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Abstract

National parks are experiencing unprecedented demand. High use strains infrastructure, dam-
ages ecosystems and reduces visitor enjoyment. To sustainably manage visitation, many parks
now require reservations, raising concerns about equitable access. I quantify the effects of two
reservation system features, advance purchase windows and competition for permits, on visitor
income at seven national parks. Both effects disproportionately favor higher-income users. In
the most competitive day-ahead and advance markets, reservation holders come from zip codes
with 3-5% higher median household income. Extending the advance purchase window to six
months shifts reservations toward users residing in zip codes with 5% higher income. These
findings underscore a key challenge for park managers: designing reservation systems that pro-
tect resources while ensuring broad access. Without attention to distributional impacts, efforts
to control crowding risk exacerbating income-based disparities in who can visit and enjoy the

nation’s most treasured public lands.

Main

National parks play a crucial role in preserving biodiversity, natural landscapes, historical and
cultural heritage. However, the sustainability of the parks themselves is under threat from overuse.
In 2024, U.S. national parks saw record use, 331.9 million visits, including 38 parks that experienced
levels above their 10-year averages®. Many park campgrounds are routinely filled to capacity?. Such
high use is costly, taxing park resources®, negatively affecting plants and wildlife#, and causing

congestion that diminishes visitors’ experiences™®.

In response to these concerns, scholars, users and park managers have, for over 50 years, argued

for rationing use to avoid a tragedy of the commons in parks and protected areas™. Unlike market
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goods, price increases are seldom used to ration demand on public lands. This leaves non-market
allocation methods such as reservation systems, lotteries, queues (first-come, first-served systems)
and merit systems as potential rationing methods. Of these alternatives, reservation systems are

the most common, receiving support from users across a range of settings” 14,

While reservations for campsites and river trips date back to at least the 1970s, several national
parks have recently adopted policies to more broadly manage visitation. These systems, imple-
mented nearly entirely online, include vehicle reservation systems (regulating parking at popular
destinations or travel on popular corridors), and timed-entry systems (permitting park entry during
specific time windows). Initial evidence suggests these systems have helped improve sustainabil-
ity and are generally supported by the publict¥. However, many have expressed concern these
systems can have the unintended effect of decreasing access for lower income users® 215, These
concerns echo evidence that lower income individuals have poorer access to urban green spacesi®
and that terrestrial and marine protected areas are located closer to wealthier neighborhoods™ .
More recently, there is growing concern that technology limitations and congestion in online reser-
vation systems such as Recreation.gov, may disadvantage lower income or less technologically-saavy
users®®, This highlights a tension in the dual mission of park managers, to protect natural resources,

historical and recreational sites while, at the same time, promoting equitable access— two objectives

that can be at odds with one another.

Unfortunately, empirical evidence on the equity effects of reservation systems for public lands
is limited!4. Rice et al.1? use mobile phone data to study demographics of national park campers
who reserve in advance versus those who camp in first-come, first-served sites. They find those who
reserve in advance reside in higher income areas compared to those who camp first-come-first-served.
However, they are not able to distinguish between the effects of reserving in advance and the effects
of the online reservation system itself. Hughes?" studies the exclusionary effects of competition in
congested online reservation systems by comparing river permits allocated by lottery with those
obtained during online “buying frenzies.” He finds users who obtained their permit during a buying
frenzy are from higher income zip codes than those selected at random. This suggests congestion
in the online reservation system itself is an important factor in determining the types of users who
receive a permit. However, since both lottery and frenzy reservations are made far in advance of

the actual trips, we learn little about the effects of advance purchase.

In this paper, I examine how the advance purchase period and competition for reservations
(permits) affect the income distribution of visitors at seven national parks. Whereas prior work has
studied demographic effects in a single park?#1 I exploit variation in advance purchase periods
and permit competition within and across parks to separately identify the effects of each factor on

visitor income. Findings of substantial equity effects may motivate park managers to implement



random lotteries to avoid competition effects or to implement additional phasing of on-sales to
avoid advance-purchase effects. Therefore, understanding these relationships could improve equity

in sustainable management of the national parks.

Results

The analysis focuses on eleven reservation systems at seven national parks from 2021 through 2024.
Table [I] summarizes the main features of each park’s system. Advance reservation periods range
from 30 to 120 days and vary both across parks and within a given park over time. For instance,
Yosemite National Park has experimented with advance periods of different lengths while Acadia
has maintained a 90-day period throughout. Advance allocations can be block format, whereby
reservations for all dates within a period are available at one time (e.g. the entire month of July
becomes available on March 1), or rolling (e.g. a single date 90 days in the future is reservable).
Each park also makes a portion of its permits available shortly in advance of the desired visit date
to accommodate users who either cannot or prefer not to reserve in advance. In most cases these
are day-ahead reservations, but can also be two-day (Acadia and Haleakala) or seven-day ahead

(Yosemite).

Table 1: Advance Reservation Windows (Days in Advance) for Reservation Systems, 2021-2024

Park/Region 2021 2022 2023 2024

Rocky Mountain (Bear Lake Rd.) | 30-60 (block), 1 (day-ahead) 30-60 (block), 1 (day-ahead) 30-60 (block), 1 (day-ahead) 30-60 (block), 1 (day-ahead)
Rocky Mountain (Rest of Park) 30-60 (block), 1 (day-ahead) 30-60 (block), 1 (day-ahead) 30-60 (block), 1 (day-ahead) 30-60 (block), 1 (day-ahead)
Arches - 90-120 (block), 1 (day-ahead) | 90-120 (block), 1 (day-ahead) 90-120 (block), 1 (day-ahead)
Glacier (Sun Rd) 60 (rolling), 1 (day-ahead) 120 (rolling), 1 (day-ahead) |120-150 (block), 1 (day-ahead) 120 (rolling), 1 (day-ahead)
Glacier (Many Glacier) - - 120-150 (block), 1 (day-ahead) 120 (rolling), 1 (day-ahead)
Mount Rainier (Sunrise) - - - 90-120 (block), 2 (day-ahead)
Mount Rainier (Paradise) - 90-120 (block), 2 (day-ahead)
Haleakala (Summit Sunrise) 60 (rolling), 2 (day-ahead) 60 (rolling), 2 (day-ahead) 60 (rolling), 2 (day-ahead) 60 (rolling), 2 (day-ahead)
Acadia (Cadillac Sunrise) 90 (rolling), 2 (day-ahead) 90 (rolling), 2 (day-ahead) 90 (rolling), 2 (day-ahead) 90 (rolling), 2 (day-ahead)
Acadia (Rest of Day) 90 (rolling), 2 (day-ahead) 90 (rolling), 2 (day-ahead) 90 (rolling), 2 (day-ahead) 90 (rolling), 2 (day-ahead)
Yosemite 30-60 (5-blocks), 7 (day-ahead) | 60-120 (1-block), 7 (day-ahead) - 90-240 (block, Apr—Oct), 7 (day-ahead)

Figure (1] illustrates differences in reservation activity, competition and permit allocations for
two representative systems, Rocky Mountain National Park (RMNP) - Bear Lake Road permits and
sunrise at the summit of Cadillac Mountain in Acadia National Park. Figure [T shows reservations
by order (purchase) date in RMNP. The four spikes in each calendar year correspond to the on-sale
dates of the block allocations. This rush to reserve is consistent with reservations for national park
campgrounds and is an indicator of the popularity of these permits?. Lower levels of advanced
purchase continue between each block allocation. Day ahead reservations begin on Memorial Day
weekend each year, contributing to reservation totals during the remainder of the year. Figure
shows reservations for Acadia, which has a rolling allocation of advance reservations each spring.

Reservations increase substantially around Memorial Day weekend when day-ahead allocations



begin. Reservation activity drops mid-summer when advance purchases end, leaving only day-

ahead reservations for the remainder of the season.

(a) Reservations - RMNP Bear Lake Rd. (b) Reservations - Acadia Cadillac Sunrise
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Figure 1: Reservations, competition and permit allocations for Rocky Mountain National Park
(Bear Lake Road) and Acadia National Park (Cadillac Mountain Sunrise). Reservations are the
total number of reservations made per day. Competition is the share of total day-ahead permits
reserved during the first five minutes permits are available. Permits are the total number of permits
available by travel date. a Spikes in reservations at Rocky Mountain National Park at the beginning
of the advanced block distribution period. b Acadia reservations reflect the sum of advance purchase
and two-day-ahead market. ¢ Total permits allocated by Rocky National Park managers vary over
the period. d The allocation is constant in Acadia, about 150 per day. Competition for day-ahead
reservations is intense in both Rocky Mountain National Park e and Acadia f. In Acadia, over 90%

of day-ahead permits are reserved during the first five minutes.

Figure [Ic and Figure [Id plot total permits reserved for each day of the permit season. While



the data are noisy, we can infer an (approximately) binding permit cap in RMNP during the 2021
through 2024 season. The cap appears to increase from approximately 1,000 permits per day early
in the 2021 season, to approximately 1,500, then approximately 2000 permits per day later in the
season. The cap is approximately the same throughout the entire 2022 season but increases to
somewhat under 3,000 permits per day during the 2023 and 2024 seasons. For sunrise permits to
Cadillac Mountain in Acadia, daily permits fluctuate around 150 each year, suggesting an allocation
(target) of around 150 per day consistent with anecdotal reports?!. Figures through of the

Extended Data presents summary statistics for all eleven permit systems.

Figure [T and Figure plot competition for day-ahead and advance purchases in the two
systems. I define competition as the share of total permits allocated (for a start date or block) that
are reserved during the first five minutes permits are available. During 2021 and 2022, competition
for advance purchase permits in RMNP is low, approximately five percent of permits are reserved
during the first five minutes of each on-sale event. Competition is moderately higher during the
2023 and 2024 seasons, with between 10 and 20 percent of available permits reserved during the
first five minutes. In contrast, day ahead permits are generally more competitive. In 2023 and
2024, 60 to 80 percent of available permits are reserved during the first five minutes. For Acadia,
both advance and day ahead reservations are competitive. Advance reservations during the first
five minutes increase from approximately 10 to 20 percent in 2021 to over 60 percent on many days
during the 2024 season. Over 90 percent of day-ahead permits are reserved during the first five
minutes. The Extended Data show similar periods of intense competition for day-ahead permits in

each of the other parks.

Differences in reservation system design parameter create variation in competition for permits
that I exploit in the regression analysis below. When demand for permits exceeds supply, the
permit allocation affects competition for reservations, all else equal. To see this, Figure [2| plots day
ahead permit reservations for the Going to the Sun Road in Glacier National Park during the 2022
season (panel a) and RMNP (No Bear Lake Road/rest of park) during the 2021 season (panel b). In
Glacier, 500 permits per day were awarded in June 2022. Early season permits are limited to lower
elevations as the summit over Logan Pass has not yet been cleared of snow. However, each year
additional permits are allocated once the entire road opens. The exact date varies from year to year
depending on snowpack and the spring thaw. In 2021, this occurred on July 13th as indicated by
the vertical dotted line in Figure , amounting to an (essentially) exogenous increase in the permit
allocation on that date. The green line in Figure |2 plots the five minute competition measure. We
see competition rises throughout June, presumably due to increasing summer travel during the
period, peaking at approximately 90 percent in early July. Competition falls to about 70 percent

when additional permits are allocated on July 13th — travelers have already arrived at the park



having made plans weeks or months in advance and so, the exogenous increase in permits decreases
competition without increasing permit demand, at least in the short-run. Thus, park managers’
decisions about the number of permits to award can determine the level of permit competition.
Further, we see similar patterns in the average income of permit holders. Income, approximated
as the median household income in the zip code where a user resides, increases throughout June.
However, immediately after July 13th, both competition and income fall sharply. Income decreases
from about $85,000 in early July, to between $75,000 and $80,000 after permits are released. This
result is consistent with Hughes?Y who finds income is positively correlated with competition for

river permits in the western United States.

(a) Glacier - Going to the Sun Road (b) RMNP - Rest of Park
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Figure 2: Correlations between day-ahead reservations, competition and visitor income in four
reservation systems: a Glacier National Park (2022); b Rocky Mountain National Park - Rest of
Park (2021); and ¢ Yosemite (2022). Day-ahead permits are the total number of day ahead permits
allocated each period. Competition is the share of total day-ahead permits reserved during the
first five minutes permits are available. Income is zip-code level median household income of park

visitors, averaged by reservation date.

Figure shows similar trends for RMNP. During the 2021 season, park managers realized
approximately one third of reservation holders “no-show,” resulting in un-used capacity??. As a
result, on July 1, 2021 RMNP increased Bear Lake road permits from 600 to 1,200 per day. This

reduced the competition measure from approximately 85 percent to approximately 70 percent.



Income, which had been increasing throughout the spring, decreases after the shock such that the

average reservation holder resides in a zip code with about $2,000 lower median income.

Figure plots day ahead permits, competition and income for Yosemite in 2022. During
the peak summer season, permits and competition follow an inverse relationship. It appears that
more permits are allocated Sunday through Wednesday each week and fewer on Thursday through
Saturday. This pattern could be due to higher weekend camping demand since camp reservations
substitute for an entry permit. Nevertheless, on days with fewer day-ahead permits there is intense
competition for reservations and income increases. However, behavior is different during the early
and late season when permits, competition and income all move together. Here, it appears that
competition and potentially income, are driven by recreational demand shocks. This highlights
the need to control for time-varying demand shifters that could be correlated with income in the

regressions below.

Regression results

I flexibly estimate the relationships between the average income of permit holders, competition in
the advanced and day-ahead permit markets and advanced reservation lead-time using a series of
linear regressions. Competition in the advanced and day-ahead permit markets is modeled with
sets of indicator variables corresponding to four regular interval bins of the five-minute competition
measure. The length of advance purchase is captured by a set of indicator variables corresponding
to the number of days before the trip start date permit reservations are first accepted. Lead time
of zero days, i.e. same day purchases, is the omitted category. Therefore, comparisons are between
a given category and reservations made when there is sufficient capacity for same-day entry. These
results are presented in Table |3l Column 1 presents results from a base specification that controls
for permit fixed-effects. Columns 2 - 4 add controls for demand shifters based on: whether the
permit falls on a weekend or federal holiday (column 2); week of year (column 3); and permit-specific

week-effects (column 4).

Higher competition, in both the advanced and day-ahead permit markets, is associated with
higher average income. During the least competitive advance purchase on-sales, where five minute
sales percentages are between zero and 25 percent, reservation holders come from zip codes with
median income between $343 and $520 higher than users who reserve same day. However, in
the most competitive advance on-sales, with five minute sales percentages between 75 and 100
percent, the average reservation holder resides in a zip code with $3,748 to $4,135 higher median
income. Effects are similar for day-ahead reservations. In the most competitive day-ahead on-sales,

successful reservation holders come from zip codes where median income is between $2,690 and



Table 2: Reservation Systems and Zip-Code Level User Income

1) (2) 3) (4) (5)

Base Weekend Effects Seasonality Park Seasonality Non Parametric
Advance Comp. (0, 0.25) 520.4* 519.7* 479.2 343.4 595.2**
(288.6) (296.7) (300.1) (273.4) (271.8)
Advance Comp. [0.25, 0.50) 730.2 693.4 403.8 115.6 1069.0**
(497.6) (497.0) (499.2) (483.1) (466.7)
Advance Comp. [0.50, 0.75) 2614.8*** 2529.8%** 2506.1%** 1814.8*** 1976.2**
(509.4) (584.0) (522.6) (515.5) (736.3)
Advance. Comp. [0.75, 1.00) 4135.1%** 3968.8*** 4047.7%** 3747.7*%* 3158.8%**
(786.9) (754.1) (701.5) (716.2) (890.8)
Day-Ahead Comp. (0, 0.25) -351.0 -271.9 -197.7 -120.8 1866.5***
(556.3) (554.2) (530.5) (476.9) (558.5)
Day-Ahead Comp. [0.25, 0.50) 54.57 36.37 59.43 -73.73 2279.2%**
(495.1) (460.0) (469.0) (472.3) (385.8)
Day-Ahead Comp. [0.75, 1.00)  965.5** 957.1** 658.2 615.4 3232.0%**
(440.2) (402.3) (441.9) (418.5) (436.3)
Day-Ahead Comp. [0.75, 1.00) 3203.8*** 2815.2%** 2771.2%** 2690.4*** 5029.8***
(549.8) (551.1) (575.4) (554.5) (502.6)
Lead-Time Days (0, 30) 3702.0%** 3631.8%** 3456.8%** 3313.2%**
(336.2) (335.0) (332.5) (333.4)
Lead-Time Days [30, 60) 3641.6%** 3533.6%** 3333.4%** 3254.3%**
(396.8) (410.8) (403.0) (361.3)
Lead-Time Days [60, 90) 3830.1%** 3722.9%** 3378.4%** 3256.4***
(415.8) (435.8) (425.2) (376.3)
Lead-Time Days [90, 120) 2586.0%** 2480.7*** 2455.1%** 2466.2%**
(643.8) (672.0) (704.7) (661.2)
Lead-Time Days [120, 180) 2022.3** 1922.1** 1707.3** 1614.7**
(784.5) (798.6) (786.1) (777.3)
Lead-Time Days [180, co) 2098.5%** 1880.5*** 1681.1*** 2060.3***
(577.8) (595.6) (495.9) (541.7)
Federal Holiday 1952.8%*** 1722.0%** 1655.2%*** 1621.5%**
(308.9) (249.5) (229.7) (330.2)
Weekend 1520.5*** 1539.8*** 1527.7*** 1506.3***
(279.2) (274.5) (269.9) (301.3)
Permit Effects Yes Yes Yes Yes Yes
Week Effects No No Yes Yes No
Permit*Week Effects No No No Yes No
Observations 5,279,457 5,279,457 5,279,457 5,279,457 527,512

Table 3: The dependent variable in each regression is median household income by customer zip
code. Federal Holiday is a set of indicator variables equal to one if the trip start date is a federal
holiday. Weekend is a set of indicator variables equal to one if the trip start date is a Saturday or

Sunday. Standard errors clustered at the permit-by-year level. * p < 0.10, ** p < 0.05, *** p < 0.01.



$3,204 higher compared to those who purchased same day. In all cases, permits falling on federal
holidays or weekends are associated with higher incomes. Controlling for holiday, weekend and
seasonal effects reduces the estimated effects of competition on income, suggesting controlling for
demand related factors is important. Table in the Extended Data presents a leave one out

analysis showing these results do not depend on any single park’s reservation system.

Advance purchase reservations are also associated with higher incomes, consistent with results
in Rice et. al.™ for camping reservations. Relative to same-day reservations, advance reservations
made up to 30, 30 to 60, and 60 to 90 days in advance are associated with median zip-code incomes
that are $3,254 to $3,830 higher. Longer advance purchases are associated with somewhat smaller
income differences, between $2,455 and $2,586 for 90 to 120 days, $1,615 and $2,022 for 120 to
180 days and between $1,681 and $2,099 for greater than 180 days. The pattern of non-linearity
of the advanced purchase parameters, suggests a more flexible specification for lead time may
be important. Column five presents results using Robinson’s square of root N-consistent semi-
parametric regression®? that allows for a general functional relationship between advance purchase
lead time and income A(/;). I estimate the model on a random ten percent sample of transactions
and without week-effects for computational tractability. The estimated effects of competition in the
advance and day-ahead reservation markets are comparable to estimates in columns one through
four. In the most competitive advance purchase on-sales, reservation holders come from zip codes
with $3,159 higher median income. The most competitive day-ahead on-sales are associated with

$5,030 higher median income.

The relationship between advance purchase lead time and income is plotted in Figure[3] Median
income shows a generally upward trend, increasing with advance purchase lead time. Users who
reserve 180 days in advance come from zip codes where median income is approximately $10,000
higher than those who reserve same-day, all else equal. However, while visitors from lower income
zip-codes appear to prefer short advance purchase windows or day-ahead reservations, congested
buying frenzies in the day-ahead markets disadvantage lower income users. Therefore, moving to

a day-ahead-only model would not necessarily alleviate the equity problem.

When interpreting the results in Table [3| and Figure [3] it is important to note while higher
income users prefer to reserve in advance, this preference only impacts equity if their reservations
prevent lower income users from reserving later. Therefore, a better test of the advanced reservation
effect would focus on the effective lead time when advanced reservations are sold-out, potentially

excluding lower income users.

Because parks’ advance purchase period may reflect differences in demand and tend not to

vary during this period, it is difficult to separate out the effect of the effective lead time from
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Figure 3: Relationship between advance purchase reservation lead time and visitor income. Non-
parametric relationship estimated using Robinson’s square of root N-consistent semi-parametric
regression. Data are a 10 percent sample of all reservations. Model specification includes permit-

specific mean effects.

differences in park characteristics that may be correlated with user incomes. However Yosemite,
did experiment with different advance reservation periods (Glacier also changed lead times but also
moved between rolling and block allocations at the same time). In 2021, the park operated five
advanced purchase block allocations approximately 30 to 60 days in advance of trip start dates. In
2022, the separate periods were eliminated in favor of a single block allocation (March 23, 2022)
with lead time between 60 and 120 days depending on trip date. Finally, in 2024 the single block
allocation was moved back three months (January 5, 2024) increasing lead time to between 90 and

240 days. These changes altered the effective date of the advanced purchase.

Figure [ plots the booking curves for Yosemite permits for July 4 in 2021, 2022 and 2024.
Cumulative reservations are the share of total permits booked by any given order date. The
plateau in each curve occurs when advance reservations are completely booked, i.e. the effective
lead time for making an advance reservation. The jump in each curve in late June marks the
seven day-ahead on-sale. For 2024, we see that opening reservations earlier extends the reservation
period and shifts the effective lead time from the end of May in 2021 to the beginning of May
in 2024. In 2022, the larger allocation to advanced reservations, about 70% versus 50% in 2021,
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Figure 4: Booking curves for Yosemite National Park ticketed entry permits for July 4 in 2021, 2022
and 2024. Changes in the duration of the reservation period and total permit allocation each year

lead to different effective lead times (inset), defined as the date advanced reservations are sold-out.

shifts lead time to early June. However in 2024, the longer advance reservation period extends
lead time back to May 1. Figure {4| (inset) shows these changes in the Yosemite reservation system
affect reservation lead time throughout the season, increasing average times from 2021 to 2022 and
from 2022 to 2024. Regression results using this variation in effective lead time are presented in
Table |[A2] of the extended data. In Yosemite, increasing lead time is correlated with a shift toward
reservation holders residing in higher-income areas. Each additional day of lead time corresponds to
$21-$24 higher median zip-code income; thus, extending the lead time from 30 to 180 days implies
a difference of approximately $3,150 to $3,600 in median zip-code income. This result is broadly
consistent with results for all seven parks above, and suggests exclusionary effects and not simply

differences in preferences, explain the observed advanced purchase effects.
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Discussion

While evidence suggests that reservation systems can be effective at protecting national park re-
sources and visitor experience, I show that these systems can also have equity effects. In the
most competitive advance reservation on-sales, reservation holders reside in zip codes with median
incomes between $3,200 and $4,200 (4 to 5 percent) higher. In the most competitive day-ahead
on-sales, reservation holders come from zip codes with incomes $2,700 to $5,000 (3 to 6 percent)
higher. Longer advance reservation periods also favor higher-income users: increasing the effective
lead time from 30 to 180 days is associated with $1,500 to $3,500 higher zip-code income. These
trends are consistent with Miller et al.’® who surveyed users before and after the implementation
of the timed-entry system in Arches National Park. During the timed-entry period visitors planned
further in advance. Visitor incomes were higher than during the pre-period, though a joint test of
income differences across eight categories was not statistically significant. While the authors con-
clude there are no statistically significant exclusionary effects during the timed-entry pilot, their
results suggest timed-entry reservation systems can impact visitor incomes, consistent with the

results presented here.

So what is a park manager to do if equitable access is a concern? Because reservation systems
are designed to ration use, some level of competition is unavoidable. However, active monitoring
and management of competition in advance and day-ahead reservation systems could partially
mitigate competition effects. For instance, changes to the share of permits offered in the advance
versus day-ahead markets could lower competition in some cases. Admittedly, this may not always
be possible. For instance, sunrise permits for Acadia and Haleakala are extremely competitive in
both the day ahead and advance markets (see Figure |A| in the Extended Data). However, the
Rocky Mountain National Park and Yosemite systems would seem to benefit from a rebalancing of

permits toward the day/week-ahead markets.

In terms of advanced reservation periods, the evidence presented here suggests higher income
users do preferentially reserve in advance, consistent with evidence from related markets. This
leads to equity effects when permits are fully reserved months in advance. Therefore, additional
phasing of permit on-sales could help alleviate advanced reservation effects. This strategy has
been pursued by a number of public campgrounds. While shorter lead times would allow users
with scheduling constraints the chance to compete for permits, competition effects may still favor
higher income users, even with staggered allocations. These competition effects could increase when
the total permit allocation is further subdivided into sequential allocations, highlighting a potential
trade-off in equity effects. In some cases random allocation via lotteries, such as those used in many

river systems some popular hiking destinations, may be required to ensure equitable allocation of
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permits.

Methods

Data

Transaction-level data on reservations (permits) are from the Recreation Information Database
(RIDB)?%, The sample runs from 2021 through 2024, covering the first post-COVID year of reser-
vation systems through the most recent year data are available. Median household income data are
from the American Community Survey (ACS)%?. I match zip-code-level income with each user’s
zip code as reported in RIDB. I collect detailed historical data on the design of each park’s per-
mit system from the corresponding product pages on Recreation.gov and use the Internet Archive
Wayback Machine® to access prior years’ data. Additional information on each park’s reservation

system is presented in Table [AT] of the Extended Data.

I collect data on eleven permits at the seven national parks currently employing general reserva-
tion systems: Acadia, Arches, Glacier, Haleakala, Mount Rainier, Rocky Mountain and Yosemite.
Reservations may permit access to specific locations, e.g. Cadillac Mountain (Acadia) or the Bear
Lake Road corridor (RMNP), or to large areas of the park such as in Arches or Yosemite. Permits
may also pertain to a specific time of day, e.g. sunrise (Acadia or Haleakala) or hourly blocks when
park entry is permitted (RMNP). These eleven systems are general in the sense they do not pertain
to a specific activity and can encompass hiking, car touring, wildlife viewing, etcetera. 1 exclude
reservation systems at two parks for activities requiring advanced or technical skills (Old Rag in

Shenandoah and Angels Landing, the Subway and the Narrows in Zion).

The RIDB data record the exact time and date of each transaction. I calculate reservation
lead times as trip start-date minus order-date. From historical product pages I note the on-sale
date as the first day permits are available for each period. I then classify individual transactions
as “advance-purchase” or “day-ahead” reservation if the transaction falls on the on-sale date, for
either type, and record whether the purchase occurred during the first five minutes of the on-sale

period.

Regression model

The empirical model separately estimates the effects of advanced reservation lead time and com-

petition for permits on the average incomes of permit holders. To do this requires controlling for
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factors related to the time-varying demand for particular permits that could also be correlated with

the incomes of permit holders. The main specification is:
Income;; = OéApt + (5Dpt + )‘Lipt + €p + € + €ty (1)

where Income;; is the average median household income (zip-code level) of user holding permit i
purchased at time ¢. Competition for advanced purchase permits is flexibly modeled as a vector of
indicator variables A, defined by the ranges for the share of available permits that are purchased
during the first five minutes permits are for sale. The specification uses four intervals: (0,0.25);
[0.25,0.50); [0.50,0.75); and [0.75,1.00]. Similarly, D,; is a vector of indicator variables defined by
analogous intervals of competition during day-ahead on-sale events. To flexibly capture advance
purchase, L;y is a vector of indicator variables corresponding to different lead time intervals.
Specifically, I use six bins: (0,30); [30,60); [60,90); [90,120); [120,180); and [180,00) . Day-of
purchase, i.e. zero lead time, are the omitted category serving both as the reference for advanced
and day-ahead on-sales, but also purchases at other times during the season captured by the lead

time categorical variables.

I control for permit-specific factors using mean-effects €,. Here, I distinguish between permit
types for parks that have multiple timed-entry permits, for example Bear Lake Road and the rest
of the park in RMNP. I control for time-varying demand factors that may be correlated with user

characteristics with €, a set of time or time-by-permit fixed-effects and ¢;; is the error term.

Data availability
Transaction level reservation data are available from the Recreation Information Database
(https://ridb.recreation.gov/)). Zip-code level income data are available from the American

Community Survey (https://www.census.gov/programs-surveys/acs.html). Replication data

for this paper are available via Zenodo at (https://zenodo.org/records/17186257).

Code availability

Replication code for the analysis is available at https://github.com/jonathan-e-hughes/Park-Reservations!
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Online Appendix

A Extended data

Table Al: Timed Entry Reservation Periods for Selected National Parks, 2021-2024

Park / Region 2021 2022 2023 2024 Release Time (Adv.|Day-Ahead)
Rocky Mountain (Bear Lake/Rest of Park) | 5/28-10/11 | 5/27-10/10 | 5/26-10/22 | 5/24-10/20 | 8am,10am MDT | 5pm/7pm MDT
Arches 4/3-10/3 | 4/1-10/31 | 4/1-10/31 | 4/1-10/31 8am MDT | 6pm/7pm MDT
Glacier (Sun Road) 5/28-9/6 | 5/27-9/11 | 5/26-9/10 | 5/24-9/8 8am MDT | 8am/7pm MDT
Glacier (Many Glacier) - - 7/1-9/10 7/1-9/8 8am MDT | 8am/7pm MDT
Mount Rainier (Sunrise/Paradise) - - - 5/24-9/2 8am PT | 7pm PST
Haleakala (Summit Sunrise) Year-round | Year-round | Year-round | Year-round 7am HST

Acadia (Sunrise/Rest of Day) 5/26-10/19 | 5/25-10/22 | 5/24-10/22 | 5/22-10/27 10am ET

Yosemite 5/21-9/30 | 5/20-9/30 - 4/13-10/27 8am PST

Table A2: Effects of Timed-Entry Systems on User Income

(1)
YoseBase YoseWeekendEfl YoseSeasons

(2)

(3)

AdvSoldOut 21.49*** 27.84*** 24.13%**
(1.354) (1.496) (1.516)
Permit Effects Yes Yes Yes
Week effects No Yes Yes
Weekend Effects No No Yes
Observations 495594 495594 495594

Standard errors in parentheses

* p<0.10, ™ p < 0.05, *** p < 0.01




Table A3: Robustness to Excluding Potentially Influential Parks
1) (2) 3) (4) () (6) (7)

Acadia Arches Glacier  Haleakala  Rainier Rocky Yosemite

Advance Comp. (0, 0.25) 325.4 4447 95.30 345.0 383.5  1396.8***  46.19
(276.0)  (275.0)  (263.6)  (281.9)  (277.0)  (316.2) (259.0)

Advance Comp. [0.25, 0.50) 86.28 336.9  516.5* 84.46 156.7 167.5 -182.2
(502.0)  (465.3)  (224.7)  (503.5)  (486.2)  (909.9) (459.8)

Advance Comp. [0.50, 0.75)  1867.6™** 2076.4***  642.7  1846.6*** 1844.7°** 2340.6*** 1481.5%**
(544.3)  (503.9)  (848.1)  (586.2)  (514.5)  (469.9) (535.0)

Advance. Comp. [0.75, 1.00)  3700.1*** 3943.7°**  2197.7  3739.8*** 3768.3*** 4630.7*** 3378.9***
(725.9)  (727.6)  (2366.8)  (749.2)  (738.5)  (697.4) (913.6)

Day-Ahead Comp. (0, 0.25)  -1085.1**  376.4 -46.81 -103.7 -30.77 192.8 -372.8
(462.0)  (431.9)  (502.4)  (478.1)  (474.4)  (601.4) (528.1)

Day-Ahead Comp. [0.25, 0.50)  -300.7 403.3 -92.85 -64.33 7.000 487.2  -837.9%**
(512.7)  (509.5)  (501.7)  (475.4)  (495.3)  (703.9) (247.3)

Day-Ahead Comp. [0.75, 1.00)  403.4 739.4 634.8 621.3 718.5 1471.0* -58.76
(454.4)  (460.7)  (432.4)  (422.6)  (4425)  (830.4) (197.0)

Day-Ahead Comp. [0.75, 1.00) 2439.3*** 2693.3*** 2539.2*** 2642.2%** 2736.8*** 4374.6*** 1909.8"**
(597.3)  (608.8)  (628.5)  (579.8)  (573.6)  (662.2) (317.1)

Lead-Time Days (0, 30) 3622.1%%*  2791.3*** 3389.3*** 3304.0°** 3233.9*** 3267.3*** 3577.8%**
(412.1)  (289.2)  (326.2)  (334.3)  (340.4)  (421.6) (316.4)

Lead-Time Days [30, 60) 3352.4%**  2637.4*** 3386.9%** 3265.0°** 3184.0*** 3945.8***  3206.6***
(424.8)  (301.1)  (360.0)  (363.9)  (366.5)  (421.6) (377.4)

Lead-Time Days [60, 90) 3463.5%**  2531.6%** 3384.0%** 3283.2°** 3220.9"** 3565.9%**  3284.4%**
(442.7)  (300.6)  (375.0)  (372.5)  (392.0)  (407.0) (418.8)

Lead-Time Days [90, 120) 2584.4%%%  1349.6*  3221.9%%*  2464.6°** 2464.2%** 2489.5%%%  2365.7%**
(753.7)  (698.9)  (417.1)  (663.6)  (713.0)  (644.4) (856.2)

Lead-Time Days [120, 180) 1729.2°%  996.4  1987.6*** 1620.2**  1564.9*  1893.4**  1548.3
(810.3)  (798.9)  (407.7)  (778.5)  (798.5)  (702.0)  (1067.2)

Lead-Time Days [180, co) 2214.4%%*  1383.8%%  2320.6%** 2062.0°** 1951.7%** 1857.2%** 10869.3***
(590.2)  (503.5)  (513.8)  (545.0)  (562.0)  (599.6)  (3555.3)

Federal Holiday 1647.3*%  1727.7*** 1870.7*** 1668.0*** 1570.3*** 1678.7***  1432.1%***
(259.6)  (255.7)  (238.8)  (233.3)  (2232)  (338.9) (201.4)

Weekend 1544.5%%%  1781.0%** 1826.1%** 1525.0%** 1345.7%** 1375.6%** 1204.7**
(306.7)  (270.2)  (262.1)  (275.5)  (234.0)  (420.1) (288.2)

Permit Effects Yes Yes Yes Yes Yes Yes Yes
Week Effects Yes Yes Yes Yes Yes Yes Yes
Permit*Week Effects Yes Yes Yes Yes Yes Yes Yes
Observations 4,666,138 4,551,252 4,542,176 5,178,170 5,078,320 3,173,445 4,487,241

Table A4: The dependent variable in each regression is median household income by customer zip
code. Each column excludes from the sample observations for the park indicated. The similarity
of estimates across samples suggests the results do not rely on any particular park’s reservation
system. Federal Holiday is a set of indicator variables equal to one if the trip start date is a federal
holiday. Weekend is a set of indicator variables equal to one if the trip start date is a Saturday or

Sunday. Standard errors clustered at the permit-by-year level. * p < 0.10, ** p < 0.05, *** p < 0.01.



Figure Al: Permit reservation
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Figure A2: The share of available permits reserved during the first five minutes of the on-sale event.
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Figure A3: Total permits reserved/allocated by trip date at seven national parks, eleven reservation

systems.
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