0.96, 1.00 0.10

Experienced prior wilderness
injury/illness

1.80 1.09, 2.98 0.022
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experiencing a wilderness injury or illness. Although
“only” 4.5% of runners reported experiencing an injury
or illness on the day of surveying, when extrapolated to
the entire population, this represents a large number of
people experiencing injuries and illnesses while trail
running.

Wilderness Preparedness and Experience
We identified multiple measures of experience that were
associated with wilderness preparedness. Our findings
suggest that visitors who spend fewer days in the wilder-
ness per year, who are on shorter trips, and who identify
as less experienced were less wilderness prepared.
Consequently, Preventative Search and Rescue (PSAR)
efforts for preparedness may be most effective when tar-
geting these groups. Those who have previously experi-
enced a wilderness injury or illness seem to have learned
from this experience and were significantly more likely
to be prepared in our sample. Neither years of wilderness
experience nor familiarity with that trail significantly chan-
ged the odds of being wilderness prepared. This may indi-
cate a sense of overconfidence or complacence. Our
findings further suggest that PSAR should not assume
that visitors with more years of wilderness experience,
age, or familiarity with the trail are more wilderness pre-
pared. Previous research has shown mixed evidence on
the impact of age on wilderness preparedness but generally
agrees with our finding that experience increases prepared-
ness.11–13

Overall
Wilderness day hikers and trail runners generally must be
in good physical shape because hiking or running in the
wilderness of RMNP is physically taxing due to both the
altitude and the mountainous terrain. It is unsurprising
that most of the participants met this requirement.
Visitors to the park may experience shortness of breath,
fatigue, or other symptoms during periods of exertion
activities at altitude. Higher levels of fitness and altitude
acclimatation can reduce the risk of experiencing these
symptoms, and visitors are advised to prepare for a wilder-
ness adventure by increasing fitness and acclimatation
beforehand. Nearly half the study participants reported liv-
ing in Colorado and therefore may have been at least partly
acclimated to the altitudes experienced in the park.
However, most of the respondents did not live at altitude,
and their youth or general fitness may have been an inad-
equate substitute for intentional preparedness.

RMNP, like most wilderness areas, generally has poor
cellular coverage. For this reason, it’s important for wil-
derness users to carry an alternative method to signal for
help in case something goes wrong. Although nearly every
group/individual carried a cell phone, it should not

currently be relied on as a way to signal for help. A higher
number of hikers and runners than expected carried alter-
native methods such as 2-way satellite messaging devices,
satellite phones, and personal locator beacons. However,
these numbers still were relatively small; fewer than a
quarter of hiking groups and fewer than half of running
groups had an alternative way to call for help beyond a
cell phone. This may change in the coming years because
phone manufacturers are increasingly adding satellite SOS
and 2-way satellite messaging to new cell phones. In 10
years, carrying an extra battery/cord to charge a satellite-
capable cell phone may be just as effective as carrying
one of these dedicated devices today. Currently, only a
few cell phones are able to connect to satellites, but this
market is expected to expand rapidly and may increase
both dependence on smartphones and wilderness connec-
tivity.38 This has not yet been studied in a systematic
way but may have major implications in the near future.
Future studies should examine the impact of these phones,
once they are commonplace.

As other groups have identified, just carrying 10 items
from a list does not solely determine whether one is ready
to safely recreate in the wilderness.36 We categorized par-
ticipants as prepared mainly based on the equipment they
carried, but physical preparation and mental preparation
are also likely just as important as the gear carried.
Another consideration is that for a short hike on a high-
traffic trail, certain items will be more useful or have a
higher likelihood of use than others. Future studies should
consider taking into account the distance traveled, popu-
larity, and difficulty of the trail when categorizing pre-
paredness. Each wilderness user should be aware of the
physical, mental, and equipment recommendations and
prepare for each excursion accordingly. Wilderness users
should ensure that they know how to use all the items
they decide to carry.

Strengths and Limitations
Our study had several limitations. The items included on
“10 essentials” lists vary widely, and our list of 13 items
may not have included all the items included on whichever
list any individual may have consulted before packing.32

Additionally, some items on our list may vary by person
(e.g. what they consider to constitute extra clothing).
Trail runners declined to participate at a higher rate than
day hikers, and fewer were recruited than planned. The
most common reasons given for declining to participate
in this study were a lack of time and an unwillingness to
stop. A handful of potential participants declined to partic-
ipate due to dehydration/lack of water, hunger, fatigue, or
weather. Potential subjects who declined to participate
may represent a possible source of selection bias.
Additionally, day hikers and trail runners who visit
RMNP between September and May may represent a
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different population than our study cohort. Preparedness is
difficult to assess with a written survey, and the instru-
ments used here have not been validated. However, our
results are generally consistent with related literature.
Individuals who live at altitude may not need to prepare
for altitude because they are already partly or fully accli-
mated, but we did not account for this in our assessment.
As with all surveys, there is variability in individual effort,
however we believe that most participants put ample effort
into answering. Due to low participant volume, no data
collection occurred after dark, but this may have caused
us to unintentionally exclude some of the least or best pre-
pared hikers or runners. Lastly, our survey population only
included individuals who were 18 years of age or older, so
Scouts and Junior Rangers, who may be more well pre-
pared, were excluded.

Notable strengths of this study include that this was the
first of its kind to characterize wilderness trail runners and
their preparedness. Data collection occurred in the field as
participants were returning, so recall bias was minimized
and data are high quality. Nearly all other wilderness sur-
vey studies have a limitation in which they may have
missed participants who required SAR. In our study, no
participants reported injuries severe enough that they
planned to go to a clinic or hospital for treatment, but 1
SAR incident occurred on the same trail during the survey.
The incident required assistance from the field researcher
(JTL), and data collection was halted for the day. The indi-
vidual requiring assistance was not asked to participate in
the study; they were a day hiker requiring hospital-level
treatment for an injury resulting from a fall. Other SAR
incidents occurred in other parts of the park or at different
times from data collection but did not impact participation,
data collection, or findings.

Notwithstanding this study’s limitations, our findings
have implications for improving visitor preparedness and
safety by providing insight into wilderness day users.
Although most of both hikers and trail runners informed
someone of where they were going and when to expect
them back, increasing PSAR efforts to get those percent-
ages (72.9% and 83.6%) closer to 100% would have a
low cost/effort and high reward. When SAR is required,
time is critical. A timely alert to an overdue person and
accurate information about their planned whereabouts is
likely to save lives.39 Our finding that users who had pre-
viously experienced a wilderness injury/illness are more
likely to be prepared illustrates that past experience is
more predictive of preparedness than many other attri-
butes. This finding reinforces the importance of lived
experience as a driver of preparedness in these populations
and warrants further attention. With only 15.7% of hikers
and 25% of trail runners categorized as wilderness pre-
pared, it is clear that ample opportunity for PSAR exists.
PSAR seeks to educate wilderness visitors and reduce
the number of visitors requiring SAR assistance. Visitors

who are more prepared may be better able to quickly
and accurately request help, self-rescue, or not need
SAR at all. While RMNP already has PSAR efforts in
place, this study illustrates where current strategies may
require refinement or additional resources. However,
RMNP is just one of many national parks, and itself is sur-
rounded by national and state forests. Millions of wilder-
ness hours are spent in similar environments, and it’s
important that day hikers and trail runners develop and
use skills and equipment whenever they are in wilderness
settings. RMNP and other parks may be ideal locations for
teaching and equipping people to be safe no matter where
or when they recreate in nature. The results from this study
may help to inform better direct messaging during PSAR
efforts to those who are least prepared or at elevated risk.

Conclusion
Wilderness day hiking and trail running are demanding
activities, especially at the high altitude and rapidly chang-
ing weather of RMNP. The results of this study strengthen
our understanding of wilderness trail runners and day hik-
ers. Wilderness travel has certain inherent risk, both this
study and prior work illustrate that injuries and illnesses
can happen to anyone in the wilderness.35,40,41 Overall
wilderness preparedness was highly variable but generally
low—possibly due to limited experience and the high cost
of equipment. There are a number of factors that lead to
SARs, but increased education and preparedness have
been shown to decrease SAR missions. Aiming educa-
tional interventions at those at highest risk or lowest pre-
paredness may help increase preparedness and reduce
SAR events in the future. Should an incident occur on
the trail, the success of safely leaving the wilderness
depends in large part on the equipment and knowledge
of those involved.

Acknowledgments
We thank Mike Lukens and Paige Lambert, of the National Park
Service, for their support. We also thank the Rocky Mountain
Conservancy, Rocky Mountain National Park, and the Boston
University Center for Climate and Health.

ORCID iD
John T. Lambert https://orcid.org/0009-0009-8053-4136

Ethical Considerations
The study was approved under exempt determination by the
Boston University Medical Campus Institutional Review Board
(IRB No. H-44879) on May 5, 2024. We obtained the necessary
permit to conduct research in Rocky Mountain National Park
(Permit No. ROMO-2024-SCI-0012) on May 15, 2024.

10 Wilderness & Environmental Medicine 0(0)

https://orcid.org/0009-0009-8053-4136
https://orcid.org/0009-0009-8053-4136


Consent to Participate
Participants verbally consented to participate in this study.
Written consent was waived by the Boston University Medical
Campus Institutional Review Board. No personally identifiable
data were collected.

Author Contribution(s)
John T. Lambert: Conceptualization; Data curation; Formal
analysis; Investigation; Methodology; Project administration;
Resources; Software; Supervision; Validation; Visualization;
Writing – original draft; Writing – review & editing.
Davidson H. Hamer: Methodology; Resources; Supervision;
Writing – review & editing.
Taylor N. Weckstein: Conceptualization; Methodology;
Writing – review & editing.
Gregory A. Wellenius: Formal analysis; Methodology;
Resources; Supervision; Writing – review & editing.

Financial/Material Support
This work was supported by grants from the Rocky Mountain
Conservancy and the Boston University Center for Climate and
Health.

Declarations of Conflicting Interest
The authors declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Data Availability
The datasets generated during and/or analyzed during this study
are available from the corresponding author on reasonable
request.

Supplemental Material
Supplementary material associated with this article can be found in
the online version at https://doi.org/10.1177/10806032261430331.

References
1. Statista. Number of Participants in Trail Running in the U.S.

2006–2017. Updated July 23, 2025. Accessed September 23,
2025. https://www.statista.com/statistics/191333/participants-
in-trail-running-in-the-us-since-2006/

2. Strava. Strava Year in Sport—The Trend Report. 2023.
Accessed September 23, 2025. https://downloads.ctfassets.
net/9olkiac82a1q/iU421iiO6Hky1MVvYThmz/9b6b0755d
1698d8c875758c0e90da0f3/Strava-Global-Report-2023-en-
US.pdf

3. Taff BD, Rice WL, Lawhon B, Newman P. Who started,
stopped, and continued participating in outdoor recreation
during the COVID-19 pandemic in the United States?
Results from a national panel study. Land (Basel).
2021;10:1396.

4. NPS Stats. Annual Park Recreation Visits (1915–Last
Calendar Year). 2025. Accessed August 3, 2025. https://
irma.nps.gov/Stats/Reports/Park/ROMO

5. Miller-Rushing AJ, Athearn N, Blackford T, Brigham C,
Cohen L, Cole-Will R, et al. COVID-19 pandemic impacts
on conservation research, management, and public engage-
ment in US national parks. Biol Conserv. 2021;257:109038.

6. . NPS Stats. National Park Service. Updated July 29, 2024.
Accessed September 23, 2025. https://www.nps.gov/romo/
learn/management/statistics.htm

7. Reynolds S, Beseler C, Stallones L. Preventative Search
and Rescue for Rocky Mountain National Park (RMNP)
Phase 1 Report. 2012. https://files.cfc.umt.edu/cesu/NPS/
CSU/2011/11Reynolds_ROMO_searchrescue_fnl_rpt.pdf

8. National Park Service. Search and Rescue Needs
Assessment 2019. NPS; 2019.

9. Malcolm C, Hannah H, Pearce E. Effectiveness of preven-
tive search and rescue: illness and injury prevention and fis-
cal impact. Wilderness Environ Med. 2014;25(3):355–356.

10. Luks AM, Auerbach PS, Freer L, Grissom CK, Keyes LE,
McIntosh SE, et al. Wilderness Medical Society clinical
practice guidelines for the prevention and treatment of acute
altitude illness: 2019 update. Wilderness Environ Med.
2019;30(4_suppl):S3–S18.

11. Daniel NJ, Patel SB, St. Marie P, Schoenfeld EM.
Assessment of “10 essential” preparedness among day-
hikers on Mount Monadnock. Am J Emerg Med.
2020;38(2):401–403.

12. Yue MDT, Spivey DW, Gingold DB, Sward DG. The effect
of wilderness and medical training on injury and altitude pre-
paredness among backcountry hikers in Rocky Mountain
National Park. World J Emerg Med. 2018;9(3):172–177.

13. Brandenburg WE, Davis CB. Medical knowledge and pre-
paredness of climbers on Colorado’s 14,000-foot peaks.
Wilderness Environ Med. 2016;27(1):62–68.

14. Spano SJ, Hile AG, Jain R, Stalcup PR. The epidemiology
and medical morbidity of long-distance backpackers on the
John Muir Trail in the Sierra Nevada. Wilderness Environ
Med. 2018;29(2):203–210.

15. Viljoen C, Janse van Rensburg DC, van Mechelen W,
Verhagen E, Korkie E, Botha T. Development of a trail run-
ning injury screening instrument: a multiple methods
approach. Phys Ther Sport. 2022;56:60–75.

16. Scheer V, Basset P, Giovanelli N, Vernillo G, Millet GP,
Costa RJS. Defining off-road running: a position statement
from the Ultra Sports Science Foundation. Int J Sports Med.
2020;41(5):275–284.

17. Rizzo F, Vallio CS, Hespanhol L. HealthyTrailsBR—the
prevalence of running-related injuries and cramps, and the
description of personal and running characteristics in
Brazilian trail runners: a cross-sectional study. Braz J
Phys Ther. 2024;28(5):101117.

18. Smiley A, Ramos WD, Elliott LM, Wolter SA. Association
between trail use and self-rated wellness and health. BMC
Public Health. 2020;20:1–10.

19. Butler LT, Field DT, Golightly M, Masento NA, van
Reekum CM. Effects of hydration status on cognitive per-
formance and mood. Br J Nutr. 2014;111(10):1841–1852.

Lambert et al 11

https://doi.org/10.1177/10806032261430331
https://www.statista.com/statistics/191333/participants-in-trail-running-in-the-us-since-2006/
https://www.statista.com/statistics/191333/participants-in-trail-running-in-the-us-since-2006/
https://www.statista.com/statistics/191333/participants-in-trail-running-in-the-us-since-2006/
https://downloads.ctfassets.net/9olkiac82a1q/iU421iiO6Hky1MVvYThmz/9b6b0755d1698d8c875758c0e90da0f3/Strava-Global-Report-2023-en-US.pdf
https://downloads.ctfassets.net/9olkiac82a1q/iU421iiO6Hky1MVvYThmz/9b6b0755d1698d8c875758c0e90da0f3/Strava-Global-Report-2023-en-US.pdf
https://downloads.ctfassets.net/9olkiac82a1q/iU421iiO6Hky1MVvYThmz/9b6b0755d1698d8c875758c0e90da0f3/Strava-Global-Report-2023-en-US.pdf
https://downloads.ctfassets.net/9olkiac82a1q/iU421iiO6Hky1MVvYThmz/9b6b0755d1698d8c875758c0e90da0f3/Strava-Global-Report-2023-en-US.pdf
https://downloads.ctfassets.net/9olkiac82a1q/iU421iiO6Hky1MVvYThmz/9b6b0755d1698d8c875758c0e90da0f3/Strava-Global-Report-2023-en-US.pdf
https://irma.nps.gov/Stats/Reports/Park/ROMO
https://irma.nps.gov/Stats/Reports/Park/ROMO
https://irma.nps.gov/Stats/Reports/Park/ROMO
https://www.nps.gov/romo/learn/management/statistics.htm
https://www.nps.gov/romo/learn/management/statistics.htm
https://www.nps.gov/romo/learn/management/statistics.htm
https://files.cfc.umt.edu/cesu/NPS/CSU/2011/11Reynolds_ROMO_searchrescue_fnl_rpt.pdf
https://files.cfc.umt.edu/cesu/NPS/CSU/2011/11Reynolds_ROMO_searchrescue_fnl_rpt.pdf


20. Blevins J. Two runners have gone missing in remote
Colorado mountains, leading to push for more education.
The Colorado Sun. October 21, 2022. Accessed
September 23, 2025. https://coloradosun.com/2022/10/21/
trail-runners-education-mountain-safety/

21. Viljoen CT, Janse van Rensburg DC, Verhagen E, van
Mechelen W, Tomas R, Schoeman M, et al.
Epidemiology of injury and illness among trail runners: a
systematic review. Sports Med. 2021;51(5):917–943.

22. Vernillo G, Savoldelli A, La Torre A, Skafidas S, Bortolan
L, Schena F. Injury and illness rates during ultratrail run-
ning. Int J Sports Med. 2016;37(7):565–569.

23. Beery T, Olsson MR, Vitestam M. COVID-19 and outdoor
recreation management: increased participation, connection
to nature, and a look to climate adaptation. J Outdoor
Recreat Tour. 2021;36:100457.

24. Repanshek K. Longs Peak is a popular, but potentially
deadly, Rocky Mountain National Park destination.
National Parks Traveler. November 28, 2018. Accessed
August 6, 2025. https://www.nationalparkstraveler.org/
2018/11/longs-peak-popular-potentially-deadly-rocky-
mountain-national-park-destination-2

25. Blotkamp A, Boyd W, Eury D, Hollenhorst S. Rocky
Mountain National Park Visitor Study. Vol. 2011.
Summer 2010. https://s3.wp.wsu.edu/uploads/sites/3019/
docs/235.1_ROMO_rept.pdf

26. GrahamR,Miller A,Monz C.Post-experience survey of back-
country anglers and hikers in Rocky Mountain National Park.
DigitalCommons@USU, 2021. https://digitalcommons.usu.
edu/cgi/viewcontent.cgi?params=/context/gradreports/article/
2598/&path_info=auto_convert.pdf

27. Mason RC, Suner S, Williams KA. An analysis of hiker pre-
paredness: a survey of hiker habits in New Hampshire.
Wilderness Environ Med. 2013;24(3):221–227.

28. Brandenburg WE, Locke BW. Mountain medical kits:
epidemiology-based recommendations and analysis of med-
ical supplies carried by mountain climbers in Colorado.
J Travel Med. 2017;24(2):taw088.

29. National Park Service. Ten Essentials. NPS, 2023.
Accessed September 23, 2025. https://www.nps.gov/
articles/10essentials.htm

30. Regenold S. The Scout 10 essentials: items every scout
needs in the outdoors. Scouting. April 1, 2013. Accessed

September 23, 2025. https://scoutingmagazine.org/2013/
02/the-10-essentials/

31. REI Co-op. The Ten Essentials. 2024. Accessed
September 23, 2025. https://www.rei.com/learn/expert-
advice/ten-essentials.html

32. DeLoughery TG, DeLoughery EP. 10, 14, 19 essentials?
Wilderness Environ Med. 2025;36(3):445–446.

33. R Foundation for Statistical Computing. R: A Language and
Environment for Statistical Computing. 2025. https://www.
R-project.org/

34. Viljoen C, da Cruz M, Matlala K, Groves M, du Toit K,
Fourie F, et al. Trail running safety: a review of serious
adverse events reported in online news articles.
Wilderness Environ Med. 2025;36(3):416–433.

35. Pearce EA, Jelínková L, Fullerton L, Malcolm CJ, Heinrich
HL, Norwil EJ, et al. Observational study of Grand Canyon
rim-to-rim day hikers: determining behavior patterns to aid
in preventive search and rescue efforts. Wilderness Environ
Med. 2019;30(1):4–11.

36. Daniel NJ, Patel SB, St. Marie P, Schoenfeld EM.
Rethinking hiker preparedness: association of carrying “10
essentials” with adverse events and satisfaction among day-
hikers. Am J Emerg Med. 2021;49:253–256.

37. Zhang C. Search for trail runner in Rocky Mountain
National Park called off after two weeks. The Colorado
Sun. October 10, 2023. Accessed September 23, 2025.
https://coloradosun.com/2023/10/10/search-for-trail-runner-
in-rocky-mountain-national-park-called-off-after-two-weeks/

38. Siddiqui A, Grush A. Android and iPhone satellite connec-
tivity: what is it and what are your options right now?
Android Authority. Updated October 9, 2024. Accessed
September 23, 2025, https://www.androidauthority.com/
smartphone-satellite-connectivity-3295162/

39. Adams AL, Schmidt TA, Newgard CD, Federiuk CS,
Christie M, Scorvo S, et al. Search is a time-critical event:
when search and rescue missions may become futile.
Wilderness Environ Med. 2007;18(2):95–101.

40. Heggie TW, Heggie TM. Viewing lava safely: an epidemi-
ology of hiker injury and illness in Hawaii Volcanoes
National Park.Wilderness Environ Med. 2004;15(2):77–81.

41. Kogut KT, Rodewald LE. A field survey of the emergency
preparedness of wilderness hikers. J Wilderness Med.
1994;5(2):171–178.

12 Wilderness & Environmental Medicine 0(0)

https://coloradosun.com/2022/10/21/trail-runners-education-mountain-safety/
https://coloradosun.com/2022/10/21/trail-runners-education-mountain-safety/
https://coloradosun.com/2022/10/21/trail-runners-education-mountain-safety/
https://www.nationalparkstraveler.org/2018/11/longs-peak-popular-potentially-deadly-rocky-mountain-national-park-destination-2
https://www.nationalparkstraveler.org/2018/11/longs-peak-popular-potentially-deadly-rocky-mountain-national-park-destination-2
https://www.nationalparkstraveler.org/2018/11/longs-peak-popular-potentially-deadly-rocky-mountain-national-park-destination-2
https://www.nationalparkstraveler.org/2018/11/longs-peak-popular-potentially-deadly-rocky-mountain-national-park-destination-2
https://s3.wp.wsu.edu/uploads/sites/3019/docs/235.1_ROMO_rept.pdf
https://s3.wp.wsu.edu/uploads/sites/3019/docs/235.1_ROMO_rept.pdf
https://digitalcommons.usu.edu/cgi/viewcontent.cgi?params=/context/gradreports/article/2598/%26path_info=auto_convert.pdf
https://digitalcommons.usu.edu/cgi/viewcontent.cgi?params=/context/gradreports/article/2598/%26path_info=auto_convert.pdf
https://digitalcommons.usu.edu/cgi/viewcontent.cgi?params=/context/gradreports/article/2598/%26path_info=auto_convert.pdf
https://www.nps.gov/articles/10essentials.htm
https://www.nps.gov/articles/10essentials.htm
https://www.nps.gov/articles/10essentials.htm
https://scoutingmagazine.org/2013/02/the-10-essentials/
https://scoutingmagazine.org/2013/02/the-10-essentials/
https://scoutingmagazine.org/2013/02/the-10-essentials/
https://www.rei.com/learn/expert-advice/ten-essentials.html
https://www.rei.com/learn/expert-advice/ten-essentials.html
https://www.rei.com/learn/expert-advice/ten-essentials.html
https://www.R-project.org/
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/.
https://coloradosun.com/2023/10/10/search-for-trail-runner-in-rocky-mountain-national-park-called-off-after-two-weeks/
https://coloradosun.com/2023/10/10/search-for-trail-runner-in-rocky-mountain-national-park-called-off-after-two-weeks/
https://coloradosun.com/2023/10/10/search-for-trail-runner-in-rocky-mountain-national-park-called-off-after-two-weeks/
https://www.androidauthority.com/smartphone-satellite-connectivity-3295162/
https://www.androidauthority.com/smartphone-satellite-connectivity-3295162/
https://www.androidauthority.com/smartphone-satellite-connectivity-3295162/

	 Introduction
	 Methods
	 Results
	 Differences Between Groups
	 Trail Runner Characteristics
	 Wilderness Preparedness and Experience

	 Discussion
	 Differences Between Groups
	 Trail Runner Characteristics
	 Wilderness Preparedness and Experience
	 Overall
	 Strengths and Limitations

	 Conclusion
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


