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Abstract: Climate change is impacting the distribution of climate resources upon which nature-based
tourism and recreation depends. Accordingly, we examine the global distribution of climate resources
from 1948 to 2016 using the Camping Climate Index (CCI), a composite index previously validated for
camping and national parks visitation for 80% of the world’s major climate types found in the United
States. Calculating the CCI globally, spatial and temporal analysis indicates that climate suitability
differs greatly for nature-based tourism and that changes have occurred over the last 50 years in
many destinations. Locations with higher latitudes and altitudes have primarily experienced shifts
towards more favorable climate conditions. Conditions have worsened in tropical and subtropical
regions such as central Africa, central Australia, and Southern Asia. Results demonstrate that the
redistribution of global climate resources for nature-based tourism and recreation is primarily driven
by warming temperatures and the increased frequency of extreme weather events in some regions.
Study findings are of particular interest to destination managers and planners of outdoor locations
susceptible to weather and climate change.
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1. Introduction

Tourism is a trillion-dollar industry that contributed approximately 10.4% to the global
GDP in 2019 [1]. International tourism has increased 56-fold from 25 million tourist arrivals
in 1950 to 1.4 billion in the year prior to the COVID-19 pandemic [2], with nature-based
tourism being one of the fastest-growing tourism segments globally [3]. Nature-based
tourism and recreation rely on the natural environment and wildlife, and include activities
like camping, hiking, and sightseeing, often in parks and protected areas [4,5]. The outdoor
nature of such tourism and recreation activities makes them susceptible to weather, climate,
and, over the course of decades, climate change. In the tourism climatology literature,
meteorological variables (i.e., temperature, precipitation) that influence tourist behaviors
are referred to as climate resources [6-8]. To inform destination management and planning,
the goal of this study is to (1) document the global spatial and temporal distributions of
climate resources for nature-based tourism and recreation, and (2) examine how these
resources have changed over the last seven decades.

1.1. Camping: Nature-Based Tourism and Recreation

We focus on camping because of its representativeness of the nature-based tourism
industry as a nature-based tourism accommodation and a form of recreation activity [9-11].
Camping involves travel with one or more nights away from home in a temporary dwelling
such as a tent or mobile recreational vehicle (RV) [12]. Camping has significantly increased
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in popularity over the last 20 years, particularly during the pandemic, and stimulates
economic activities around the globe.

International interest in camping is highlighted by camping review articles by Brooker
and Joppe [9] and more recently by Rogerson and Rogerson [11]. In Canada, the RV
industry has grown over 200% from 2010 to 2017, contributing to over $7 billion in retail
sales annually [13]. In the US, there were over 86 million active camping households in
2020, and the proportion of first-time campers grew from 4% to 21% from 2019 to 2020 [14].
A study [15] foresees a stable growth rate of 7.6% between 2019 and 2029 for the camping
and caravanning markets in countries such as Thailand, the Philippines, India, Brazil,
and the UAE. Among all, the European region is expected to retain a leading position
in the global camping industry with growing trends in mobile homes and billions of
tent turnovers in the region [16]. With an increasing number of millennial campers and
the rise in global demand for camping facilities, the camping segment is anticipated to
show a relatively higher growth rate compared to some other tourism segments. Yet,
camping—a sub-sector of nature-based tourism and recreation—remains understudied in
many countries throughout the world, particularly in developing markets [11,17].

There have been two major developments that have increased the popularity and
demand for camping around the world. First, the variety of accommodations, services,
and amenities available to camping tourists has greatly expanded in the last 20 years
(e.g., [18-20]). For instance, camping and its recent modern extensions (e.g., ‘glamping’,
RV life) “offers modern amenities (e.g., WIFI) available in a variety of accommodation
structures including cabins, treehouses, and tents thus removing many of the discomforts
of traditional camping.” [21] (p. 1). Traditionally, tourists needed to have access to their
own equipment, but recent innovations (e.g., cabin-camping, shared economy) have also
made camping more accessible to a diverse range of new and experienced campers [11,19].
Second, the demand for camping increased globally during the COVID-19 pandemic due
to international and domestic travel restrictions and relative health safety (e.g., socially
distant, outdoors) compared to other accommodations and holiday activities [22-24].

1.2. Weather and Climate

Weather and climate significantly influence the length and comfort of nature-based
tourism and recreation seasons [7,25-29], destination choice [30-32], and the willingness to
pay [33,34]. Tourism vulnerabilities of park and nature-based tourism to climate change
are well documented [8,35,36], where recent studies have highlighted that climate change
creates both threats and opportunities (e.g., [37]). Warmer temperatures are generally
associated with higher outdoor tourism activities [38,39]. Travel frequency and tourism
expenditure increase as temperature increases [40,41]. Observed changes in climate have
already expanded camping and park operation seasons in parts of North America and
north and central Europe, in some instances by over a month, due to improved spring
and fall shoulder seasons [6,37,42—-46]. Others have raised concerns about intense heat
reducing park and camping visits [38,47,48] and empirically demonstrated that the higher
frequency and intensity of extreme weather (a consequence of climate change) can adversely
affect camping [49]. For instance, intense heat and wildfire in California, United States
necessitated the evacuation of more than 200 campers from the Sierra National Forest
in summer 2020 [50,51]. Climate change-induced extreme weather (e.g., record-breaking
heatwaves, heavy rainstorms) are exposing the individual campers to higher risks [52,53].
Despite being a global phenomenon highly dependent on weather and climate variability,
there have been no studies on a global scale to (1) measure climate resources for camping,
(2) assess ongoing changes in climate resources for camping /camping seasons, or (3) examine
changes in the frequencies of extreme weather events of importance to camping safety
and experience.

We address these research gaps as the first study to globally quantify the long-term
distribution of climate resources for camping. Climate resources are holistic measures of
multiple meteorological variables that influence tourist comfort, experience, and decision-
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making as well as tourism operator organizational performance (e.g., camping occupancy
or sales) [8]. We utilize the Camping Climate Index (CCI) [54] to quantify long-term
averages and changes for camping climate resources from 1948 to 2016 globally. The CCI
is a data-driven tourism climate index that combines seven meteorological variables and
threshold levels (e.g., extreme precipitation and temperature) that influence camping and
other nature-based tourism activities [54]. The CCI has been validated at for-profit [54]
and non-profit campgrounds [6] across the US. Validation efforts occurred in the United
States using daily and monthly nature-based tourism data [6,54] for locations in four of the
world’s five major Képpen climate types (i.e., tropical, dry, temperate, continental) that
occur in the USA. Studies have matched the CCI with survey data about travel plans in
addition to observed camping occupancy. Responses from a national survey in the USA
revealed that travelers who experience better CCI are more likely to take camping trips in
the USA [24]. Retrospective time-series analysis suggested the inclusion of the exogenous
CCI variable improved the forecast accuracy for camping occupancy at 36 US National
Parks by an average of 9.23% for tent camping and 8.61% for RV camping [55]. In addition,
the identified weather thresholds within CCI are highly consistent with the camping [47,56]
and park visitation [39,57,58] in other studies (see Supplemental Table S1), suggesting the
suitability of applying the CCI in other countries and diverse geographical markets.

2. Materials and Methods
2.1. Climate Data

Seven climate variables are required to calculate the CCI, including daily maximum
temperature, minimum temperature, mean temperature, dew point temperature, precipita-
tion, wind speed, and sunshine hours. Sunshine hours and cloud cover share similar prop-
erties and can be used interchangeably based on data availability. Sunshine hours are not
readily accessible on the global scale. Therefore, we used downward incoming solar radia-
tion and geo-coordinates to calculate sunshine hours using the Allen et al. [59] methodology,
a method widely recognized by varied disciplines [60-62]. The near-surface meteorological
data for the seven variables were obtained from the hybrid reanalysis-observational dataset
(version 3 updated to 2016) [63], which has been extensively validated and utilized in other
climatological studies (e.g., [64—66]). The dataset was downloaded from Terrestrial Hy-
drology Research Group (http:/ /hydrology.princeton.edu/data/pgf/v3/0.25deg/daily/,
accessed on 21 November 2021). The dataset has a daily frequency from 1 January 1948 to
31 December 2016 and covers the global land area with 0.25 * 0.25-degree spatial resolution.

2.2. The Camping Climate Index

The CCI captures the suite of climate resources (i.e., meteorological variables and
extremes) of importance to camping and other comparable nature-based tourism activities
(e.g., national park visitation). The CCI was developed and validated based on revealed
preferences determined from daily camping occupancy data between 2007 and 2016 at
29 business campgrounds [54] and monthly visitation data between 1981 and 2019 at
11 National Parks [6] throughout the United States. As outlined by Ma et al. [54], thermal
comfort and aesthetic appeal (i.e., sunshine hours) are of approximately equal importance
to camping. Physical states of the atmosphere (i.e., precipitation and wind speed) and
extreme thermal states (i.e., maximum and minimum temperature) can cause an overriding
effect regardless of thermal comfort and aesthetic appeal. The weather variable threshold
values were determined by a series iterative correlation where the highest correlation
between camping occupancy and unfavorable CCI occurred. In other words, the method
identifies weather extreme values that have the most salient adverse impact on camping
occupancy. Therefore, the CCI takes both additive and multiplicative terms to express
which meteorological variables influence tourist behaviors. The final CCI scores rank from
0 (unfavorable) to 10 (optimal). See Ma et al. [54] for a more detailed explanation of the
CCI development.
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3. Results and Analysis
3.1. Spatial Distribution of Climate Resources for Camping

To evaluate the spatial distribution of climate resources for camping, daily CCI scores
were averaged on each grid cell for the duration of the study period. Figure 1 shows the
annual spatial distribution of CCI scores from 1948 to 2016 based on the daily observational
climate data. The CCI scores exhibit a strong spatial variation from region to region across
the globe, depending on the relative locations of land and ocean, the distance to the equator,
altitude, and landscape. In general, coastal regions demonstrate relatively stable CCI
scores due to the moderating influence of oceans. For instance, similar CCI scores extend
along the ocean coast in western United States, South America, western and eastern Africa,
and western Europe. Tropical and sub-tropical regions, in general, have the highest CCI
scores, which decrease poleward as the overall thermal comfort declines in temperate
climate zones. Elevation is also an important parameter for the CCI on a global scale. For
instance, the CCI score is much lower along the Tibet plateau (southern China) and Andes
Mountain (South America) than comparable latitudes due to the comparatively higher
altitudes and cooler climate. Moreover, the impact of regional landscape on micro-level
climate contributes to the variations in CCI score on a location-based scale.
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Figure 1. Spatial distribution of the annual averaged CCI scores during 1948-2016.

While the annual CCI score provides insight into the global geography of climate
resources for camping and nature-based tourism activities, seasonal scale scores provide
greater insight into tourism operations. To understand the seasonal variations of climate
resources, the CCI score was calculated for the months that define the four meteorological
seasons (MAM, JJA, SON, DJF). Figure 2 shows the spatial distribution of averaged daily
CCI from 1948 to 2016 for individual seasons. As expected, the highest rated season is
summer (JJA for northern hemisphere; DJF for the southern hemisphere), while winter
is the lowest rated. This is consistent with other studies that have examined climate
preferences for nature-based tourism (including camping) [38,39,67]. The CCI score in
mid- to higher-latitude northern hemisphere regions has the largest variation during the
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shoulder seasons (MAM and SON) due to the frequently changing weather patterns during
the transition seasons. The northern hemisphere has the lowest variation during winter as
much of North America, Europe, and Asia are too cold for camping. A global dataset of
camping market indicators (e.g., visitor nights, spending) is not available to compare with
the geography of climate resources.
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Figure 2. Cont.
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Figure 2. Spatial distribution of the seasonal averaged CCI scores during 1948-2016.
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3.2. Temporal Redistribution of Climate Resources

To understand the impact of ongoing climate change for tourism climate resources,
changes in CClI scores across the four meteorological seasons were analyzed. A two-sided
Mann-Kendall trend test at 0.95 confidence level was applied to determine if the CCI
changes were significant. Figure 3 shows the spatial distribution of the long-term trends
in seasonally averaged CCI in individual grid cells during the study period. The mean
CCI changes in four seasons combined are positive, suggesting that climate resources
for camping have become more favorable on a global scale. However, changes in CCI
scores are not homogenous. Northern Europe, Russia, Canada, Alaska (United States),
inner Mongolia, northeast and western China, northern India, eastern Africa, and southern
South America are regions that experienced improved climatic conditions for all seasons.
In contrast, the climate conditions for camping in northern and western Africa, central
South America, and central Australia became less favorable. The most substantial changes
in CCI scores are in Africa, where significant changes are observed in four seasons in
either direction.
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Figure 3. Long-term trends in seasonal CCI scores over 1948-2016. Note. The unit is the CCI scores per 69 years. Regions
hatched indicate the changes are significant at 95% confidence level by 2-sided Mann-Kendall trend test.

3.3. Changing Weather Extremes

To evaluate changes in extreme weather events, we compared the mean annual
frequency of extreme weather (as defined for camping—see Supplemental Table S1) in
1948-1957 to 2007-2016. A two-sided t-test at 0.95 confidence level was used to determine
if there was a significant difference between the two decades. As noted in Ma et al. [54],
extreme weather for camping is considered when at least one of the meteorological variables
surpass a threshold that defines an extreme event that influences camping activity (i.e.,
when the daily maximum temperature exceeds 34 °C, daily minimum temperature drops
below 8 °C, daily precipitation is higher than 10 mm, or the daily wind speed is higher
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than 23 km/h). As shown in Figure 4, positive values suggest a higher frequency of
weather extremes impacting camping and negative values suggest a declining frequency
of weather extremes. The mean of the global annual weather extremes frequency change is
—0.629, indicating that the frequency of extreme weather influencing camping has slightly
decreased in the recent decade (2007-2016) compared to seven decades ago (1948-1957).
Most of the Southern hemisphere has experienced increased extreme weather over the
study period. On the contrary, the majority of land areas in the Northern hemisphere
have experienced less extreme weather that influences camping activity in 2007-2016
compared with 1948-1957, with the exception of the Arabian Peninsula, Mexico, southeast
US, Greenland, and Baffin Island in Canada. The most intensive increase in the number
of extreme weather days is observed in sub-Saharan Africa, while the largest decline is
manifested in Central Europe and the Rocky Mountain region in the US.
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Figure 4. Differences in the frequency of extreme weather events important to camping between 20072016 and 1948-1957.
Note. Regions hatched indicate the changes are significant at 95% confidence level by 2-tailed ¢-test.

4. Discussion

Climate resources are a type of natural resource that are often the most salient determi-
nant of outdoor tourism and recreation decisions (e.g., [8,68,69]). For destination managers
of outdoor tourism and recreation locations, it is imperative that they understand (1) the
favorability of climate resources that influence tourists’ behaviors and (2) the changes of
favorability due to climate change. There are significant differences in climate suitability
for camping and nature-based tourism around the world, which have important impli-
cations for the tourism and recreation industries. As the first known study to quantify
the distribution and redistribution of climate resources for camping and related nature-
based tourism more broadly, this paper has established that observed climate change has
already altered climate resources, creating both risks and opportunities. The results are
broadly consistent with regional tourism climatology studies using indices conducted
in North America [29,54,70], Europe [7,71], Australia [72,73], China [74,75], the Mediter-
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ranean [76,77], and South Africa [78]. Nature-based tourism activities are very sensitive
to the weather; thus, the changing climatic conditions may very well lead to changes
in tourism demand patterns as has already been observed by Monahan et al. [45] in US
national parks.

The CCI trends revealed in this study bode well for popular camping market segments
such as Europe and North America, as the climate conditions in those regions demonstrated
a positive increase in CCI from climate change. Conversely, north and sub-Saharan Africa
have experienced a pronounced decline in climate suitability associated with a higher
frequency of extreme weather, negatively impacting tourism assets and nature-based
tourism seasons. Post-hoc examination shows that the warming temperature over the past
seven decades is the main influence of shifts in CCI (Supplemental Figure S1), particularly
the northern hemisphere summer (June, July, and August) (Figure 3, JJA). The intensified
warming trend in Africa and the Rocky Mountain region in the US leads to less favorable
climate resources in the already hot arid region and more favorable climate resources in the
cool mountainous climate region. The southern hemisphere’s summer (December, January,
and February) demonstrates the smallest CCI increase for the season (Figure 3, DJF) lesser
warming trend [79].

The forces that are driving changes to the frequency of extreme weather events vary
on a regional scale, which is understandable given the CCI quantifies the impacts of four
extreme weather events (i.e., hot temperature, cold temperature, extreme precipitation, and
high wind). For example, regions experiencing more hot days usually experience fewer
cold nights. In terms of wind, the slowdown in near surface-wind speeds is observed
across the globe [80], which could lead to fewer wind extremes. The changes in extreme
precipitation are less homogenous than other climate variables, creating diverse impacts
on CCI [79]. Altogether, the frequency of extreme weather events important to camping
depends on the competing regional impacts of the four types of extremes.

We observed both positive and negative trends in frequency of extreme weather events
relevant to camping behavior depending on the region. For instance, the near-tropic and
extensive desert regions (e.g., sub-Saharan Africa) exhibit significant trends toward a higher
frequency of weather extremes, which is likely driven by more days with temperatures
surpassing the maximum temperature thresholds for camping. Fewer days with extreme
cold in mid- to higher-latitude regions (e.g., Central Europe and the Rocky Mountain
region in the US) likely contributed to lower frequencies of extreme weather events [79,81].
Overall, the spatial distribution of extreme weather is consistent with the observed increase
in warm days and decrease in colds days on the global scale [79,81]. Despite potential
inter-decadal variability, the decadal comparison of extreme weather frequency from 1948
to 1957 and 2007 to 2016 provides useful insights about the regional trajectories of long-term
magnitude changes of events. Taken together, our results provide tourism researchers and
practitioners with the most robust retrospective analysis of climate conditions—including
extreme weather—for camping and related nature-based tourism activities to date.

4.1. Limitations and Future Research

Though novel, this study is not without limitations. First, the CCI was validated
in the United States. Despite using camping data and National Park visitation from
regions of the US with four of the five Koppen climate types, which provides a layer of
geographic generalizability, it would be beneficial for researchers and/or practitioners with
high-resolution nature-based tourism data (e.g., daily camping occupancy or daily parks
visitor counts) to validate the CCI for other continents, countries, regions, and locations
throughout the world. This is particularly true for the Southern hemisphere and developing
markets where there have been fewer tourism studies using climate indices.

Another limitation is that even though the CCl is a more predictive index for camping
and parks visitation in some climate regions in the United States [6,54], there are instances
where other indices outperformed the CCI. It is important to acknowledge the application
of activity-tailored indices for specific location/region characteristics. For instance, the
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HClI-beach [82] and urban [83] were developed and validated specific to beach and urban
tourism and would be a more appropriate climate indicator for these activities. A com-
prehensive analysis of climate resources for tourism globally would utilize the range of
indices tailored to tourism market segments, including CCI and HCI-urban and beach.

Third, the study is retrospective in nature providing the first global documentation of
historical climatic conditions of importance to camping and related nature-based tourism
activities. Future research should consider expanding this analysis to also include future
global projections based on climate change scenarios. There are important questions
regarding how climate resources for tourism will evolve and whether some of the improved
CCI conditions observed will be reversed as changes in climate accelerate.

4.2. Conclusions

Camping is a global phenomenon, but previous studies have yet to quantify climate
resources for the sub-sector of nature-based tourism on the global scale. In fact, camping
remains generally understudied globally despite its salient economic impacts [11]. Accord-
ingly, this study took a novel approach as the first known to use a tourism index approach
to quantify climate resources for camping and natural park activities globally, while also
quantifying the trends in extreme weather conditions that influence camping tourism. The
study provides material contributions to the tourism climatology and nature-based tourism
literatures. A key contribution to tourism climatology is methodological. Specifically,
using the Camping Climate Index (CCI) [54], we globally quantified the weather/climate
favorability for camping and nature-based tourism from 1948 to 2016. This addressed a
knowledge gap where a revealed index for camping and nature-based tourism has not
previously been calculated on a global scale. Investigating the distribution of climate
resources throughout the world, results demonstrate an uneven distribution of climate
resources across the globe, which favors warmer temperatures. Camping and nature-based
tourism in areas of higher latitude and altitude appeared to be beneficiaries of changing
climate. These areas are experiencing more warm days as temperatures increase, and the
increasing temperature is the major driver of improved climate suitability. The frequency
of extreme weather for camping and nature-based tourism increased in the hot-arid climate
regions and decreased in the warm-cold climate regions.

A second key contribution is to the practice and management of nature-based tourism
and camping. This is because study findings serve to enhance our understanding of the
distribution and redistribution of climate resources—including frequency and intensity
of extreme weather—for camping and other forms of nature-based tourism globally. The
results provide a spectrum of decision-relevant climate information for outdoor recreation
and tourism destination managers throughout the world. Based on the analyses developed
in this study, several adaptation strategies for the tourism segment are available. For
instance, the regional gains to climate comfortability creates opportunities for tourism
organizations to expand business seasons and improve performance. Conversely, the
increased climate-related risks (e.g., increased intensity or frequency of weather extremes)
in other regions highlight the importance of taking preemptive adaptation strategies
(e.g., enhanced infrastructure, marketing promotions) to improve resilience to climate
change. Weather extremes also pose health and safety risks. For example, extreme heat and
resultant wildfire in the western United States in 2020 required rescuers to airlift stranded
campers so safety [50]. Craig et al. [24] reported temperature preceding the wildfire was
as much as 15 °C above the heat threshold for the CCI (i.e., 34 °C), and “despite the
dangerous wildfire conditions, many campers, destination managers, and authorities did
not heed warnings” (p. 360). The overarching finding—that climate resources and weather
extremes are changing over time dependent on region—provides research-based evidence
for destination measures to monitor and respond to changing climatic conditions as a
process of climate change.
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