
            

LETTER • OPEN ACCESS

Downhill skiing & climate change adaptation in
Wisconsin: perspectives from key stakeholders
To cite this article: Austin Holland et al 2024 Environ. Res. Commun. 6 081006

 

View the article online for updates and enhancements.

You may also like
Mechanics of alpine skiing: carve turn with
angulation
S D Legotin, K B Obnosov and A A Rivlin

-

Experimental Study of the Mechanism of
Skiing Turns. I. An Uphill Turn from
Straight Running Downhill
Toshio Sahashi and Shoji Ichino

-

Climate change impacts and adaptation
strategies for crops in West Africa: a
systematic review
Tony W Carr, Siyabusa Mkuhlani, Alcade
C Segnon et al.

-

This content was downloaded from IP address 131.93.192.4 on 10/09/2024 at 21:37



Environ. Res. Commun. 6 (2024) 081006 https://doi.org/10.1088/2515-7620/ad6ee6

LETTER

Downhill skiing & climate change adaptation inWisconsin:
perspectives from key stakeholders

AustinHolland1,2,3 , Natalie Chin4 andHannahHiggins1

1 College ofNatural Resources, University ofWisconsin Stevens Point,Wisconsin, United States of America
2 Center for LandUse Education, University ofWisconsin Stevens Point,Wisconsin, United States of America
3 Division of ExtensionNatural Resources Institute, University ofWisconsin-Madison,Wisconsin, United States of America
4 Wisconsin SeaGrant, Aquatic Sciences Center, University ofWisconsin-Madison,Wisconsin, United States of America

E-mail: auhollan@uwsp.edu

Keywords: climate change, adaptations, perspectives, downhill skiing

Abstract
Climate change is currently impacting various facets of our local systemswithmany stakeholders and
industries working to adapt to these changing conditions. There is a growing recognition that
adaptation practices need to be directedwithin specific industries, communities, and stakeholders. A
key area that is being impacted is the snow sports industry which is facing various challenges due to
localized climatic changes. Previouswork has indicated that climate changemay leave these snow-
dependent industries in theU.S.Midwest unviable in the future, so it is imperative to understand how
these stakeholders are adapting to climate change and how they view the future of their industry. To
do this, we conducted in-depth interviews with owners and operators inWisconsin to understand 1)
the climate change impacts they are facing, 2) their adaptation strategies, and 3) their views of the
future ofWisconsin downhill skiing. Our results outline various environmental and social changes
that participants associate with climate change and document their current adaptation strategies.
Operators are optimistic about the future, but there is a recognition that adaptation practices and
planningwill likely intensify. This letter concludes with an outline for future research and support for
adaptation practices that blend qualitativemethodswith physical and technological research that can
aid this industry’s adaptation strategies.

Introduction

Climate change has induced local warming that is being experienced over people’s lifetimes (King et al 2023),
and there is a need for adaptation strategies to limit these impacts (IPCC2022). However, themost recent IPCC
report states that there are various constraints to climate change adaptation practices that need to be continually
examined (IPCC2022). Understanding adaptation practices from the environmental and social perspectives is
needed to inform research that develops recommendations for local communities and industries, but current
research tends to focus on the environmental or physical aspects of adaptation (IPCC2022, Sietsma et al 2021).
Sietsma et al (2021)note that there needs to be amore integrated approach to climate adaptation for
stakeholders. In this letter, we share our approach to integrating previous literature on the physical need to adapt
to climate changewith in-depth perspectives from those attempting to do so in theU.S.Midwest.We draw from
the body of evidence that supports the recommendation that adapting to climate change is a necessity for the
winter sports industry and thefindings of interviews conductedwith eight operators of ski hills inWisconsin to
understand 1) how/if they are being impacted by climate change, 2) the adaptationmeasures they are taking, and
3) their perspectives on the future of their industry. Our results highlight that operators are experiencing a
variety of challenges associatedwith the physical and social dynamics of climate change and that they are
currently working to adapt. Regardless, they are optimistic about the future of skiing inWisconsin due to recent
events and existing social networks. The remaining sections highlight the relevant background literature on
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climate change and downhill skiing, provide amethods overview, and discuss our results’ connection to
previous literature. The conclusion reiterates the importance of these findings, shares some potential options for
industry support, and outlines avenues for future research.

Background

Climate change is affecting theU.S.Midwest in diverse ways (Wilson et al 2023), with critical changes in
temperatures and precipitation already impactingwinter tourism and recreation in the region (Chin et al 2018,
Wilson et al 2023,Wobus et al 2017). Previous research on theU.S.Midwest has shown that therewill be a
shortening of the season forwinter sports (Wobus et al 2017) due to a reduction in snowfall and fewer ideal days
for snowmaking (Chin et al 2018). In terms of impacts onWisconsin specifically, theWisconsin Initiative on
Climate Change Impacts (WICCI) report documents the varied impacts that climate change has on tourism
industries and outdoor recreation in the state (WICCI 2022). Themain findings of the report state that climate
change is expected tomakeWisconsinwarmer andwetter with less consistent seasonality, whichwill interfere
withwhen and how recreation occurs in the state. However, these impactsmay disproportionately impact
winter recreational activities and enhance the need for adaptation practices (WICCI 2022). To better understand
these climate impacts and planning efforts, we expand upon this research to see howwinter tourism
stakeholders are currently being impacted and how they are adapting inWisconsin. Due to the different impacts
and adaptation strategies for variouswinter activities (Wobus et al 2017), we focus on one sport: downhill skiing,
which is an important part of snow recreation in the state (Headwaters Economics 2020). A recent report from
Headwaters Economics shows that snow activities combined accounted for nearly $84M inGDP inWisconsin
in 2022 (Lawson 2023).

Outside of the literature examining the physical climate change impacts on downhill skiing, there is little
research that directly examines the social components of these impacts, though it is growing (Steiger et al 2019).
Previous literature highlights the economic impact of changing climatic conditions on downhill skiing
(Chapagain et al 2018, Falk andHagsten 2016, Falk andVieru 2017,Hamilton et al 2007, Shih et al 2009). For
example, Falk andVieru (2017) found that as snowfall decreased, so did the revenue for ski lifts in Finland, with
resorts in southern regions experiencing greater losses. Interestingly, these results occur despite 96%of the lifts
in the study having snowmaking capabilities (Falk andVieru 2017). However, a 2009Michigan study found that
changes in environmental conditions, such as temperature, snowdepth, andwindchill, also impact ski ticket
sales (Shih et al 2009). Other literature examining skier perceptions and decision-making in the context of
climate change has also noted behavior changes (Dawson et al 2011,Demiroglu et al 2018, Fang et al 2024).

Additional studies have examined views on climate change and the adaptationmeasures being used at ski
resorts outside of theU.S.Midwest (Haanpää et al 2015, Rice et al 2024, Scott andMcBoyle 2007,Wilkins et al
2021). A recent study byWilkins et al (2021) found that ski resorts inUtah are already experiencing the impacts
of climate change and areworking to adapt. Snowmaking and adding other outdoor recreational activities were
themost commonly used strategies, but therewerefinancial and resource barriers associatedwith them (Wilkins
et al 2021). Examining these perspectives inWisconsin is vital to expanding adaptation literature as well as
identifying areas for future research and practice development within the downhill skiing industry.

The climate change adaptation literature for downhill skiing is similar to other bodies of adaptation
literature that focusmore on physical impacts than social (Sietsma et al 2021). The literature that does exist tends
to focus on climate-inducedweather changes and impacts to ticket prices (Falk andVieru 2017). Studies about
operator perspectives have found that they are being impacted by climate change and that operators are aiming
to adapt in variousways (Haanpää et al 2015, Rice et al 2024, Scott andMcBoyle 2007,Wilkins et al 2021).
However, there is currently nowork examining these issues inWisconsin or theU.S.Midwest, and there is a
need to continue to expand this research to improve stakeholder engagement (Steiger et al 2019). Additional
work in thisfield is especially imperative because 65%ofU.S. ski resorts have closed from1969 to 2019, with
many occurringwithin theMidwesternU.S. (Moscovici 2022) and these difficult conditions are unlikely to
improve (Chin et al 2018,Wilson et al 2023,Wobus et al 2017). Studying these issues inWisconsin is vital to
aiding the state’s adaptationmeasures and future planning aswell as to identifying areas for future adaptation
researchwhere environmental and social perspectives are integrated to develop recommendations for local
communities and industries (Sietsma et al 2021). Our study aims to provide this information by interviewing
owners andmanagers in the downhill skiing industry to understand their perspectives on these pertinent issues.
The following research questions guide this study:

1. What are stakeholders’ perceptions of the current impacts of climate change on downhill skiing inWisconsin
and their businesses?
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2. What adaptationmeasures are currently being implemented inWisconsin, and what are their views of future
practices?

3. What personal impacts are stakeholders experiencing and how do they feel about the future of theWisconsin
ski industry?

Methods

To answer these questions, our research team conducted semi-structured interviewswith individuals whowork
directly in the downhill skiing industry inWisconsin during the summer of 2023. Purposive samplingwas used
to identify key stakeholders and snowball samplingwas used to expand from the initial list of contacts
(Patton 2002). Participants were also asked tofill out a brief survey about their operation’s characteristics and
adaptation practices. Each interviewwas transcribed for analysis and thematically coded using a codebook based
on existing literature with open codes to account forWisconsin-centric codes (Saldaña 2016). The three
members of our research team coded one interview transcript andmet to discuss any disparities and ensure the
triangulation of our overall results (Patton 2002). Afterward, authors independently coded each transcript and
derived their themes. The research teammet to discuss andfinalize themeswithin each research question
(Patton 2002), which are presented as our results. This research received exempt protocol approval (protocol
number: 2023–33) from theUniversity ofWisconsin-Steven Point’s Institutional ReviewBoard onMay 12th,
2023, which required participants to be given an informed consent document and have it read to thembefore
providing verbal consent to participate in the study.

Results

Eight participants were interviewed (via Zoom, in-person, or phone) in the study, which accounts for∼ 25%of
the ski hills inWisconsin (TravelWisconsin 2024,WOOR2023) (figure 1). The participants are owners or

Figure 1.Downhill ski areas inWisconsin. Thismapwas generated using theWisconsinOutdoor Recreation Inventory produced by
theWisconsinOffice ofOutdoor Recreation (WOOR2023).
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managers of one ormore ski areas inWisconsin. Interviewswere conducted in the summer of 2023 and
referenced thewinter season of 2022–2023.

The types of hills interview participants operate are representative of the various types of downhill ski
operations inWisconsin, differing in geographic location, size of operation, and number of employees (table 1).
The geographic distribution of participants across the state allows us to better understand impacts in areaswith
similar geographies.

Current impacts& adaptation strategies
Each of our participants stated that their operationwas being impacted by climate change in a variety of ways
that have been documented in other studies (Steiger et al 2019).We found that climate-inducedweather
changes, customer behavior, and operating costs were themain impacts facing participants, with the severity of
impacts differing based on geography and visitor demographics. Participants in this study are already starting to
adapt to these changing physical and social conditions using a variety of strategies described in the following
sections.

Changingweather
Regarding climate-inducedweather changes or, as referred to by participants, changes in theweather orweather
changes, therewere twomain impacts described by participants. First is the inconsistency or volatility of
weather.Many described recent challenges around having snowfall or correct temperatures tomake snow,
followed by a quick rise above freezing accompanied by rainfall that completely removes the snowor
significantly degrades the quality of a run. This pattern seemed to be cyclical throughout the ski season, which
resulted inmore input in terms of resources and employee labor.One participant described this volatility in the
ski season below.

Yeah, so I think the biggest thing that we see is the increased volatility...We are seeingmaybe
more consistent thawswhere it’s almost expected that we’re going to face some challenging
weather. Themost recent season [2022-2023] that’s obviously fresh in ourmindwas by far the
most volatile seasonwe’ve ever had as far as number of freeze thaw cycles, warmups, rainK so I
think that’s the biggest changewe’ve seen. I’d say it still gets cold enough for us tomake snow. But
thosewindows seem to get shorter sometimes and less consistent.

While these sentiments were common throughout the interviews, participants in the southern regions of
Wisconsin experienced these challengesmore frequently, whichwas acknowledged by operators in themore
northern regions of the state. As one participant stated:

Well,Wisconsin this past winter [2022–2023], and I think the prior winter really seemed to have
twoweather zones, the lower half of the state and the upper half of the stateK and I know that in
the southern half of the state, last winter was pretty roughK

Figure 2 provides context for these statements and demonstrates the disproportionate impact that anomalies
in precipitation and temperature averages had on southern regions ofWisconsin, wheremany ski hills are
located (Study Area -figure 1). FromNovember 2022-April 2023, the southern regions of the state had higher
temperatures and precipitation (both frozen and non-frozen precipitation (Kantor et al 2023))which negatively
impact snowmaking and slopemaintenance.

Additionally, our participants noted that the length of thewinter season seems to be changing inWisconsin.
Depending on location, participants described their opening date shifting later in the year fromNovember to

Table 1.Participant & hill characteristics.

Site Characteristics Total Average

Participant Experience in Snow Industry 199 years ∼25 years
YearsHill in Existence* 622 years ∼62 years
Number of Employees 1,971 ∼246
Number of RunsOperated 217 ∼27

Table 1. Due to confidentially concernswe only provide general

demographic information via totals and averages. *The numberwas

divided by 10 due to some participants owning ormanagingmultiple

operations.
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Decemberwith their closing date remaining aroundMarch or April (depending on the operation). One example
of this:

Kwe are seeing shorter seasons. And this could getmuchworse. I don’t know if we know the full
impact of it yet. I do know that at the time that I purchased the ski area back in 19[70 s], and
looking at the operating data sheets for the roughly 15 to 20 years before that, before we owned it,
it was not at all unusual for themajorityK to be openThanksgiving or even earlier inNovember.
Now that number is a lot less than it used to beK and in the lastfive years, I’ve seen twowinters
that we didn’t open until December 27th. So I think the season is getting shorter on the front-end
and on the back-endK

It should be noted that climate-inducedweather changes and shorter seasons are interconnected
phenomena that impact how andwhenWisconsin ski hills operate. Another participant described the shorter
season but expanded on the role that volatile weather plays in how long they operate throughout the season.

Figure 2.WisconsinWinter Season 2022–23. Thesemapswere created using theNOAA (2024)Climate at aGlance CountyMapping
dataset. This datawas downloaded and used to produce bivariatemaps inArcPro (ESRI 2024). These demonstrate the overlap between
average temperature and precipitation during thewinter of 2022–2023. The darker shaded areas indicate both high average
temperatures and precipitation in each county. The symbol represents a higher average temperature compared to the historical
average. The symbol represents a higher average precipitation compared to the historical average. The symbol denotes those
counties that have both higher average precipitation and temperature.
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But it’s almost now thewinter seasonKThe ski season has shiftedmore to amid-December to
lateMarch versus a earlyNovember to earlyMarch kind of deal. Andwe’re seeingKWisconsin
winter hitting the end of February, which is usuallymorewrapping up. Last year, we closed the
secondweek inMarch, andwe had like a 6-inch snowstormK the daywe closed. And a lot of
people were like, what are you doing? You’re closingwhen it’s snow 6 inches. But on theflip side
of that the next daywas like 50 degrees. So yeah, it’s definitely weird theway theweather has
shifted, the schedule of business and something thatmaybewill change thewaywe operate. And
typically, the busiest and the best time for us has been the holiday breakK that’s typically our
busiest time, which that’ll probably stay your busiest time. Butwe’ve had some really key week-
ends in February and January,MLKweekend and President’s Dayweekend that are just as
importantK

The early and late seasonal shifts impact operators during vital holidays or busy seasons, which result in
difficult decisions aboutwhen and how to operate. These perceived changes coincide with documented historical
temperature and precipitationClimateDivision data curated by theWisconsin State ClimatologyOffice.
Figure 3 highlights the increases in precipitation aswell as the larger shift in temperature during the key holiday
seasons, particularly in January and February, that the participant above describes. These changes seem to have a
greater impact on the southernClimateDivisions inWisconsin.

Similar to previous studies (Haanpää et al 2015, Rice et al 2024, Scott andMcBoyle 2007,Wilkins et al 2021),
we found that themain adaptation strategy being used to reduce the impacts of volatile weather and shorter
seasons is snowmaking. Snowmaking allows ski hills to extend their seasonwhile also remaining operational
during volatile weather periods. A participant explains the rationale below:

Kthe onewaywe can battle [climate change] is by investingmore into our snowmaking system.
While we can’tmake snowwhen it’s warmer, we know it’s going to get cold enough, hopefully,
alwayswherewe canmake snow. So at the efficiency and the rate that we can get the hill covered
is what we’re focused on. So that’s upgrading our pump station that pulls inwater, that we can
pushmorewater uphill, doing all of our annualmaintenance and our snow guns andmaking
sure those are good to go for the next coming season, as well as addingmore snow guns, and just
trying to be as efficient as possible. Sowhenwe do get those three days of cold temps after it’s
been 60 degrees inDecember, we can get the hill open andwe can operate our business.

Figure 3.Temperature & precipitation change inWisconsin climate divisions. Thisfigurewas created using precipitation
(Hopkins 2024a) and temperature (Hopkins 2024b)data from theWisconsin State ClimatologyOffice for each climate division in
Wisconsin. The location of each climate division is denoted in red on themap corresponding to each graph.
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Outside of the snowmaking systems themselves, operators also investmore heavily in planning and
education surrounding the snowmaking process. Due to the need to understand the various facets of the
snowmaking process,many operators invest inmore accurate sensing equipment andmeteorological data to aid
in planning, like this participant:

Alongwith improving the capability of our snowmaking system, we’ve also got to improve our
critical thinking skills on planning as towhenwe’re going to utilize that snowmaking systemK
weplan our snowmaking operations by detailed study of two-week forecasts. Andwe use a paid
weather subscription service wherewe have predictionsK and of course, those things can
change. But it’s a quantum leap from the old days of where your forecast informationwas. ‘Well,
it should be cold next week.’Wecan now look at the hourly operation and plan our operation
accordinglyK then next step isKwe’re in the process of ordering electronic wet bulb sensing
equipment. Andmaking your decision based on not only ambient temperature, butwet bulb
temperature is critical in good snowmakingK and thosewet bulb temperatures are desirable
temperature ranges are happening less often and for shorter periods. And that’s why part of the
reason this year, Imade the decision so that we got our good digital available equipment tomoni-
tor wet faults sowe canmake decisions faster.

It should be noted that investing in snowmaking generally starts as a business decision to extend the season
or to aid in the creation of new runs. Over time, this investment has shifted frommore of a luxury to a necessity
due to the new realities of operating a ski hill inWisconsin.

I startedmaking all this snowmaking investment, it wasn’t as a reaction to changingweather
patterns, it was a reaction towhere the businesses needed to be. And as I feel that now, the
weather patterns have been changing, and it is gettingmore volatile. Now it’s a really good addi-
tional safety net that we have. And it’s like, thankGodwe invested all that. Like I said, there’s zero
regrets into it. Like, thankGodwe did, because nowwe can recover from this stuff quickly.

These investments seem to be critical towithstanding the volatile conditions and shifting seasons our
participants associate with climate change, which also seem to be interconnectedwith changes in customer
behavior and the costs of operating a ski hill inWisconsin.

Customer Behavior
Our participants felt that the changing conditions of the physical environment have led to changes in customer
behavior that impact the number of visitors on their slopes. This themewas commonly discussed by
participants. Operators describe that despite having snowdue to snowmaking, if theweather does not feel like
winter, then visitors are less likely towant to participate inwinter activities. In short, natural snowfall andwinter
conditions are themain drivers of participationmore than the ability to create snow. This phenomenon has been
documented in research examining ticket sales and snow events (Falk andVieru 2017). Numerous participants
used the phrase snow in the backyard, as the decision-maker for whether the general public is going to visit their
hill, which has been noted in other studies (Hamilton et al 2007, Demiroglu et al 2018). A study byDemiroglu
et al (2018) found thatNorwegian skiers also use their local conditions or backyard effect as a driving factor in
their decision to participate in summer glacier skiing. This seems to be a factor in downhill skiing inWisconsin
aswell. The participant belowdescribes the connection between snowfall and ticket sales.

Imean, we see such a jump in ticket sales and overall attendancewhenwe get an actual snowfall.
And it’s not a crazy powder dayK even 3 or 4 inches of natural snowfall will boost sales for us.
Even thoughwe’ve had snow formonths on our own. That’s just educating those guests that just
because there isn’t snow in your backyard doesn’tmean that we aren’t openK

Others expressed frustrationwith trying to get the public to look beyond their own backyards to consider
skiing in less-than-ideal winter conditions because their snowmaking capabilities allow for a high-quality skiing
experience.

People want to be outside, which is great. Natural snowdefinitely helps usmarket to people. If
there’s snow in the backyards, that bringsmore people in. That’s one of the hardest things that
I’ve tried tofigure out is, how dowe get across to you, Joe Blow, that we have snow even though
you don’t have snowK
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However,manymentioned that their customer base includes a core group of highly knowledgeable skiers
who understand snowmaking capabilities. This situation seemed to impact the hills that reliedmore heavily on
non-local visitors, like those from theChicago suburbs.

I think for our local customer base that we draw from for our ski resorts specifically. I think they
understand that we have really good snowmaking and that we’re going to have a consistent pro-
ductK and there’s no doubt natural snow is still the number one driver of business for usKdo
we still dowell when it’s bare ground and people are looking at grass in their backyard? Yes.
Because like I said, the customers have come to understand thatwemake snow. But there’s still
no bettermarketing than two inches of snow in someone’s backyard. Like there’s nothing that
beats itKI think if Chicago gets some snow, itmakes people thinkwe should go do something
fun in the snow.

Socialmedia andmarketing are adaptation strategies that our participants are using to address this change
and combat the backyard effect. Participantsmentioned new approaches to educate the general public about
their operation and the quality of slopes that can be created through snowmaking and grooming. The participant
belowdescribes their attempts to reduce the impact of the backyard effect throughmarketing techniques and
guest education.

But I also think likemarketing andmessagingK imean, that’s a huge part of what ourmarketing
department spends time on, is just communicating that, hey, we know that theweather doesn’t
look great and there’s no snow in your backyard, but this is what we look like. And so it’s commu-
nicating that is– I think that’s a huge part of it from amarketing standpoint to the guests that it is
good. And I thinkwhen they do come here and they realize that theyweren’t lying, it is pretty
good, even thoughwe had some roughweather, that’s whereword ofmouth, and like I said, the
guests have almost have an expectation now that we’re always going to have snow and it’s going
to be good.

Other strategies included using live streams and posting TravelWisconsin condition reports on their
websites or socialmedia pages to get themessage out to potential visitors that you can ski, regardless of what your
backyardmay look like. In short, the public understanding that skiing is available duringwarmer periods is vital
to profits, especially as operating costs continue to rise.

Operating costs
Thefinal climate change impactmentioned by our participants relates to operating costs associatedwith the need
to update technology andmanagement techniques tomeet changing conditions and customer behavior. The
need to invest in snowmaking and the costs ofmaking snow are described by one participant below.

Kit affects everything in that we have to spendwaymoremoney to keep the hill operating and
going. And the investment in snowmaking and snowmaking itself is a very expensive process just
from the electricity consumption. And so it’s definitely a challenge.

Also, participants described how the need for additional equipment for themaintenance of ski runs (referred
to as grooming) has changed over time.

Yeah, wewill have temperature swings come in themiddle of the night, towherewe can only
groom for six hours.We can’t groom for 10 to 12 [hours]. So thatmeans that there’s 6 vehicles
out on the hill and not 3. And those vehicles are anywhere from a quarter to a halfmillion a piece,
so to have an extra vehicle sitting there is not cheap. I certainly thought about that being climate
change, but it definitely is attributable to that.

However, these investments are necessary because they help create and enhance snow. As one participant
stated, the snow is our business. The snow is our product.They elaboratemore below.

And so [snow is]whatwe sell, and that’s why I’ve been such an advocate for investing so heavily
in it, becausewithout snow,we have nothing to sell. And inmy early years whenwe’d get that
thaw and be closed, it’d be like, well, nowwe have zero chance tomakemoney. If we don’t have
snow,we are completely closed. Like there’s not like, we don’t run the restaurant, and the
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restaurant revenuewould not be enough to sustain anything. So the climate change affects the
snow, that affects the entire business. It is the business.

Additionally, many discussed how increasing operating costs have been exacerbated by the labormarket and
inflation, which has disproportionately impacted smaller resorts.

If you’re a smaller resort, you don’t have themoney to invest in snowmaking equipment, you’re
out of business. So if you look at the amount of skiers that therewas inWisconsin in 1990 versus
2023, there’s about half asmany.

These perceptions have been documented in the literature, alongwith a reduction in ski areas across theU.S.
Midwest (Moscovici 2022). This drop in ski areas in theUnited States has been connectedwith the rise of
snowmaking (Scott et al 2024)with case studies linking the investment in snowmaking and other expenses as a
key factor in the loss of ski hills (Hamilton et al 2003). These sentiments were present as participants were asked
to describe the emotional and personal impacts of these changes.

Emotional impacts
The emotional impacts being experienced by interview participants varied, with some feelingmore negative
feelings, such as frustration around the volatile weather and the pressure to be open.One participant stated that:
Froman operator standpoint, frustration, yeah. Defeat, sometimes. Yeah, it definitely plays with your emotions a little
bit. Others felt that these impacts and changes were a new part of running a downhill ski hill, but that this field of
work has always been challengingK in this industry, you just roll with the punches a little bit.

Interestingly, some of our participants had experienced these local climatic changes throughout their
lifetimes and career. During this section of the interview, some expressed nostalgia for the simpler times in the
pre-2000's whenworking in this industry was less stressful. This participant describes the simplicity of
snowmaking decisions that their predecessor needed tomakewhen they began, which have becomemore
complex today.

Yeah, theweather patterns, he didn’t have to deal with that back in the ‘70 s and ‘80 s, it was, it’s
cold. You didn’t get snowfall, you have tomake snow. It’s that simple. It’s not that simple any-
more. It’smuchmore deeper than that.

This sentiment was also present when participants described the differences in skier expectations that they
felt nowdrive grooming and snowmaking asmuch as the change inweather. Even thosewho stated that they are
not emotionally impacted doworry about the issues that the next generation of operators will have to navigate.

My father didn’t dreamof some of the things that I’mhaving to do right now, and I can’t help but
wonder, what aremy kids going to have to do? That, I can’t imaginewhat they’re going to have to
deal with. So, I guess that’s the emotional part that I deal with.

King et al (2023)’s recent global study notes the emergence of local climate change impacts across various
regionswhile our paper provides a look at how these changes are impacting local businesses throughout a
person’s lifetime. These discussions about current impacts and adaptation strategies provided a reference point
in the interview concerning the future of downhill skiing inWisconsin.

Future ofWisconsin downhill skiing
Participants were asked various questions about how they perceive the future of their industry inWisconsin.
These questions focused on the need for future adaptation practices, views on the future of the industry, and
potential solutions.

Future adaptation strategies
In terms of future adaptation strategies,most participants felt that the need for adaptation strategies would
increase over time and becomemore intense.Most expected the need to start investingmore heavily in
snowmaking as the technology continues to change.Many stated that theywill continue to update technology
and techniques, with an added focus on efficiency for environmental sustainability and cost reduction purposes.
Changes inmarketingwill also be needed to continue educating the public about snow availability and
expanding socialmedia presence. Somementioned expanding the types of activities at their site to increase
diversity in their income in other parts of the year.
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Kwe’re really looking at different opportunities thatmay be less weather dependent at that loca-
tion. And so that’s one of the reasonswhywe’re trying to improve, install, increase the number of
miles, of trail,multi-use trail.Where if we have a rougherwinter, users could still...utilize a part
of that parkK those trails that would offset some of the loss from the skiing and tubing.

In summary, all of our participants felt that adapting to climate change is a part of their profession that will
continue into the future. Figure 4 summarizes results from the post-interview survey that indicate their
likelihood of utilizing different adaptation strategies in the future.

Future ofWisconsin downhill skiing
Despite concerns about climate change,most participants were positive about the future of downhill skiing in
Wisconsin. This wasmainly due to the recent increase in participation in skiing that began during the onset of
the COVID-19 pandemic and has continued since.

KCOVIDwas a giant shot in the arm for our industry. And skiers came out in record numbers.
And somany people discovered skiing for the first time or rediscovered skiing. Andwhen
COVIDhappened, I thought it was going to be kind of a unicorn one and done year where this
was thefirst time people could get out and do something. But nowwe’ve had three seasons since
COVID andwe have sustained and grown the business since then. And this seems to be a trend
nationwideKAnd so I think the customer demand ismaking all ski areas healthier financially
that they’re able to investK I think the future is incredibly bright for our entire industry. And
specifically inWisconsin, I think things are really trending in the right direction.

Another participant stated that because theywere able to innovate during the pandemic, climate change is
something that can also be overcome. Additionally, a source of positive outlook is the strong ski network in
Wisconsin.Many described the interconnectedness of ski hills, as the smaller,more beginner hills feed into the
larger hills formore experienced skiers. They view other hills inWisconsin as friendly competitionwithmutual
benefits if all succeed.One participant explains below.

Kthe people down South and around the bigmetropolitan areas, the base of skiers [is]hugeK so
I think the future looks good forWisconsin, because there’s a lot of little feeder areas down
South, as long as they keep on getting the snow and theymake the investment in infrastructure.
Because the amount of skiers, the beginnersK there’s hundreds of thousands of themK so for
them tomake a day trip up here, I think it’s a great thing for us, as long as those resorts stay alive.

Figure 4.Participant Survey Responses. Participants were asked how likely theywould begin using various adaptation strategies in the
future. This figure shows the practices that participants ratedwith Likely or Very Likely. Each represents one participant stating
theywould Likely or Very Likely adapt the strategy.
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Potential solutions
Given the challenge presented by climate change, participants were askedwhat supportmight be needed for
their industry, and the responses varied. Somementioned aid in trying tomarket and provide educational
materials for the public.

Kadvocatingmore for the sport of skiing and snowboarding.We look at our neighbors inMin-
nesota that do a great job at introducing this activity to kidsK they have a fourth grade program
thatKgives every kid in fourth grade an option to go to the ski hill, and try it out for a super low
cost. Andwhile our SkiingWisconsinKhas done a ton it definitely feels like there’s still maybe a
little disconnect between ski areas and general publicK.

Other participants felt that there should be incentives for transitioning tomore energy-efficient snow
equipment, along the lines of programs that have been introduced in other areas of theUnited States. They
explain below:

Kin Vermont, there’s something that the state has in place that is specific to the ski industryK
there’s tax credits given to go tomore efficient snowmaking guns and system components. And
that would be nice to see something like that hereKthere’s a lot of resorts that put off buying
more efficient equipment, because it was expensive. And nowwith this program that [Vermont]
has, they havemade significant purchases to help runmore efficiently.

Similarly, another participantmentioned that there could be a focus on grants to help smaller operations
promote their hills or upgrade equipment. Finally, therewere a fewwho felt that each hill needed tomake
decisions for themselves, which has been the source of innovation and success forWisconsin downhill skiing in
the past. Regardless of the specifics, support for the downhill skiing industry and otherwinter industries is likely
needed as future trends suggest that conditions will not be favorable for success (Chin et al 2018).

Conclusion

Our study highlights how climate change is currently impacting downhill skiing inWisconsin in variousways.
Participants stated volatile weather and shorter seasons are themain physical impacts that have pushed them to
investmore heavily in adaptation practices in recent decades. Some adaptations have been identified in previous
literature. For example, investing in snowmaking equipment was a key adaptation strategy found in other
studies (Wilkins et al 2021), but we also found that other types of technology are being utilized to support
planning andmaintenance. These seem to be vital components of snowmaking as an adaptation strategy in
Wisconsin. Formany of our participants, investments in snowmakingwere initially a business decision but have
shifted to a necessity over the last few decades. Participants noted that this shift seems to impact the smaller
resorts in the southern region of the state, whichwas also found in a similar study inNewHampshire, where size
and geographywere factors in the loss of ski areas (Hamilton et al 2003). These practices increase operating costs,
adding difficultly in an already challenging labormarket. One impact that we found that has not been identified
in previous literature is the need to adapt to changing customer behavior and expectations. Participants in this
study also are increasingly experiencing the backyard effect (Demiroglu et al 2018,Hamilton et al 2007), inwhich
the public does not visit ski hills if they do not see snowwhere they live. This idea has been noted in previous
work connecting ticket sales with snowfall (Falk andVieru 2017,Hamilton et al 2007), but our paper highlights
howoperators view and have been adapting to these phenomena,mainly through socialmedia posts and other
forms of client communication.When asked about the future, participants felt that the need for adaptation
strategies is only going to increase with time, however, they also feel positive about the future of the skiing
industry in the state. Despite this optimism,manywereworried for the next generation of operators and felt that
increased support through incentives or other programswould aid the industrymoving forward. A recent
example of this support inWisconsin is the allocation of disaster loan program funds to snowdependent
industries due to the lack of snow and loss of business (Evers and Baldwin 2024).

The need for additional support for the downhill ski and other winter sports industries as well as research to
understand future challenges is essential. Based on our study, this could focus on providing frameworks and
technology to better plan for volatile weather; increasing efficiency in equipment to ensure that snowmaking
does not become amaladaptation strategy (Scott et al 2024); and new communication strategies, all of whichwill
benefit from an interdisciplinary approach. In doing so, these new research areas willmeet the call to integrate
physical and social science research to provide local adaptation practices and policymeasures that can be applied
by stakeholders being impacted by climate change (Sietsma et al 2021).
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