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Abstract

In this case study, we examine a broad range of impacts on tourism and recreation based
on projected changes to Indiana’s climate. The direct impacts of climate change on Indi-
ana include increases in the number of hot and extremely hot days each summer, fewer
mild days, more rain, and less snow. Each direct impact will affect tourism and recreation.
Additionally, a range of indirect impacts are anticipated, including climate-related changes
in health issues, new infrastructure needs, changes in forests and other recreational areas,
and shifting consumer attitudes toward travel and recreation. Although direct impacts are
predictable, indirect impacts on the complex tourism system are harder to anticipate, and
the tourism and recreation industry must build resilience to respond to future change. The
paper concludes with recommendations for future study.
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1 Introduction

Even as the hospitality sector recovers from the significant impacts of the COVID-
19 pandemic, the spectre of climate change looms over the tourism industry. Climate
change has been described as the primary challenge facing the global tourism indus-
try (Davos Declaration: Climate Change and Tourism Responding to Global Challenges
2007). It will have wide-ranging impacts at all levels of the tourism system, from the
global level to the destination-community level, as well as operational changes in indi-
vidual businesses. Here, we examine the impacts of climate change on tourism, visi-
tors, and outdoor recreation in the American Midwest state of Indiana. We examine the
significance of the tourism and outdoor recreation sector in Indiana. We then examine
the climate changes projected for Indiana for three future periods (2020s, 2050s, 2080s)
and identify direct and indirect impacts of these changes on tourism in the state. The
analysis integrates learning from a wide range of studies focused on indirect impacts of
climate change, from impacts on forests and waterways to the anticipated policy impli-
cations of urban green infrastructure, energy, and water management. The case study
provides important insights into the implications for tourism of a wide range of direct
and indirect impacts. It highlights the gaps in our understanding of how climate impacts
tourism.

1.1 Tourism in Indiana

Tourism and recreation are terms that encompass a wide range of activities in the tour-
ism system, but each component’s responses to climate change will vary, even when fac-
ing similar challenges. As such, this review examines the broad impacts of climate change
on both tourism and recreation activities. Tourism and outdoor recreation are interrelated
activities. Tourism is the activity undertaken by visitors, or people taking a trip away from
their usual environment (UNWTO 2010). Of course, residents at a destination also use
products and services catering to visitors, including outdoor recreational facilities. While
discussions about tourism and visitors deal primarily with people traveling to a new loca-
tion, recreation has no spatial or temporal boundaries (Nicholls 2012), and residents enjoy
recreation within their community. The relationship between tourism and economic devel-
opment is recognized, and in 2020, Indiana established the Indiana Destination Develop-
ment Corporation (IDDC) to develop and market destination communities with a mandate
to “attract and retain business, talent, students and visitors” (I0OTD 2020b).

Tourism is a significant contributor to the Indiana economy. In 2019, almost 81 million
people visited the state (IOTD 2020a). According to a 2019 study conducted for the Indi-
ana Office of Tourism Development (IOTD), the tourism sector contributes $13.2 billion
to the state economy and directly employs more than185,000 people. Tourism accounted
for 5% of all Indiana jobs, making it the 12th largest sectoral employer (RockportAnalytics
2020). Indiana is heavily dependent on domestic travel, with 99% of all visitors originating
in the USA. Of all visitors to Indiana, 85% visit for leisure, with only 15% of visitors trave-
ling for business (Rockport Analytics 2020). Indiana is known as the “Crossroads of Amer-
ica,” and many visitors to Indiana travel by car from other parts of Indiana or neighboring
states. Indiana has traditionally performed well in attracting young and family travelers.
Baby boomers and Generation X traditionally have been important markets for the region
(Garulski 2007), although Millennials’ rise is changing visitor demographics.
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Indiana’s geography provides visitors with several distinct landscapes to experience.
The northern section of the state borders Lake Michigan. The Indiana Dunes, composed of
both national and state parks, is one of the state’s most popular destinations, attracting visi-
tors from Chicago and Detroit, as well as Indiana residents. Indianapolis, the state capital
and largest city, is a primary attraction for the state’s central region, and rolling hills and
forests characterize southern Indiana. The IOTD (Newman 2017) has categorized Indiana’s
tourism products and experiences as follows: culinary and agritourism, heritage and festi-
vals, arts and culture, and outdoor recreation and sport. Indiana promotes culinary tourism,
leveraging both a vibrant restaurant scene in the capital (Indianapolis) and throughout the
state, with a focus on fresh, local ingredients. Indiana’s wine trails provide visitors with
quality experiences, allowing guests to enjoy vineyards’ ambiance and sample local wines.
Closely linked to Indiana’s culinary scene is the state’s growing agritourism sector. Indiana
provides a range of agritourism experiences for visitors and tourists—from sophisticated
modern farm experiences such as Fair Oaks Farms to historic farm recreation. Visitors can
enjoy seasonal u-pick farm visits, corn mazes, and farmers’ markets.

Indiana’s Midwest heritage attracts numerous visitors from around the state and tourists
from around the world. Indiana is Abraham Lincoln’s childhood home and a terminus for
the underground railroad, the network of safe havens used by African Americans to escape
slavery in the Southern States. Other heritage attractions include the Indiana stained-glass
trail and covered-bridge trails. Indiana’s arts and cultural attractions are an important pillar
of tourism. Indianapolis boasts several high-quality museums, including the world-famous
Children’s Museum. In addition, Indiana is home to more than 640 festivals, spread out
over the state’s 92 counties (ISFA 2018).

Sports are important attractions in Indiana. The Indianapolis 500 automobile race has
international recognition, and the event attracts visitors from around the globe. Other spec-
tator sports—including basketball, football, and baseball—at both the professional and col-
lege levels attract visitors and tourists. Indianapolis has proven capable of attracting major
spectator events, including the Pan American Games and the Super Bowl. Additionally,
Indiana has aggressively sought traveling teams, including those of youth sports. Several
communities across the state have invested significantly in sports facilities for traveling
teams. For example, the Grand Park Sports Campus in Westfield, Indiana, is a 400-acre
facility with fields and an additional 300,000 square foot indoor turf space. The facility has
31 multipurpose fields suitable for soccer, football, rugby, field hockey, and lacrosse, as
well as 26 baseball diamonds (VHC).

Outdoor recreation is also an essential component of the state’s tourism profile. The
state park system includes some of the state’s most popular attractions. Hiking and camp-
ing are popular, particularly in the summer months. Trails for horseback riding and cycling
are increasingly popular, and local communities are investing in the development of facili-
ties to encourage these activities. Indiana’s lakes provide opportunities to participate in
water sports, including waterskiing, kayaking and canoeing, and fishing. Hunting and bird-
watching also attract visitors to destinations throughout the state.

1.2 Tourism and climate

Tourism is considered vulnerable to changes in climate, and from a global perspective,
climate change will have significant impacts on the tourism system. In the USA, climate
change is expected to have a range of regional impacts (USGCRP 2017), some of which
will have significant impacts on tourism. Of the 45 climate change plans currently complete
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in the USA, five explicitly address tourism, or both tourism and recreation (Widhalm and
Dukes 2020). Although there has been some examination of the impact of climate change
on tourism and outdoor recreation across the Great Lakes region (Nicholls 2012; NPCA
2013), this is the first examination of climate change impacts on tourism and recreation in
Indiana.

Climate change will impact tourism in various ways (Simpson et al. 2008). Perhaps the
most readily identifiable are direct climate impacts and subsequent indirect environmental
changes caused by climate change. Weather is a key asset of destinations, and changing
climate will benefit some destinations but negatively impact consumer demand for oth-
ers. Other categories of impact can be considered as well. Mitigation policy impacts, both
national and international, may also negatively impact travel and tourism. For example,
mitigation strategies such as carbon taxes, which increase travel costs, may reduce demand
for travel. Finally, indirect societal change impacts can be considered. This may range from
climate change—induced political instability reducing tourism demand (Reinhardt and Tof-
fel 2017; Simpson et al. 2008) to changes in social norms. Some experts speculate that
travel may become less socially acceptable as climate change impacts increase (Gossling
et al. 2020; Gossling et al. 2011).

Climate has an important influence on the tourism system. It is not surprising that trave-
lers strongly prefer destinations with favorable climates. In recent years, a growing body
of research has examined the importance of weather and climate on tourism preferences.
Researchers have looked at numerous factors to identify ideal weather conditions. Exam-
ining the single variable of temperature (Bigano et al. 2006; Lise and Tol 2002) is the
simplest approach, and it is no surprise that an average temperature of 21 °C (70 °F) as
the average temperature of the hottest month of the year is considered optimal (Lise and
Tol 2002). Mild weather—defined by moderate temperatures, low precipitation, and low
relative humidity—is considered desirable (van der Wiel et al. 2017). Composite indexes
that take into account various weather-related factors, such as the Tourism Climatic Index
(Mieczkowski 1985), have been applied to tourism and outdoor recreation activities (Ma
et al. 2020; Nicholls 2012; Scott et al. 2016b).

In considering if weather is favorable, an important factor is its deviation from expecta-
tions (Day et al. 2013). Unseasonably warm or cool temperatures can lead to dissatisfaction
with the destination. Although unusual weather may have little impact on tourism demand
in the short term (Day et al. 2013), changing perception over time may be significant. Nev-
ertheless, researchers confirm that weather impacts participation in a recreation activity,
such as golf (Nicholls et al. 2008).

1.2.1 Direct impacts of climate change on Indiana’s tourism and recreation system

This assessment of climate change impacts is based on ten statistically downscaled global
climate model (GCM) simulations produced for the Indiana Climate Change Impacts
Assessment (Hamlet et al. 2019). These simulations predict climate change under two
scenarios of greenhouse gas concentrations (a medium scenario, RCP4.5, and a high sce-
nario, RCP8.5) for three future periods, 2011-2040 referred to in the paper as the 2020s,
2041-2071 referred to in the paper as the 2050s, and 2071-2100 referred to in the paper as
the 2080s). These simulations have identified numerous changes that will be salient to the
Indiana tourism industry and recreation in the state.

Over the past century, Indiana has become warmer by slightly more than 1 °F, has expe-
rienced more frequent flooding, and has seen ice on Lake Michigan form later and melt
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earlier (EPA 2016). These trends are expected to accelerate throughout the twenty-first
century. Temperatures are projected to rise about 5 to 6 °F by mid-century, compared to
the state’s average temperatures from 1971 to 2000, with significantly more warming by
the century’s end (Hamlet et al. 2019). A rising average temperature increases the chance
of extreme heat and reduces the chance of extreme cold. These changes can be summarized
as Indiana becoming hotter, wetter, and more likely to experience extreme weather, includ-
ing storms, floods, and hot days. These shifts will impact participants’ comfort in many
outdoor activities and may change visitor behavior.

1.3 Changing seasons

In the coming century, temperatures are expected to warm in all seasons. The weather we
currently associate with spring and summer will start earlier and end later in the year. Win-
ters will also be warmer, according to projections. Of particular importance to tourism and
recreation, the number of hot (85-95 °F) or extremely hot days (over 95 °F) will increase
as illustrated in Fig. 1, and the number of mild days (65-85°F) will decrease, as will the
number of cold days. These trends are illustrated in Fig. 2.

These heat levels raise the likelihood of heat-related illnesses, such as heat exhaustion
and heat stroke, and they reduce the appeal of some outdoor activities. Children and older
adults are especially vulnerable (Filippelli et al. 2020). Some outdoor recreation activi-
ties—including sports tourism—may be impacted by these changes.
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Fig.1 Extremely hot days in Indiana. Annual number of days with extremely hot temperatures (daily high
temperature over 95 °F). Seven panels: historical (1915-2013) and 2020s, 2050s, and 2080s with RCP4.5
(medium emissions) and RCP8.5 (high emissions). Graphic originally appears in Hamlet et al. (2019)
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Number of mild, hot, and
extremely hot days in Indiana

I mild (> 65°F and < 85°F)
| Hot (> 85°F and < 95°F)
I Extreme (> 95°F)

Mild days decline, shoulder
seasons shifts — comfortable
days from May to Sept are replaced
with hot and extremely hot days.
Months with predominantly mild
weather will start earlier and end
later in the year.

Summer heat on the rise, lasting
longer — extremely hot days
dominate summer months by end
of century. Hot weather days in
spring and fall increase.

“Past” is an average for the period 1915
to 2013. “2020s” represents the average
30-year future period 2011 to 2040.
“2050s” represents the average 30-year
period 2041 to 2070. “2080s” represents
the 30-year period 2071 to 2100. Future
projections are based on average results
from 10 climate models based on a
high-emissions scenario

(Hamlet et al., in press).

Indiana Climate Change
Impacts Assessment
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Fig.2 Hoosiers (Indiana Residents) heating up. Projected number of mild, hot, and extremely hot days in
Indiana by month (stacked bars) and annually (pie chart) for the historical period (1915 to 2013) and three
future periods based on a high-emissions scenario. For the future projections, “2020s” represents the aver-
age from 2011 to 2041, “2050s” represents the average from 2041 to 2070, and “2080s” represents the aver-

age from 2071 to 2100

The 2018 Indianapolis (Indy) 500 provides an example of how high temperatures impact
events. The Indy 500, the world’s oldest automobile race, is described as “the greatest
spectacle in racing” (IMS 2019) and is estimated to contribute $400 million to the Indiana
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economy (500Festival 2019). High temperatures in Indianapolis during the last week of
May 2018, when the Indy 500 took place, on average, reached about 76 °F. However, long-
term observations show that over the past 60 years temperatures have increased and are
currently 3.5 °F warmer than in 1950. In 2018, high temperatures from May 25 to 31 meas-
ured 12 °F above average. The high temperature on race day was 91 °F, making it the sec-
ond hottest Indy 500 on record, just shy of the 92 °F record set in 1937. Hot temperatures
and high humidity have an impact on spectators, drivers, and cars at the Indy 500. Accord-
ing to local reports, more than 200 racegoers were treated on-site and/or at the hospital for
heat-related illnesses including dehydration, exhaustion, chest pains, and respiratory failure
(Tuohy et al. 2018). The weather also impacts the cars in numerous ways that have implica-
tions for event organizers. The high temperatures reduce the downforce on cars, making the
road feel more slippery. The temperatures also reduce engine efficiency (Sosnowski 2012).

Analysis also shows that humidity has been increasing over time, which could further
affect tourists’ comfort when participating in outdoor recreation. The Wet Bulb Index,
which takes into account both temperature and humidity, projects that by mid-century,
Indiana will experience wet bulbtemperatures of 80-86 °F for 10-30 days, up from only
1-10 days/year between 1981 and 2010. These conditions are similar to the hottest sum-
mer months in humid parts of Texas and Louisiana (Hsiang et al. 2014). Projections sug-
gest that Indiana will even experience wet bulb temperatures above 86 °F as the century
progresses (Hsiang et al. 2014). “Uncomfortable nights,” in which hot and humid days are
followed by hot and humid nights, will place vulnerable groups, including children and
young people, at risk (Filippelli et al. 2020) and increase energy consumption for cooling.
Heat and humidity will not only impact visitors’ ability to enjoy outdoor activities, but also
create challenges for tourism and hospitality workers. As noted in the INCCIA Agriculture
Report:

Historically, Indiana’s labor capacity—the percentage of hours available for outdoor
work in a 24-hour period—has been about 99 percent on average, meaning extreme
heat rarely affects our work force. By mid-century, as global temperatures increase
by 3 to 4.5°F, Indiana’s labor capacity is projected to decline to about 95 percent
for both the high- and medium-emissions scenarios. Labor capacity will continue to
decline by late century as global temperatures rise, with a projected average labor
capacity of 89 to 95 percent based on high- and medium-emissions scenarios, respec-
tively. (Bowling et al. 2018)

As temperatures rise, Indiana will experience less mild weather, the ideal temperature
range for tourism and recreation (van der Wiel et al. 2017). Mild weather is defined as
temperatures between 65 and 86 °F (18 and 30 °C). As noted in Fig. 2, the remaining mild
days will be earlier and later in the year, with hotter periods in the middle of summer. Visi-
tor patterns are expected to change as consumers change behavior based on the best tem-
peratures to undertake outdoor activities, and participation in recreation activities is antici-
pated to change. This may provide opportunity for some tourism and recreation products,
as these changes may increase business beyond the traditional peak seasons. Alternatively,
consumers unable to change travel schedules, such as families restricted in their travel with
summer vacation periods, may seek alternative destinations to spend their leisure time.

Indiana is a large state with various geographic zones. Although it is possible to identify
climate changes that will have impacts across Indiana, it is also necessary to identify future
impacts specific to regions. For example, in northern Indiana, near Lake Michigan, many
of the changes identified are less pronounced than in southern Indiana. Nevertheless, other
impacts will affect the northern part of the state and may impact tourism. For example,
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surface water temperatures on the Great Lakes are expected to increase by 35-54 °F
(2-12 °C) (Kling et al. 2003), and stratification of temperatures in the lake will also change
(Hook et al. 2019); these changes will impact fishing populations and fishing tourism (Chin
et al. 2019b). Changes in wave action caused by climate change are also expected to impact
beaches in the region, and lake water levels are expected to lower, affecting lakeside infra-
structure. Southern Indiana is expected to experience higher temperature increases and
more significant changes in precipitation (Hamlet et al. 2019).

1.4 Changing precipitation

Indiana’s average annual precipitation has increased 5.6 inches, or approximately 15%,
since 1895, and more rain is falling in heavy downpours. Indiana is projected to see a 6-8%
increase in annual precipitation from the average of the 1971-2000 period, by mid-century,
but these changes will not be spread evenly throughout the year. Winters and springs will
likely be wetter by mid-century (Hamlet et al. 2019), while expected changes in summer
and fall precipitation will be less dramatic. Indeed, as the century progresses and summers
become warmer, projections suggest precipitation will decrease in summers by up to 8%
by the 2080s according to some projections (Hamlet et al. 2019). Increased precipitation,
especially in the form of heavy rain events, will increase flooding risks. These changes will
have a range of impacts for tourism and recreation. Tourism businesses should prepare for
extreme weather-related events such as flooding and drought (Hamlet et al. 2019) by build-
ing financial reserves and seeking out government assistance programs that support small
businesses to increase their resilience.

Indiana is expected to see more rain and less snow during winters in the coming years.
The coldest day of the year is expected to warm by about 6 °F, and snow days are expected
to decrease by up to 5 days in Northern Indiana (Widhalm et al. 2018). As the century pro-
gresses, snowy Christmases will become rarer. Indeed, Southern Indiana may experience
no natural snow around the holidays (December 22—January 2) by the end of the century
(Chin 2015; Chin et al. 2018).

The impacts of warmer temperatures and reduced snowfall will significantly impact rec-
reational activities. Activities such as ice fishing, cross-country skiing, snowmobiling, and
other activities will be affected. Indiana has two commercial ski fields, and based on evi-
dence from other ski locations, the changing climate will likely lead to a greater reliance
on artificial snow, shorter seasons, and other operational impacts (Rutty et al. 2017; Steiger
et al. 2019). Even so, the number of days with temperatures suitable for artificial snowmak-
ing (defined as days where the maximum temperature is less than 28 °F) is expected to
decline from 18 days historically to 9 or 10 days by mid-century and as few as 5 days by
late century (Chin et al., 2018), further raising the vulnerability of these operations.

1.5 More extreme weather events

Historical analysis shows that extreme weather events have been increasing over time
and are expected to continue in the coming years (Widhalm et al. 2018). Based on over-
all increases in temperature, extreme weather events are expected to continue increas-
ing in intensity and frequency in the future (Kossin et al. 2017; Widhalm et al. 2018).
These extreme events will include heavy precipitation events and flooding, heat waves,
droughts and extreme temperatures, and an increased likelihood of storms. Each of these
extreme events has the potential to impact recreation, from delaying sporting events to the
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catastrophic damage caused by the storm-induced stage collapse during a concert at the
Indianapolis Fairground in 2011 (Tuohy 2012). Although many impacts of climate change
take place gradually over long periods of time and can be managed with minor adaptations,
shorter-term shocks will most likely impact business continuity. Evidence shows that acute
weather-related issues, such as flooding, disproportionately negatively impact tourism- and
hospitality-related businesses. These businesses are often in more vulnerable locations and
reliant on visitor demand that decreases following such exogenous events (Sydnor-Bousso
et al. 2011). Companies must develop plans and strategies to address these risks and build
resilience.

2 Indirect impacts of climate change

Climate change will have consequences across the state and impact not only ecological sys-
tems, but also socio-cultural systems. Tourism and recreation are embedded in the fabric of
life in Indiana, and both will be impacted indirectly as natural and human systems adapt to
climate change.

As a result, other impacts identified in the Indiana Climate Change Impact Assessment
(INCCIA) will affect tourism. Although each element of the INCCIA report is distinct, it
is critical to recognize how the various impacts are interrelated. Each impact has potential
indirect impacts on tourism and outdoor recreation. Although the topics addressed in the
INCCIA are not comprehensive, they cover a range of issues and provide useful insights
into the indirect impacts. The range of impacts is presented in Fig. 3.
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2.1 Natural systems

Tourism and recreation are heavily dependent on natural systems, and the impacts of
climate change on these systems, from forests to waterways, will impact tourism and
recreation. Forests are an important setting for recreation and an important asset for
tourism to the state. Indiana’s forests are primarily in the southern hills region of the
state. Tourists and outdoor recreation enthusiasts enjoy forest ecosystems for hiking,
birdwatching, hunting, and other activities. Climate change is expected to impact the
composition of Indiana’s forests; as a result, changes in wildlife will occur (Phillips
et al. 2019). Bird watching is a popular activity in Indiana, and ranges of birds within
the state are expected to change as migration patterns for birds popular with birdwatch-
ers change (Phillips et al. 2019). For example, the changing migratory behaviors of the
sandhill cranes, many of which stop at the Jasper-Pulaski Fish and Wildlife Area, have
been observed (Lacy et al. 2015). Some of these changes may lead to “last chance”
tourism as migratory routes change due to climate change. Changes in ecosystems may
also affect state hunting destinations as ranges of fauna change. Lakes and rivers are
important tourism and recreation assets for Indiana. Lakes and aquatic ecosystems are
impacted by temperature and precipitation, and numerous other factors, including ther-
mal conditions, ice cover, water clarity, and oxygen content. These factors have signifi-
cant direct and indirect impacts on aquatic organisms. In the summer, lakes will be vul-
nerable to drought as summer temperatures increase and precipitation changes. In the
winter, increases in temperatures will reduce ice coverage and limit ice fishing (Hook
et al. 2019). Climate change will affect the range and availability of some popular types
of native fish. Climate change may also favor invasive species (Hodk et al. 2019).

Agritourism has become an essential component of Indiana’s tourism portfolio. Agri-
tourism in the state takes numerous forms, many of which will be impacted by climate
change. Agriculture most associated with agritourism in the state includes fruit produc-
ers and vineyards. These crops—including apples, peaches, and grape varieties—will
be impacted by changing chilling patterns and increasing temperatures. Current varie-
ties may experience reducing yields, and some varieties may be replaced (Bowling et al.
2020).

Two tree crops that attract visitors—maple and Christmas trees—are expected to
be impacted by the changing climate. On average, Indiana produces 10,000 gallons of
maple syrup per year, which is influenced by weather (Phillips et al. 2018). Climate
change is expected to impact syrup production, reducing the length of time that syrup
is produced, thus impacting the appeal of agritourism attractions featuring syrup pro-
duction. The maple syrup season is a time when several destinations in the state hold
festivals and events to attract visitors. Similarly, Christmas trees attract many visitors to
Indiana with “choose and cut” farms that provide a traditional family experience each
year. The production of these trees may also be impacted by warmer summers (Phillips
et al. 2018), which will subsequently impact these agritourism experiences.

Wineries have become an important part of Indiana’s agritourism offerings and an
appealing attraction for many visitors. As the climate changes, grape growth is expected to
change (Mozell and Thach 2014). Climate change is already impacting the types of grapes
grown in Indiana, with some southern Indiana vineyards experimenting with Vitis vinifera
varieties, rather than the hardier hybrids traditionally grown in the state (van Hoose 2016).

Fall foliage is an important attraction for southern Indiana, drawing visi-
tors and tourists in large numbers. Preliminary analysis suggests that changes in
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weather—particularly rainfall, temperature, and sunlight—and ecosystems will impact
the fall foliage experience (Xie 2016). Not only will it be more challenging to predict
fall foliage dates due to the interplay of climate and ecosystem change, but extreme
events such as storms will be more common, leading to higher chances that the season
will end prematurely (Climate Central 2016; Thompson 2016). Research on the impact
of climate change and resulting forest composition impacts on fall foliage has not been
undertaken to date, yet the implications for tourism will likely be significant.

2.2 Social systems and infrastructure

In addition to natural systems, climate change will impact social systems and infrastruc-
ture. Water management, energy production, health, and health services will all be affected
by either direct or indirect climate change impacts. Management of water resources will
become increasingly important as water systems evolve in the face of a changing climate.
Indiana will need to prepare to store water in hotter, high-demand periods, which typi-
cally coincide with higher water demands from tourists and visitors. Indiana communities
will also need to prepare for the increased likelihood of flooding. Additionally, communi-
ties will deal with increased sewer discharges from overflows in wastewater management
systems (Cherkauer et al. 2021). Climate change is expected to have a modest impact on
energy demand in Indiana. Although Indiana’s energy demand for cooling during the sum-
mer months is expected to increase, winter heating will decrease (Raymond et al. 2019).
Indeed, Indiana’s northernmost cities are expected to show significant increases in energy
demand-—particularly cooling (Singh and Wachs 2020). Raymond et al. (2019) note that
commercial energy users will see a 5-5.5% increase in energy demand for cooling based
on projections through the 2080s. Tourism and recreation businesses must anticipate
increased energy demand for cooling during the warmer summer months.

Filippelli et al. (2020) highlight numerous health-related issues associated with the
changing climate. These health-related issues include increasing heat-related injuries and
deaths, respiratory problems associated with increased ozone and allergens in the air, and
changing disease profiles as the range of ticks increases and mosquito-related diseases
evolve and increase. These changes will impact tourism and recreation behaviors, from the
level of activity during certain times of year to the appeal of specific activities and loca-
tions. They will also impact the tourism and recreation workforces. We know high temper-
atures have the capacity to exacerbate some existing health conditions, and recent research
suggests that marginalized groups might exhibit increased vulnerability to higher-than-
normal temperature days (Basu 2009; Yardley et al. 2011). Some of the work from this
stream of research identifies the effects of redlining, where investments in Black neighbor-
hoods were withheld and classified as risky, draining wealth from the areas. Today, these
neighborhoods risk greater negative impacts, including higher mortality rates, from climate
change (Hoffman et al. 2020). Increases in green urban infrastructure in Indiana could help
mitigate these impacts (Filippelli et al. 2020).

3 Discussion and implications
The impacts of climate change—both direct and indirect—will affect tourism in many

ways. Although some changes are predictable, others are harder to anticipate due to the
tourism system’s complexity. Tourism is a complex adaptive system (Day 2016; Farrell
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and Twining-Ward 2005; Morrison et al. 2018) that responds to outside influences such as
changing markets, new technology, and even climate change. The variety of organizations
interacting with each other and individual consumers creates complexity in the tourism sys-
tem, and climate change’s impacts on the system will affect these actors in different ways.
Indeed, each actor will respond to the impacts as they see appropriate. These responses
may then impact other members of the system, requiring even more change. Generally
speaking, responses to climate change are categorized as either adaptation or mitigation.
Adaptation can be described as “actions that make an organization more resilient in the
face of ongoing and forecast changes in the earth’s systems” (Reinhardt and Toffel 2017).
Climate change mitigation entails the ways in which actors in the system work to reduce
their greenhouse gases (GHGs) and contribute to eliminating, or at least slowing, climate
change. The tourism system is undertaking both adaptation and mitigation activities.

3.1 Adaptation

The adaptive responses of entities within the tourism system vary widely and can be con-
sidered using different levels of analysis. The macro-level analysis considers destination
communities, meso-level analysis addresses individual businesses, and micro-level analysis
examines individual behaviors, including organizational behavior and individual traveler
behavior.

Macro-level policy responses to climate change are lacking at the national and state
levels. The USA has rejoined the Paris Climate Agreement and committed to climate
action. Although there is optimism about this move, in 2021, the USA still does not have
a national climate strategy. Similarly, Indiana does not have a state-level climate change
plan. Nevertheless, climate change will require various community-level responses, and
Indiana’s institutions, including city and county governments, will need to respond. Tour-
ism is dependent on infrastructure, such as roads and highways, energy, and water. Some
community-level planning for climate change has begun in Indiana. Two of the first plans,
for Indiana Dunes (Moore-Powell et al. 2018) and Bloomington (Redmond et al. 2020), do
not include a specific focus on recreation or tourism. Some towns are already responding to
climate change issues. For example, the city of Elkhart, Indiana, has developed a riverside
trail system as an adaptation to anticipated increases in flooding (YCC-Team 2020). The
River Greenway is promoted to bikers, walkers, and birdwatchers (Elkhart Well Crafted
County, Indiana: Biking and Walking 2020). Reynolds et al. (2019) advocate for the devel-
opment of green infrastructure as a means of increasing community resilience to climate
change in Indiana. Similarly, Origin Park, a 600-acre park planned for the banks of the
Ohio River, will be both resilient to climate change and attract visitors from Indiana and
nearby Louisville (Byrne 2020). Although tourism is not the primary driver of demand
for these and other community-based services, it should be considered in the planning and
development processes for these services.

How companies respond to climate change depends on various factors, including their
understanding of the potential impacts. Preliminary studies with tourism operators in north-
ern Indiana indicated that operators pay close attention to weather and are aware of climate
changes (Chin et al. 2019b). Nevertheless, for these managers, responding to weather is
a daily responsibility, and adaptation tends to be operational. Typical responses include
adjusting part-time/seasonal workers’ schedules or adjusting facilities to accommodate
weather changes such as rain or heat. Impacts of changing weather, including increased
heat, will impact workers and visitors, and businesses will need to adjust accordingly. In
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general, these managers see climate change as “slow moving and low risk” (Chin 2015).
There has been little concern for committing to major capital outlays in response to climate
change, and Indiana is not alone in showing reluctance to invest in climate change adapta-
tion. For instance, a study of Australian tourism operators found that although many were
concerned about climate change, few had clear plans for adapting (Turton et al. 2010).
Nevertheless, engaging businesses in climate change responses is essential (Chin et al.
2019b; Nicholls and Holecek 2008). Most companies will face changes in business costs.
As noted in the report on Indiana’s energy demand (Raymond et al. 2019), most businesses
in the state can expect some change in energy consumption and costs, with increasing cool-
ing needs in summer and decreasing heating needs in winter. Preliminary evidence sug-
gests that small tourism business operators, including Indiana operators, lack information
on financing options and access to funds for adaptation costs (Chin et al. 2018). While
operational changes are the first consideration in responding to climate change, other
responses are possible. For instance, Tang and Jang (2012) suggest that financial hedging
using weather derivatives may significantly reduce cash flow volatility.

Evidence shows that businesses are already adapting to the indirect impacts of cli-
mate change. For instance, fishing businesses operating on Lake Michigan have adjusted
the types of fish they seek based on changes in the water (Chin 2015). Marinas along the
shores of Lake Michigan are also adapting to climate change. A study of marina and harbor
operators in neighboring Michigan noted that marinas will be impacted by shorter winters,
warmer temperatures, more intense storms, and fluctuating lake levels. The report iden-
tified the need for infrastructure upgrades to facilities, such as installing floating docks,
improving stormwater management, and implementing shoreline protections, in prepara-
tion for climate changes (Samples et al. 2015). Marinas and harbor operations clearly ben-
efit from both specific climate change planning and broader tourism- and community-based
strategies.

It is important to recognize that tourism and recreation operators are heterogeneous.
Actors in the system differ in their ability to adapt within a given period (Simpson et al.
2008), and they tend to plan and operate within different time frames. Consumers can
respond relatively quickly to climate change, changing their travel choices from trip to trip.
Many tourism businesses operate on relatively short time horizons, making operational
changes in response to weather. Tourism developers and government entities responsible
for infrastructure, such as roads, have a longer-term perspective.

Of all the actors in the tourism system, consumers are most able to adapt to climate
change (Gossling et al. 2011), as they can easily change travel plans on short notice. Con-
sumers have various options when faced with poor weather and a changing climate. Defer-
ring travel and changing destinations are possibilities, but how climate change will impact
markets and travel patterns is uncertain and difficult to predict. Climate change will impact
specific activities; for instance, if climate change reduces the likelihood of seeing a par-
ticular bird species, as is predicted for Indiana (Ho0k et al. 2019; Phillips et al. 2019), that
demand will likely reduce, both for general tourists and avid birdwatchers. Similar obser-
vations have been made with other species around the country (Lambert et al. 2010). The
difference in timing of mild weather during the year—earlier in spring and later in fall—
may cause the seasonality of many outdoor activities to change. From shopping and antiqu-
ing to more vigorous activities, avoiding the high temperatures of summer may increase
business in new times of the year.

Two recent studies of US travelers show growing awareness of climate change issues.
MMGY global’s “Portrait of the America Traveler” shows 48% of travelers agree that
climate change will have a significant influence on what destinations they choose to visit
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in the next 5 years (MMGYGlobal 2019). Destination analysts’ “State of the American
Traveler” (2019) shows that 50% of American leisure travelers expect climate change will
impact their travels at some point in the next 5 years. Destination analysts’ reports that
28.5% of travelers expect climate change will affect the timing of trips, 20.9% will change
the destinations they choose, and 15.2% will adjust how they travel. As may be expected,
evidence exists that consumers can be segmented, with different markets more concerned
than others (McKercher et al. 2010).

Climate change has different implications depending on the spatio-temporal frame
through which it is examined. Weather impacts daily operations, and several researchers
have examined the impacts on specific weather conditions. Nicholls et al. (2008) noted that
weather had a significant impact on demand for golfing facilities and noted these impacts
might provide insights into the impacts of long-term demand. Preliminary evidence sug-
gests that perceptions of the climate at a destination may be more important to travel deci-
sions than specific weather events. In the short term, bad weather does not necessarily
affect the likelihood to travel (Day et al. 2013; Rutty et al. 2017). However, over time,
disappointment in weather conditions may have lasting impacts on destination reputation.
Poor weather reduces visitors’ satisfaction with the destination experience (Coghlan and
Prideaux 2009) and their intention to return. Indiana’s tourism and recreation organiza-
tions will need to monitor these changes in consumer satisfaction and behavior to adapt to
changes in demand effectively.

3.2 Mitigation

The tourism industry, much like other industries, has played a role in the emission of
greenhouse gases (GHG). It is estimated that tourism contributes 5% of total manmade
emissions worldwide (Scott et al. 2016a). Of tourism-related CO, emissions, air travel
contributes more than half (52%), with hotels and other tourism-related buildings con-
tributing 27% and automobiles 19% (Hall 2015). Various sectors of the tourism system
are currently undertaking mitigation activities. Examples of mitigation strategies can be
found in aviation, hotels and lodging, and restaurants and food service. For example, the
aviation industry has prioritized reducing emissions (Airlines for America 2018). Hotels
and restaurants—particularly major brands—have instituted programs focused on energy
and water efficiency that will reduce GHG production. These national programs extend to
these organizations’ Indiana operations. National industry associations, such as Destina-
tion International, the American Hotel and Lodging Association, and the National Restau-
rant Association, have adopted programs to promote environmental sustainability, although
Indiana’s local tourism and hospitality industry associations have been slower to address
these issues.

Travelers have an important role in reducing climate change. Individual behavior has
the potential to reduce GHG emissions. While awareness of climate change as an issue
for US travelers is increasing (Destination Analysts 2019; MMGY Global 2019), evidence
of behavior change has been limited. This may change if the USA follows other markets
where “flight shaming” (Baron 2019; Thornhill 2019) discourages air travel, and other
social trends are beginning to influence travel demand. Nevertheless, changes in transpor-
tation, such as the adoption of hybrid and electric vehicles by traveling consumers, will
impact the visitor economy and system changes, including the provision of new electric
vehicle—charging infrastructure that will be required (Gorner et al. 2019). Indiana has rec-
ognized these needs and received funding from the Volkswagen Environmental Mitigation
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Trust for a “Crossroads of America Electric Vehicle Corridor” with the goal of ensuring
strategic positioning of electric charging stations on major Indiana highways (IEA 2020).

4 Key knowledge gaps

Although knowledge of how climate change will impact Indiana is increasing, this case
study identifies significant gaps in our understanding of the impacts on tourism and recrea-
tion. While climate science is increasingly precise, research is needed on the indirect socio-
economic and socio-environmental effects of projected changes and their implications for
tourism. Understanding the impacts of climate change on tourism and recreation requires
a multidisciplinary approach that incorporates fields as diverse as political science, sociol-
ogy, economics, behavioral science, and climate science. Given the human dimensions of
these issues, both qualitative and quantitative analyses will be required to address the gaps
in our understanding.

4.1 Levels of analysis

The study of climate change impacts requires an understanding of climate and social and
behavioral responses. Climate change has societal impacts, and research must be under-
taken at each level of analysis. These analysis levels include the destination community
(macro-level), business and enterprise (meso level), and individual behavior (micro-level).
Further, more research is needed to understand the interrelationships between these levels
within the tourism system. The impacts of climate change, particularly indirect impacts,
are often nonlinear, and understanding the relationships between various system elements
is critical.

At the macro-level, policy decisions affecting infrastructure, decisions about the energy
mix within the state, and even the impact of climate change on other industries, such as
agriculture, will affect tourism and recreation. Research is needed on the relationship
between climate-related policy at national, state, and local levels and tourism. Like the
Indiana Dunes (Moore-Powell et al. 2018), some Indiana communities have begun climate
change adaptation planning, but few explicitly incorporate tourism plans in their studies.
Little research has been undertaken on the effective development of policy and destination
planning for climate change to incorporate the needs of recreation and tourism.

Enterprise-level studies on the impacts of climate change for Indiana remain extremely
limited, and additional research is needed to understand how tourism businesses will be
affected. We must learn more about how enterprises respond to risk and how building resil-
ience can be encouraged. Evidence suggests that Indiana tourism businesses are already
dealing with climate change, but there is a paucity of information on preparing for future
change (Chin et al. 2019b). Specific research areas may include studies to understand the
barriers to and drivers of climate change adaptation and mitigation activities. Indeed,
understanding practical issues facing tourism and recreational businesses, such as avail-
ability and utilization of appropriate insurance and government incentives as well as avail-
ability of energy-efficient technologies, is required. Further understanding of the transfer of
technology, techniques, and knowledge within the tourism industry is necessary to support
ongoing change efforts. Further research is also critical to understanding the impacts of
organizational behavior and climate change. For example, understanding the information
needs of key stakeholders to respond to change remains limited and requires additional
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research. While some researchers, including Ayscue et al. (2015) and (Day et al. 2013),
examined weather-related information needs, the general consensus is that knowledge
management is lacking (Loehr and Becken 2021). Chin et al. (2019a) note that Indiana
managers of tourism organizations have limited knowledge of climate change impacts. Fur-
ther, as knowledge does not necessarily lead to action, a greater understanding of adap-
tive and resilience-oriented action motivators is also required. Responses to climate change
from managers and leaders within organizations remain poorly understood and require
additional research.

4.2 Heterogeneity of tourism and recreation

Tourism and recreation represent a broad range of heterogeneous activities and organiza-
tions. Understanding the impacts of climate change on each sector within the tourism sys-
tem is critical. Similarly, even within Indiana, each destination community faces unique
challenges. Understanding the specific vulnerabilities of communities and businesses
requires further analysis. Further, significant gaps exist in our understanding of the indirect
impacts of climate change and its impacts on tourism and recreation entities.

4.3 Significance of impacts

We also lack knowledge of the significance of anticipated changes to tourism and recre-
ation activity. In terms of direct impacts, research is required to determine the limits of
acceptable change for consumers as the climate within Indiana changes and to understand
what thresholds will lead to changes in behavior. This research requires a complex tapestry
of studies, as it is reasonable to expect each activity—from football practice to hiking in a
state park—will have its own profile. Further, the changes in climate beyond the state bor-
ders will influence behavior in Indiana.

We have identified several indirect impacts of climate change that may impact tourism
and recreation, but we have little understanding of the significance of these changes. For
example, while a possible reduction in sandhill cranes may impact birdwatching at the Jas-
per Pulaski Fish and Wildlife Area, it is unclear whether changes in birdlife composition
in a forest will impact visitation to the recreation area in which the forest is located. Early
evidence from tourism-oriented fishing operations suggests that one type of fish may be
substituted for another without reducing the overall demand for fishing services (Chin et al.
2019b). So while it is reasonable to note that there will be impacts, the level and signifi-
cance of the impact may vary by activity. Further research on the elasticity of these rela-
tionships is needed.

4.4 Impacts through time and space

Recognition of the temporal dimensions of climate change impacts has been limited.
Several researchers have examined the relationship between weather and tourism or rec-
reation activities as a proxy for climate change (Day et al. 2013; Nicholls et al. 2008).
Although these analyses may provide some insight, they fail to recognize many factors
that will impact long-term behaviors. Similarly, most climate change research currently
focuses on how specific locations will be impacted without considering changes that
will occur in other locations. Changing demand factors will be influenced by changes in
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climate in the focal destination and changes in other destinations. For example, despite
rising temperatures in Indiana, the state may become more appealing to visitors as
Southern states become even more hot and humid. Indiana’s tourism will be influenced
by its own responses to climate change and other destination responses across the coun-
try. Although climate indices, including the tourism climatic index (Amelung et al. 2007;
Mieczkowski 1985), campaign climate index (Ma et al. 2020), or the holiday climate
index (Scott et al. 2016b) may provide insights into the direct impact of weather on visi-
tors flows, they are less useful for anticipating the indirect impacts of climate change on
the tourism system.

5 Conclusion and implications

This case study applies a socio-environmental systems lens to the climate change impacts
on tourism and recreation in Indiana. The study also provides important insights into the
challenges facing destinations while highlighting the gaps in our understanding of the
impacts of climate change on tourism. The case highlights that, despite increasing certainty
about specific changes in climate, the complex nature of system responses demands more
research. The study has expanded the discussion of climate change impacts to consider
societal analysis levels, the significance of anticipated changes, and the importance of tem-
poral and spatial frames in considering impacts.

Climate change in Indiana will have direct and indirect impacts on tourism and rec-
reation, and many actors throughout the tourism system will need to respond. Organiza-
tions not traditionally considered tourism organizations, such as energy utilities and other
government entities, play important roles in the tourism system. Systems, like the tourism
system, are characterized by nonlinear responses, and changes in one part of the system
may have unanticipated impacts on other parts of the system. Travelers and visitors can
easily alter behavior in ways that will significantly affect conventional business patterns.
Businesses will face new costs and increased risks, and they must be prepared to respond.
Communities must consider tourists’ and visitors’ needs in planning for infrastructure and
services. Paradoxically, despite the existential challenge of climate change, predictable
changes will take place slowly over the long term for many tourism and recreation provid-
ers and require relatively minor adaptation.

As a result, tourism stakeholders in Indiana must seek to understand the changes taking
place, respond as appropriate, and learn from the challenges. The awareness of change,
both predicted and unexpected, allows for response and ensures resilience in a state
impacted by climate change.
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