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ABSTRACT: Wilderness visitation, particularly overnight use, is reactive to climate variability because backpackers face
greater exposure to and dependence on environmental conditions. This study examines the effect that spring snowpack
had on the timing and volume of permits issued for overnight use of the Yosemite Wilderness during peak and shoulder-
season months (April-October) from 2002 to 2019. We categorize 1 April snowpack at Tuolumne Meadows into snow
drought (<75%), high snowpack (>125%), and near-average snowpack (75%-125%). Results confirm wilderness-wide
differences between snowpack categories, including change in spring overnight visitors (April-June: +20% snow drought
and —28% high snowpack). Our findings confirm that snow drought allows for more access to high-elevation trailheads
when seasonal roads are open earlier in spring (May-June: +74% Tioga Road and +81% Tuolumne Meadows). Mid-
to high-elevation trailheads experience a sustained increase in use during high-snowpack years (June—October: +12%
Yosemite Valley and Big Oak Flat; +15% Glacier Point Road and Wawona; +32% Hetch Hetchy) because a narrower
seasonal access window leads to filled permit quotas in the high country and displaces use to lower-elevation trailheads.
These findings have implications for wilderness stewards, including biophysical and experiential impacts on wilderness
character from earlier and longer seasons, especially at higher elevation and in fragile alpine and subalpine areas, as snow
drought in mountain-protected areas becomes more common. Recommendations to address greater early-season use and
its attendant impacts include adaptively managing permits for different types of snowpack years, including potential
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changes in the number, timing, and destination of select trailhead quotas.
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1. Introduction
a. Climate and seasonal wilderness access

Visitation to parks and wilderness areas is reactive to cli-
matic conditions given greater exposure to and dependence
on environmental conditions (Smith et al. 2018), and visitors
often select destinations based on expected weather, espe-
cially tourists traveling from afar (Hamilton and Lau 2006).
At high-elevation parks and wilderness areas, snow plays a
primary role in park and wilderness management (Bales et al.
2006), particularly in the western United States where in the
past half-century, mountain snowpack has decreased (Mote et al.
2018). Climate projections suggest continued contraction of
mountain snowpack in the region, resulting in less wilderness-
dependent winter recreation activities such as cross-country
skiing and backcountry snowshoeing (Wobus et al. 2017).
Reduced spring snowpack has also been associated with
earlier peak runoff and lower streamflow, lake, and reservoir
levels, all of which can alter the availability of water-dependent
outdoor recreation activities (Cutler et al. 2017; Jenkins 2022).
Snow droughts can advance the onset of the dry season, which
can increase fire potential and lead to restrictions in activities
associated with fire risk (e.g., park closure, fire restrictions),
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impacts on infrastructure, and degraded air quality (Cutler
et al. 2017; Jenkins 2022; Gellman et al. 2022; Scott et al.
2007).

For Mediterranean climates, visitation typically increases in
the spring toward the peak summer months, when tempera-
ture conditions are most ideal and precipitation is limited, and
declines in the winter with colder temperatures and greater
likelihood of precipitation (Jedd et al. 2018). In these areas
during winter, snow accumulates in the mountains, and during
spring the snow melts. However, research shows warmer tem-
peratures are expected to shift snow accumulation to higher
elevations and expand the seasonal range for warm-weather
recreation opportunities due to a reduction in the level and
geographic extent of snowpack in locations with seasonal snow-
pack (Fisichelli et al. 2015; O’Toole et al. 2019; Peters-Lidard
et al. 2021; Winter et al. 2021; Miller et al. 2022). Research shows
that as temperatures warm as a result of climate change (Goshua
et al. 2021), visitors may arrive earlier in the warm season and
stay longer during that season to engage in snow-free activities
(Marshall et al. 2018; Monz et al. 2021).

Studies have shown that visitors adjust their trip timing to
parks and other outdoor recreation destinations based on factors
including adverse weather conditions (Becken and Wilson 2013;
Buckley and Foushee 2012), an effect modified by familiarity
and sense of place attachment (Perry et al. 2021). But when
exactly the season starts is highly variable due to snowpack
levels in spring and the timing of road openings. Despite this,
backcountry users have come to expect, or be hopeful of, a
certain set of snowpack conditions and timing of seasonal
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snowmelt associated with trailhead conditions and access to
the high country (Jenkins et al. 2021a).

Throughout Yosemite National Park, hereinafter the Park,
visitor experiences, trip planning and reservations, and demand
otherwise associated with coveted peak summer conditions in
the high country are increasingly modified by wildland fires and
associated air quality impacts, the effects of which generally
become more impactful on visitation during the mid- to late-
summer months when conditions are hotter and drier and
when high average visitation can result in potentially more
displaced use (Jenkins 2022). This has led many would-be
Yosemite Wilderness users to plan for earlier-season depar-
ture dates in hopes of avoiding conditions associated with
wildland fires and peak crowds, but this comes at the expense
of relatively more users earlier in the season, particularly in
drought years, than when the overnight permit system was
first instituted (Jenkins et al. 2021a). In wet years, road
closures resulting from snowpack can limit access to higher-
elevation trailheads in the spring and early summer and have
the effect of shifting use to later in the season, which creates
a narrower window for access to high-country destinations
amid already limited trailhead quotas.

b. Snow drought and seasonal road opening

Access to the Yosemite Wilderness is largely dependent
on seasonal access to Tioga Road and Glacier Point Road.
Park managers rely on the 1 April snow survey results from
Tuolumne Meadows as a key indicator to determine the timing
for when snowplowing operations and facilities maintenance
can commence, which for Tioga Road takes approximately
1 month before roads can open to visitors.

Snowpack is highly variable from year to year in California’s
Sierra Nevada where Yosemite National Park is located. While
such variability is a feature of a Mediterranean climate, a shift
toward aridification with the megadrought across the broader
southwestern United States since the turn of the millennium
(Williams et al. 2020) has resulted in reduced snowpack and an
increase in snow droughts (Zhang et al. 2019). Frequent and
chronic drought conditions have the potential to affect both
the quantity of users and the quality of wilderness-dependent
experiences intermittently or permanently, particularly given
the greater exposure to and dependency on environmental
conditions that wilderness visitors face with being outside
(e.g., water availability, temperature, air quality, and wildland
fire hazards) as compared with a typical park visitor during
peak summer months (Smith et al. 2018).

Figures 1a and 1b show that snow-drought years result in
an earlier average opening for Tioga Road (11 May) and for
Glacier Point Road (28 April) when compared with near-
average-snowpack years (24 May for Tioga Road, 13 May for
Glacier Point Road), and that opening day for high-snowpack
years is later than average-snowpack years for Tioga Road
(24 June) and for Glacier Point Road (20 May). If conditions
allow, Park management tries to have these seasonal roads
plowed and opened before the Memorial Day holiday week-
end to facilitate access to high elevations and for entry through
the east gate of the Park over Tioga Pass for the start of the
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summer season. From 1995 to 2019, Tioga Road has been
opened 17 of 25 yr (68% of the time) and Glacier Point Road
has been opened 23 of 25 yr (92% of the time) by Memorial
Day.

The average closure day for Tioga Road is 13 November
and for Glacier Point Road is 17 November. The closures of
these roads are connected with seasonal snowfall in the late-
fall or early-winter months, and with it, the beginning of the
snow-based winter recreation season, which includes access
along roads with snowshoes or cross-country skis to back-
country destinations for day or overnight use. As snow-
drought years with earlier seasonal road openings become
more common, so too have the lengths of the open season
become longer (Figs. 1c,d). Visual interpretation shows that
from 1995 to 2019 the average length of the season has
increased by approximately 0.5 month for Tioga Road and
approximately 1.5 months for Glacier Point Road, a trend with
its attendant impacts on wilderness character.

c. Wilderness impacts and the overnight permit system

Open road access to trailheads does not necessarily mean
accessible and safe backcountry conditions; stream crossings
that are nonexistent during a dry year may be impassible or
dangerous, and trails may remain wet, muddy, and more
prone to erosion from use. Users may attempt to avoid these
conditions by walking adjacent to trails, which can lead to
vegetation trampling and proliferation of social trails. This is
a concerning scenario for alpine and subalpine mountain-
protected areas, as these places are sensitive to visitation given
their limited ability to recover from trampling and compaction,
especially given a narrow growing season and sensitive soil
characteristics (Leung and Marion 1999; Walden-Schreiner
et al. 2018). A common strategy to address these effects is to
integrate biophysical and social impact prevention approaches
(D’Antonio et al. 2013). For example, social science surveys
can be used to understand visitor perspectives about biophysi-
cal conditions, which can help to identify and direct resources
to priority areas and be leveraged to educate visitors about
their own impacts (Peterson et al. 2018). Wilderness manage-
ment utilizes a suite of approaches to track, assess, and respond
to effects, including reoccurring inventories and assessments
of wilderness campsite and social conditions that, through
management actions to avoid impairment (e.g., campfire ring
removal, trailhead quota limits), help to maintain wilderness
character and untrammeled, natural, and undeveloped land-
scapes that provide opportunities for solitude and unique so-
cial and ecological value (Boyers et al. 2000; Fincher 2012).

A suitable management strategy to mitigate impacts on
parks and wilderness areas associated with high levels of use,
at different times of the year and with visitor hotspots at
highly trafficked locations, is to establish permit systems with
daily trailhead-specific quotas to regulate the timing and
magnitude of visitation (Marshall et al. 2018; Jenkins et al.
2021a). The Yosemite Wilderness permit system was first
introduced in the Park in 1972 in response to backcountry
surveys that found high levels of use and proliferation of
campfire rings and campsite footprints around popular lakes,
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b) Glacier Point Road opening
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FIG. 1. Mean opening (day of year) by percent of avg 1 Apr snowpack for (a) Tioga Road and (b) Glacier Point
Road (1995-2019), with trend lines for visual interpretation. Also shown is total length of season (No. of days) for
(c) Tioga Road and (d) Glacier Point Road (1995-2019), with trend lines (red = snow drought, gray = near avg,
and blue = high snowpack). Annual opening dates and 1 Apr percent avg snowpack data are available online from
Yosemite National Park (https:/www.nps.gov/yose/planyourvisit/seasonal.htm).

trail intersections, vistas, and water sources (Jenkins et al.
2021a). While the permit system has greatly reduced the over-
all impact associated with unfettered use, many of these hot-
spots continue to receive relatively concentrated use today, in
part due to travel patterns associated with the permit system
and high demand for certain trailheads. The trailhead-based
overnight permit system has been effective in distributing overall
use while maintaining freedom of exploration, as backcountry
visitors begin their trip at a trailhead associated with a particular
wilderness travel zone where they must remain for their first
night before continuing their travel (van Wagtendonk and
Coho 1986). These zone capacities and the distance and loca-
tions where backpackers were willing to travel to (in an era of
higher snowpack than the present era of intermittent snow
drought) were originally based on the number of acres in a
wilderness travel zone, the miles of trail it contained, and its eco-
logical fragility (van Wagtendonk 1986). In a similar way, de-
mand for earlier-season use in May and June is partly a vestige
of the initial permit system, which was designed to reduce sum-
mer crowding by setting use limits during peak months with the
intention of displacing this use (to months with more potential
snowpack and thus access to fewer higher-elevation destina-
tions) without reducing overall visitation (van Wagtendonk
1981). Thus, some spatial and temporal patterns of overnight
travel in the Yosemite Wilderness today are influenced, at least

in part, by past management actions that operated with certain
assumptions about the timing and extent of snowpack.

But permit systems reliant on consistent snowpack levels
may no longer be effective in reducing the biophysical and ex-
periential impacts associated with overuse if the parameters
of the system remain static and visitors shift their plans.
According to Buckley and Foushee (2012), the average timing
of peak visitation to national parks has shifted to four days
earlier since 1979 as visitors adjust their behavior in response
to climate change. Fisichelli et al. (2015) projected that warm-
ing associated with climate change will likely result in an
8%-23% increase in annual national park visitors and expand
the visitation season by 13-31 days, and this has been shown
to be mainly associated with changes in shoulder-season use
(Hewer et al. 2016). Management of the permit system should
thus take into account the changing patterns of overnight use
over time and across areas of the Park that encompass differ-
ent elevation ranges, road openings, and access points and
consider the impacts associated with both the timing and
severity of changing climatic conditions, such as prolonged
drought. Wilderness land managers of high-elevation areas
should consider that warm summer conditions are lasting lon-
ger and subsequently extending the number of desirable days
in the season that may increase aggregate visitation and its
experiential and biophysical impacts on wilderness character.
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Therefore, it is important to understand how wilderness visi-
tation at high-elevation areas is affected by the effects of cli-
mate change, including snow drought. This information can
be used by managers to implement adaptive permitting sys-
tems informed by recent climatic conditions to provide quality
wilderness experiences to visitors while controlling for further
biophysical impacts from overuse of wilderness.

d. Study objectives

Most prior studies relating to the interannual variability of
climate and outdoor recreation have focused on temperature
(Fisichelli et al. 2015; Gossling and Hall 2006; Hewer and
Gough 2019; Ma et al. 2023). We expand on this knowledge
by focusing on the role that snowpack levels play in the vol-
ume and timing of overnight use at Yosemite Wilderness. Ex-
cept for research conducted within the same mountain range
at Sequoia and Kings Canyon National Parks (Marshall et al.
2018), which took a phenological approach to assess visitor
sensitivity to hydroclimatic variables in determining how cli-
mate affects backcountry visitation, scarce research analyzing
long-term permit data has been conducted to specifically un-
derstand how visitation to wilderness areas changes with in-
terannual variability in snowpack levels. Overnight wilderness
users, including those in mountain regions, are a group that is
particularly sensitive to changes in snowpack given that it
may impede or enable travel; these users have been under-
studied in climate change and tourism assessments yet are an
important group given their multiday trips in relatively undis-
turbed areas (Marshall et al. 2018).

Our study examines peak-summer and shoulder-season (April—
October) wilderness visitation from 2002 to 2019 through anal-
ysis of annual spring-snowpack records and monthly overnight
use permits during these years. We compare how the catego-
ries of snow drought and high-snowpack and near-average-
snowpack conditions affect the timing and volume of use across
the Yosemite Wilderness. Specifically, for the overall wilderness,
we assess variability in timing and volume associated with the
category of snowpack on 1 April to determine when the greatest
variability in conditions and uncertainty around permit utili-
zation occur. Second, we assess the differences in timing and
volume for different snowpack-year categories through an analy-
sis of five trailhead districts that constitute the wilderness, which
allows us to compare use and infer potential displacement in
trailhead permit selection between districts due to snow drought
or high-snowpack conditions. And we assess the relative change
in use from an overall monthly average among each of the five
trailhead districts for different snowpack-year categories. Collec-
tively, these assessments of past conditions provide a template
for us to project what to expect in future years, especially as
drought conditions become more common and demand for
overnight wilderness use remains high.

2. Methods

a. Case study

Overnight permits for Yosemite Wilderness are required
year-round, and 60% of trailhead quotas for a given date can
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be reserved up to 24 weeks, or approximately 6 months, in
advance of the requested entry date, which is a standard
time used in other camping forecast models (Rice et al. 2019).
Preplanning trips months in advance is a real-world scenario
for most backcountry visitors who must plan around work
and other obligations in coordination with family and other
trip members, and in cases for high-demand trailheads, must
apply early to ensure a spot in a limited pool of daily trailhead
permits. Approximately 40% of each trailhead’s quota typi-
cally remains available as a day-of/walk-up permit during the
peak and shoulder seasons. From November through April,
wilderness permit reservations are not available; instead, trail-
head permits are granted in person, although permits are
required and quotas are in effect year-round and can fill up
regularly. The trip leader who requested the permit must pick
it up in person for it to be issued, and this includes a basic ori-
entation on backcountry guidelines and an opportunity to re-
view trail conditions before their trip begins. Locations for
pick-up in summer include Big Oak Flat Information Station,
Yosemite (Valley) Wilderness Center, Hetch Hetchy Entrance
Station, Tuolumne Meadows Wilderness Center, and Wawona
Visitor Center. These locations correspond to the five trailhead
districts used to issue overnight wilderness permits (Fig. 2), each
of which consists of trailheads with different quota levels that al-
low access to a corresponding first-night zone, are designed to
mitigate collective biophysical impacts (e.g., soil erosion and
compaction), and maintain desired experiential conditions (e.g.,
minimize total daily encounters) among high levels of overall
use (Jenkins et al. 2021a).

The timing of reservation requests is often predicated on
people’s knowledge and expectations (e.g., through experi-
ence, reading the Park’s website, social media, blogs, travel
guides), which are relied on for attempting to forecast desired
weather conditions (Hamilton and Lau 2006). For instance,
demand for permits at Tuolumne Meadows [elevation of
approx. 8600 ft (2867 m)] is high in July and August as people
anticipate the seasonal Tioga Road to be open and for trails
to be clear of snowpack, and before conditions for available
water sources dry up too much (e.g., seasonal streams). Given
the region’s interannually variable snowpack, wet conditions
can persist into the late summer in the high country during
high-snowpack years.

Although permit users are supposed to follow their itiner-
ary (which is submitted upon arrival, while picking up a per-
mit), current conditions can influence them to change their
plans midtrip. Some permits that are issued end up not being
utilized in the way they were planned, and when this is the
case, it is often due to displacement from inaccessible or haz-
ardous conditions, namely, higher-than-anticipated snowpack
or melt in the spring or early summer, and increasingly the
direct threat of wildland fire and its related impacts (e.g., air
quality) on backcountry use. In the period 1976-78 (classified
as drought years), field surveys found that after arriving, 41%
of parties deviated temporally, 48% spatially, and 27% both
temporally and spatially, while in a similar study conducted in
2010 (classified as a high-snowpack year), 36% of parties devi-
ated temporally, 54% spatially, and 25% both temporally and
spatially, with larger groups less likely to deviate and deviation
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FIG. 2. Yosemite Wilderness, showing trails and trailheads by overnight permit district, along
with roads, including all-year and seasonal access. Specific details on backcountry travel and
requirements for obtaining an overnight wilderness permit are available online from Yosemite
National Park (https://www.nps.gov/yose/planyourvisit/wildpermits.htm).

decreasing as days of trips progress (van Wagtendonk and
Benedict 1980; Van Kirk et al. 2014). From this, we can
broadly understand that displacement from intended trip itin-
eraries generally takes place at comparable levels in either
snow-drought or high-snowpack years, although the rationale
for displacement and the changes to trip plans are materially
different and can vary by time of year, elevation, and general
location. While we cannot measure displacement due to con-
ditions encountered in the backcountry (this study did not in-
clude pre- and post-trip or field-based visitor surveys), we can

assess differences in timing and volume of permits between
snow-drought and snowpack years to infer patterns of dis-
placed use, including shifts between trailhead districts in simi-
lar snowpack years.

b. Data

We assess the effect of spring snowpack on the timing and
volume of overnight wilderness permits that were issued, re-
gardless of whether they were reservation based or day-of
pickup, for the Yosemite Wilderness spanning the years 2002
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FIG. 3. No. of overnight visitors per month in different snow-drought, near-avg-snowpack, and
high-snowpack years (2002-19). In July and August of 2018, portions of the Park were closed
due to the Ferguson Fire, but access to wilderness remained open throughout much of the Park.

to 2019. The years analyzed here cover the most complete
and accurate daily use levels by trailhead for peak-summer
and shoulder-season months. We constrained our analysis
to pre-COVID-19 pandemic years (2019 and earlier) to
strengthen the comparability of overnight visitors between
years due to snow drought or high snowpack. Certain changes
in obtaining an overnight wilderness permit were put in place
with the pandemic that altered the conditions for obtaining a
permit, including moving the in-person permit pick-up and
the day-of/walk-up quota to the online reservation system
in accordance with pandemic health and safety guidelines
(Jenkins et al. 2021b).

Our visitation data consist of approximately 325000 unique
overnight wilderness permits or users, which includes data on
entry trailhead, exit trailhead, and trip dates, among other de-
tails like group size. While one person per trip is required to
serve as the lead permit holder, each permit record reflects
the number of individuals per an issued permit. Thus, we ana-
lyze total backcountry use as total number of individuals,
which is a greater indicator of demand (than number of
groups) and serves as a proxy to understand biophysical and
experiential impacts on wilderness character. Furthermore,
our preliminary analysis shows that there is little appreciable
difference in group size between high-snowpack and snow-
drought years. We limit our analysis to the peak-summer and
shoulder-season months from April through October when
the majority of use occurs in the Yosemite Wilderness. For
overnight permits, and general park visitation, the shoulder
season in spring includes April and May as snowpack begins
to melt and seasonal roads are opened. The summer spans the
months from June through September, with July and August
typically the highest of the peak season. The fall shoulder sea-
son includes October; visitor services are reduced throughout
much of the Park after 30 September, and snowpack usually
leads to seasonal road closures and limits travel by November.
We did not examine permit data from November to March,
when overnight visitation is usually limited by snow and
wet conditions, because snowpack categories do not show

much variance (Fig. 3), whereas use tends to fluctuate in
the spring and peak season based on drought or wet condi-
tions. The National Park Service centennial year of 2016 is
representative of maximum peak visitation during an average-
snowpack year. The Ferguson Fire of 2018 (when sections of
the Park were closed but much of the wilderness remained
open) is representative of the visitation effects of wildland
fire and smoke in an extreme drought year, especially to
overnight wilderness users who face greater environmental
exposure.

Numerous drought indicators have been used and applied
in the literature (Wilhite and Glantz 1985; Liang et al. 1994;
Robeson 2015). We restrict our focus here to snow drought
typified by anomalously low snow water equivalent in the
spring (Hatchett and McEvoy 2018). Snow droughts can de-
velop via several pathways including low winter precipitation,
average-to-low winter precipitation coincident with warm
temperatures, or frequent rain-on-snow events that rapidly
deplete snowpack. We utilize the annual percent of average
1 April snowpack (1930-2019), which for Tuolumne Meadows
is a percent of approximately 57 in. (145 cm). Data are col-
lected as part of a snow survey conducted by the Park on the
first of the month, four to five times in the winter. The 1 April
snow water equivalent is a standard indicator for water supply
forecasts in the region and often coincides with maximum
snow water equivalent across mountains of the western
United States. (Kapnick and Hall 2010). We use this single
measurement as a sentinel for snowpack across the broader
region, given previous studies (Henn et al. 2016) and the use
of the 1 April snow survey by Yosemite Wilderness managers
as a key indicator. As has been done effectively in other stud-
ies (Shrestha et al. 2021), we categorize our results into three
groupings of snowpack level, which allows for greater com-
parison of extreme drought and wet conditions: snow drought
(<75% of average snowpack level), near-average snowpack
(75%-125% of average snowpack level), and high snowpack
(>125% of average snowpack level). Snowpack data as a per-
cent of 1 April average for years 2002-19 are shown in Fig. 4.
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FIG. 4. Percent 1 Apr snowpack (1930-present) for Yosemite National Park (Tuolumne
Meadows), with annual survey percent shown above each bar. Snow-drought years (<75%) are
shown with a red bar, near-avg-snowpack years (75%-125%) are shown with a gray bar, and
high-snowpack years (>125%) are shown with a blue bar. Data and information on snow sur-
veys are available online (https:/www.nps.gov/yose/learn/nature/snow-surveys.htm).

¢. Methods

A percent of average 1 April snowpack category (snow
drought, <75%; near-average snowpack, 75%—125%; and high
snowpack, >125%) was assigned for each year of overnight
permits to Yosemite Wilderness, during peak- and shoulder-
season months, based on snow survey records. Months are used
for the unit of analysis as this allows us to see the range of over-
night users over a comparable period between snowpack and
snow-drought years and to see how levels of use and the amount
of variance change over the course of the season due to factors
associated with different months (e.g., uncertainty of snowpack,
peak visitation, wildland fires):

1) Since visitation is variable at the Park-wide scale because
of interannual snowpack differences, monthly variance in
overnight use of Yosemite Wilderness during each type of
averaged snowpack category was found through a box
plot analysis that provides the inner quartiles of the data
for each category and the total range for each month.

2) The average was found for each of the three snowpack
categories for each month and plotted to visualize timing
and volume of use. Since visitation conditions vary across
space and time, this process was conducted for the five
trailhead districts that wilderness managers use for issu-
ance of overnight trailhead permits specifically because
each represents different elevations and road closures and
opening connections with snowpack.

3) The average value of each category was then compared
with the average of all data to find percent relative change
from the 2002 to 2019 monthly average for each trailhead
district. Relative change is important because the change
in visitation can be relative to such ongoing management
implications as staffing and patrol levels, budget and avail-
able resources, and the magnitude of trail and campsite

impacts, which in spring, for instance, can be more pro-
nounced as wetter conditions facilitate soil compaction
and trail incisions.

3. Results

a. Wilderness-wide overnight use and variability by
snowpack level

Our findings confirm that during snow-drought years there
are more early-season visitors as open roads provide access to
higher-elevation trailheads (with +28% more visitors from
April to June than in an overall average month) and slightly
more overall use during the peak- and shoulder-season months
of April-October. We find that in high-snowpack years, there is
a later start to the season (with 20% fewer visitors in April-June
than in an overall average month) as seasonal roads may remain
closed into mid-June and high-elevation trailheads are not yet
accessible, and less overall visitation during the peak- and
shoulder-season months of April-October. We also find that
in near-average-snowpack years, there is a slight increase in
visitation across summer (with 5.5% more visitors from May to
September) when compared with the overall average number of
visitors during these months.

Our analysis of overnight wilderness permits shows vari-
ance in the range of data between snowpack categories by
month as well as different overall average levels of use by
peak- and shoulder-season month (Fig. 5). In April, overnight
use is consistently low, with only a small range in the data ow-
ing to the persistence of winter snowpack and closure of
seasonal roads. Notably, our analysis shows that in May and
June, there are statistically significant differences between
high-snowpack years and both average and snow-drought
years. The greatest number of overnight permits are issued in
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FIG. 5. Yosemite Wilderness overnight permits by percent of avg 1 Apr snowpack in peak-
summer and shoulder-season months. Values are plotted with +25% quartile range of box (50%
of data inclusive of the mean). Statistically significant different months of May and June in high-
snowpack years are indicated by black crosses (mean) and border. Whiskers show high-low
value range with an extreme low outlier (represented by a red dot) in August 2018 that is due to

wildland fire closure for a portion of the month.

July and August, and ranges between categories are more
similar than other months, which suggests that this is when
permits are most in demand, with many high-elevation trail-
head quotas saturated to the same level across snowpack cate-
gories. One visible outlier in August shows less overnight
wilderness use because of partial closure of the Park from the
Ferguson Fire in 2018. Wildland fires and indirect impacts
such as smoke make for uncertain conditions and increased
variability in visitation in late summer and into fall, especially
in snow-drought years, and visitation can be slightly more in
high-snowpack years this time of year owing to displaced de-
mand from earlier in the season.

b. Trends in volume and timing for trailhead districts by
snowpack category

The timing and volume of overnight permits for Yosemite
Wilderness varies by trailhead as a function of snowpack cate-
gory, and for many trailheads, snowpack is directly related to
the timing of snowplowing and road openings that provide
access to high-elevation trailheads (Fig. 6). Snow droughts
generally lead to earlier access in spring, especially for
higher-elevation trailheads where roads would otherwise be
closed in the spring of a high-snowpack year. Accordingly,
high-elevation trailheads that are cut off from access in the
spring of high-snowpack years have much greater use in the
months of June and July, suggesting displacement over time
for would-be early-season visitors, from earlier to later in
the season. More visitors than average also visit lower-elevation
destinations in June and July of high-snowpack years, likely
owing to a combination of displacement from high-elevation
destinations where conditions are still wet and seasonal stream
crossings potentially limit access, the backlog of demand for
high-elevation trailhead quotas given earlier road closures, and
the fact that lower elevations are not as hot and dry (without a
water source) by middle summer of high-snowpack years.

Differences between trailhead district for snow-drought
and high-snowpack years, along with a description of access
considerations for each district, are listed in Table 1 and sum-
marized below.

c¢. Trends in relative change for trailhead districts by
snowpack category

Seasonal changes to overnight use (as a percentage difference
from overall monthly average) are generally most substantial in
the spring and early-summer months, when the influence of high
snowpack can limit access to high-country destinations and dis-
place use into later in the season or when snow drought leads
to earlier than expected road openings and trailhead access
(Fig. 7). It is important to note that early-spring months have
consistently fewer total overnight visitors from year to year
when high-snowpack or wet conditions generally limit access,
so percent difference from monthly average visitation should
be considered in relation to absolute average monthly visitation
volume (shown in Fig. 6).

Results show that overnight use in snow-drought years
increased notably in early spring for mid- to high-elevation
trailhead districts that are typically fully open year-round
(+28% in April and May at Yosemite Valley and Big Oak
Flat) or partially open year-round (+40% in May at Glacier
Point Road and Wawona), with slightly lower-than-average
use in both districts during the remainder of the peak season.
Overnight use increased substantially in the late spring of
snow-drought years at the high-elevation trailhead districts
that are typically less accessible due to snowpack (+74% in
May and June at Tioga Road and +81% in May and June at
Tuolumne Meadows). The roads to these trailheads are either
open or closed, so visitation is accordingly much higher when
snow has been cleared from roads, although snow and wet
conditions may still be present in the high country. Overnight
use was greater in early spring at lower-elevation Hetch Hetchy
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b) Glacier Point Road and Wawona
trailhead district
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FIG. 6. Volume and timing of Yosemite Wilderness overnight permits by percent of avg 1 Apr snowpack category
during peak-summer and shoulder-season months for trailhead districts: (a) Yosemite Valley and Big Oak Flat,
(b) Glacier Point Road and Wawona, (c) Tioga Road, (d) Tuolumne Meadows, and (e) Hetch Hetchy.

trailheads (+22% in April), with average visitation levels in
May, and less use for the remainder of summer (—21% for
June-October), given many would-be visitors are drawn to
access at higher-elevation destinations and that water sources
dry up and conditions heat up earlier at lower elevations
during snow-drought years.

Analysis of high-snowpack years reveals that overnight use
decreased in the spring for the mid- to high-elevation trailhead
district that is typically fully open year-round (-15% in April
and May at Yosemite Valley and Big Oak Flat) and then
increased for the remainder of the peak season (+12% from

June through August). Access decreased in the spring of high-
snowpack years before increasing in the summer for the mid- to
high-elevation district that is partially open year-round (—35%
in May and +15% from June through October at Glacier Point
Road and Wawona), given overnight users are displaced from
higher-elevation destinations with road closures remaining in
effect through spring of high-snowpack years (Glacier Point
Road generally opens a couple of weeks before Tioga Road
and visitors routinely use Glacier Point Road and Yosemite
Valley trailheads to reach alternative high-country routes).
Overnight use in high-snowpack years decreased substantially



TABLE 1. The effect of extreme drought, extreme snowpack, and moderate snowpack on overnight use of Yosemite Wilderness. Monthly changes to visitation are based on relative
change from the overall monthly mean by snowpack category.

Wilderness trailhead
district {avg trailhead
elev [ft (m)]}

Description

How snow drought impacts overnight use

How high snowpack impacts overnight use

Seasonal change

Summary of
findings

Seasonal change

Summary of findings

Yosemite Valley and
Big Oak Flat [4538
ft (1452 m)]

Glacier Point Road
and Wawona [6564
ft (2188 m)]

Tioga Road [7619 ft
(2540 m)]

Tuolumne Meadows
[8664 ft (2888 m)]

Hetch Hetchy [4214 ft
(1405 m)]

Most of the valley falls within a no-camping zone, so all
overnight trips require a hike of at least 4 mi (6.6 km)
and a min elev gain of 2500 ft (833 m); water is limited
in late summer; the most popular and crowded area of
the Park

At the southern end of the Park with Wawona at lower
elev and trail connections from Glacier Point Road to
Yosemite Valley and east toward the Clark Range; in
late summer, trails become hot and dry; Glacier Point
Road is closed seasonally with snowpack

Trails heading south from the western portion of Tioga
Road lead to views of the Yosemite Valley, and, to
the north, trails lead to lakes and peaks; Tioga Road is
closed seasonally with snowpack

Trails leaving from Tuolumne Meadows require hikes of
at least 4 mi (6.6 km); the mountainous high country is
significantly cooler than other areas of the Park; this
district is very popular with backpackers during
summer, including those pursuing the John Muir Trail
and Pacific Crest Trails; Tuolumne Meadows is
accessed by Tioga Road, which is closed seasonally
with snowpack

The immediate area around the reservoir is a no-camping
zone; Hetch Hetchy tends to be busiest in the spring
and during summer when higher-elev trailheads are
not yet accessible; summer can be very arid and hot

Apr-May: +28%;
Jun-Oct: —5%

May: +40%;
Jun-Jul: —3%

May-Jun: +74%

May-Jun: +81%

Apr: +22%;
Jun-Oct: —21%

More use in spring;
near same rest
of summer; same
overall use

More use in spring;
near same peak
summer; same
overall use

Much more early-
summer use;
slightly more
overall use

Much more early-
summer use;
slightly more
overall use

Less peak-summer
use; less overall
use

Apr-May: —15%;
Jun-Oct: +12%

May: —35%;
Jun-Oct: +15%

May-Jun: —89%]I;
Sep-Oct: +19%

May-Jun: —93%

Apr: —25%;
Jun-Oct: +32%

Slightly less use in
spring; slightly
more use in
summer; slightly
more overall use

Less use in spring;
more peak-summer
use; more overall
use

Much less early-
summer use; more
late-season use;
less overall use

Much less early-
summer use; less
overall use

More peak-summer
use; more overall
use
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from spring to early summer on the high-elevation trailhead
districts where snow can lead to sustained road closures
(—89% in May and June at Tioga Road and —93% in May
and June at Tuolumne Meadows). Additionally, Tioga Road
has more late-season use in high-snowpack years (+19% in
September—October) as demand for higher-elevation destina-
tions (e.g., Tuolumne Meadows trailheads) is pushed into a
later and narrower access window and some would-be users
become displaced over time and others may choose alterna-
tive trailhead districts for entry. Users often utilize Yosemite
Valley and sometimes Glacier Point Road trailheads to access
the high country when the Tioga Road is closed into early
summer during a high-snowpack year. Overnight use is lower
in spring and higher throughout the remainder of the season
in high-snowpack years for the trailhead district that is acces-
sible at a lower elevation (—25% in April, typical levels in
May, and +32% from June to October at Hetch Hetchy) as
overnight users first face limited access due to snow in spring
at low elevations and others are displaced by high snowpack
and road closures in the high country.

4. Discussion

These findings have implications for wilderness stewards of
alpine and subalpine protected areas, including biophysical
and experiential impacts on wilderness character from earlier
and longer seasons associated with snow drought and more
intense summer use in a narrower window during high-
snowpack years. Research has shown that backcountry use
associated with wet soil conditions has a disproportionate ef-
fect on trail and campsite soil compaction and erosion (Leung
and Marion 1999) and that these conditions can exist to vary-
ing degrees in both wet and dry years as trampling resistance
correlates with sunlight intensity (Cole and Monz 2002). This
diminishes the potential for quality wilderness-dependent ex-
periences for subsequent users, especially in the same season;
while soil compaction is limited by higher moisture levels, it
can occur rapidly with limited traffic once organic materials
are substantially lost, with the majority of impact occurring in
the initial days and weeks of early-season use (Marion et al.
2016). In addition, the geography of impacts on wilderness
character will shift as patterns of use change to different desti-
nations at different times in snow-drought and high-snowpack
years. Managers must therefore anticipate and plan for ex-
treme dry or extreme wet conditions, both of which can lead
users to choose a different time, location, or alternative activity,
or to potentially forgo plans entirely (Jenkins et al. 2023, manu-
script submitted to PLOS Climate).

The physical landscape of the Yosemite Wilderness contin-
ues to be altered by ongoing impacts from prolonged drought,
including scenic impacts from tree mortality and safety and
accessibility impacts from wildland fire and smoke, among
other hazards (Jenkins 2022). As such, overnight visitors will
need to either adapt their travel plans to alternative locations
(or elevations) in or near the Park, shift the timing of entry
dates for their backpacking trip, or pursue another activity
that is more suitable in light of anticipated changes to climatic
conditions (Perry et al. 2021). For instance, Yosemite Valley
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and Big Oak Flat trailheads see more overall use than other
trailheads early in snow-drought years as visitors attempt to
access high-country routes before Tioga Road and Glacier
Point Road open for the season. Conversely, lower-elevation
trailheads, like those out of Hetch Hetchy, receive more use
in the summer of high-snowpack years, as higher-elevation
trailheads do not become accessible until later and when they
do they are in much higher demand for overnight permits.
These seasonal differences have important implications as
winter and spring snowpack recedes, snow drought becomes
more frequent, and the annual timing of peak snowpack be-
comes more variable (Marshall et al. 2019; Siirila-Woodburn
et al. 2021). Further studies might consider comparing visitation
with additional months of snow survey data to better understand
intraseasonal variability, associated environmental conditions,
and impacts related to human use among qualitatively different
types of snow-drought years (Hatchett and McEvoy 2018).
Amid this ongoing climatic and environmental change,
wilderness areas should be managed for the protection of
wilderness-dependent recreational experiences, including
adventure and risk, athleticism, and solitude and reflection,
where specific activities including backpacking are adapted
to and suitable for what seasonal conditions may provide
as the likelihood of snow drought becomes more common
from year to year (Fincher 2012). In natural areas, including
Yosemite Wilderness, experiential and biophysical compo-
nents of a recreation experience are linked spatially and
temporally (D’Antonio et al. 2021) because recreation is a
spatiotemporal-conditioned process (Peterson et al. 2020)
affected by biophysical conditions. This is notable because
according to the time-geography framework (Héagerstrand
1970), every human behavior and experience occurs at a
specific location and at a specific time; and the location and
timing of human behaviors in wilderness helps managers
understand where and when biophysical impacts are likely
to be caused by visitors. This omnipresent tripartite relation-
ship between human experiences, location, and time is influ-
enced by many variables, including biophysical and climatic
conditions, which connect to the Interagency Visitor Use
Management Framework (IVUMF). The IVUMEF, which is
used by the National Park Service, includes social science
applications to encourage visitor access, improve experiences,
and protect biophysical resources (Cahill et al. 2018). When
managers understand the location and timing of visitor beha-
viors, it helps inform targeted approaches to limit associated
impacts, such as social and environmental impacts. A feature
of the IVUMEF is that it considers the provision of a range of
recreation opportunities across various settings to facilitate
quality visitor experiences while adapting and being flexible
to changing social and biophysical conditions (Cahill et al.
2018). However, information is needed on how often to adapt
to changing conditions in order for the IVUMF to function as
intended. Our research shows annually variable climatic con-
ditions at the Park that influence visitor trends. This informa-
tion can be adopted by Park managers when implementing
the IVUMF and inform them that annually monitoring and
adapting to conditions is necessary to effectively conserve



APR-JUN 2023

experiential and biophysical resources so that they can con-
tinue provisioning quality visitor experiences.

Managers must have processes in place at the beginning of
spring and throughout the season to assess resource condi-
tions and to anticipate the decision-making of recreational
users in response to changing conditions within and between
seasons. Adaptive management for wilderness visitation is
characterized by cycles of monitoring visitor use and behavior
and evaluating the relationships between use level, wilderness
character, and visitor safety, and culminates in planning for
and taking management action (Reigner et al. 2012). Yosemite
Wilderness has maintained different monitoring programs
in some form since the early 1970s, including campfire ring
proliferation and campsite condition monitoring at various
hotspots (Jenkins et al. 2021a), and overnight permits include
information on destinations and routes, which, along with
biophysical surveys and park planning priorities, are used to
focus trail and campsite restoration activities. But part of
maintaining wilderness character entails limiting biophysical
impacts in the first place, the severity of which depends on
initial early-season use.

More flexible tools for management of overnight wilderness
use could entail implementation of a sliding scale of permit
quotas to raise or lower trailhead capacity depending on
drought status, much like how the Park’s day-use reservation
system tiers created in the context of COVID-19 risk levels
are now applied seasonally to guide use levels in the contexts
of wildland fires and other hazards (Jenkins et al. 2021b). This
could also entail voluntary reductions in use, including reduc-
tions in use later in snow-drought years, when wilderness-
dependent experiences are increasingly impacted by wildland
fire and smoke amid already hot and dry conditions, or volun-
tary limits earlier in high-snowpack years, when soil and ecology
are sensitive. Another consideration could be to open up more
permits for lesser-used areas of the Park, shift some use to pass-
throughs, or specifically allocate some capacity for off-trail-
only travel. Dispersal could be particularly effective at improving
wilderness-dependent recreational opportunities in the peak
summer months of July and August, while reductions in
shoulder-season use, which occur semiregularly already with
early-season snowpack or wet conditions and later-season
wildland fire exposure, could also help to maintain experien-
tial conditions while reducing impacts on soil and ecology
components at hotspots.

5. Conclusions

We have shown how the timing and volume of overnight
visitation to Yosemite Wilderness differ between snow-
drought and high-snowpack years, with earlier spring visita-
tion and more overall use occurring in snow-drought years,
and later and slightly less visitation occurring in high-snowpack
years. This has the potential to lead to more overall use and im-
pacts on wilderness character with snow drought expected to be
more common and the timing of peak snowpack (and subse-
quent spring melt) to be more variable in years going forward.
Further impacts on wilderness character remain likely given
both the greater amount of overall use associated with snow-

JENKINS ET AL.

377

drought years and the more intense use in a shorter accessible
season associated with high-snowpack years, and in all years,
the push to earlier spring start dates as individuals and groups
self-displace to avoid biophysical and experiential impacts asso-
ciated with compounded use later in the season. It remains in-
cumbent upon wilderness managers at mountain-protected
areas to track differences in the volume, timing, and location of
use associated with different climatic conditions, namely, early-
spring snow-drought or high-snowpack status, which can be
used as a key indicator when projecting demand and travel pat-
terns associated with particular areas, elevations, and routes.
With this information and ongoing wilderness character moni-
toring efforts, wilderness managers can begin to construct an
adaptive management program that is targeted to the timing
and location of potential impacts, be it associated with earlier,
longer, more concentrated, or greater overall use.
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