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Introduction  
 
The interactions between outdoor recreation and tourism (ORT) and climate variability 
and change (CVC) are bi-directional, in that ORT activity is both a contributor to, and can be 
substantially impacted by, CVC. Research on the interactions between ORT and CVC has 
increased markedly over the past decade. In particular, studies have addressed the 
contribution of transportation-related aspects of ORT activity to greenhouse gas emissions 
as well as the likely impacts of projected CVC on the continued suitability and 
attractiveness of destinations for ORT. 
 
The downhill ski sector has received perhaps the greatest amount of interest, due likely to 
the economic importance and popularity of this activity, and the especially significant 
implications of warming conditions for its feasibility. The majority of ski-related studies 
have focused on implications of CVC for snow cover, snow reliability, skiable days, and/or 
season length; the use of snow-making as a form of adaptation has also been investigated.  
 
Less emphasis appears to have been placed on the human dimensions of this topic, e.g., in 
terms of alterations to visitor preferences, or public awareness of and concern about 
projected CVC. There also remains a distinct dearth of material focusing on the implications 
of CVC for the operations of the individual elements of the ORT industry. Few studies have 
assessed the ORT industry’s awareness and understanding of CVC and its likely 
implications for their businesses or sites. With respect to winter tourism, eight studies 
focusing on industry/stakeholder attitudes and perceptions appear to exist, five of which 
post-date the commencement of the current study. These eight are summarized in Table 1. 
 
Appendix I contains a summary of known English-language refereed journal articles and 
selected other academic publications regarding the relationships between winter sports 
and CVC; it identifies the location of the study area (primarily Europe and Canada) as well 
as the focus of each piece (characterized in terms of supply/snow conditions, industry 
attitudes/perceptions, adaptation, and/or skier preference/demand). 
 
In an effort to redress the lack of knowledge regarding the ski sector’s awareness and 
perceptions of climate change, and in order to provide useful and relevant information to 
members of the ORT sector, this report provides an assessment of the impacts of, 
vulnerabilities to, and barriers to adaptation to CVC within the ski sector in the Midwest US 
state of Michigan.  
 
 

 
 
 
 
 
 
 



Table 1. Studies of Winter Tourism Industry Stakeholder Attitudes and Perceptions 
 

Author(s) (Year): Bicknell & McManus (2006)  

Focus: Ski resort anticipation of and response to climate change  

Study Area: Australian Alps 

Method: In-depth interviews with resort managers (3) and government representatives  

Key Findings: 

 All three resort managers acknowledged climate change, though one doubted its 
human-inducement 

 Resort managers and government representatives all acknowledged the trend towards 
all season tourism in the area (i.e., diversification beyond winter tourism) 

 Snowmaking is increasingly common in the Australian ski industry; all three resort 
managers indicated confidence in snowmaking technologies  

 The availability of scientific information is important to ski resorts 

Author(s) (Year): Wolfsegger et al. (2008) 

Focus: Perceptions of climate change, influence on operations, adaptive responses 

Study Area: Austrian Alps 

Method: Online questionnaire of 36 managers at low elevation ski areas 

Key Findings: 

 56% of managers rated climate change as a high or moderately high priority 
 Though most managers anticipated that the climate will change in the future, few 

believed that fewer tourists will visits the ski resorts  
 Almost half of managers indicated that their businesses would not be economically 

viable in 15 years without further adaptation, though almost half believed their 
businesses would continue to be viable for at least another 75 years with further 
adaptation, with snowmaking overwhelmingly identified as most appropriate 

Author(s) (Year): Hoffmann et al. (2009)  

Focus: Determinants of corporate adaptation to climate change 

Study Area: Swiss Alps 

Method: Survey of 124 ski lift operators, econometric analysis of responses 

Key Findings: 

 Most operators (65%) considered themselves well informed about possible climate 
change effects 

 Awareness of possible climate change effects had a positive impact on the number of 
adaptation measures implemented 

 Vulnerability of the affected business did not have a positive linear influence on the 
number of adaptation measures implemented 

 The availability of scientific information is important to ski resorts 

 



Table 1. Studies of Winter Tourism Industry Stakeholder Attitudes and Perceptions, 
ctd. 
 

Author(s) (Year): Hill et al. (2010)  

Focus: Perceptions of adaptation to climate change at the operational and community level 

Study Area: Swiss Alps 

Method: Semi-structured qualitative interviews with 29 stakeholders, SWOT analysis 

Key Findings: 

 Though most participants identified climate change adaptation as an important issue, 
other issues that affected their business, village or family were rated as more critical 

 Most stakeholders expressed the need to diversify their winter offerings and to boost 
the percentage share of summer tourism to compensate 

 “A comprehensive and collaborative planning approach is vital to enable policy makers 
and stakeholders to maximize opportunities, minimize the adverse effects of climate 
change on the local economy, and develop inclusive adaptation measures that benefit 
the entire region in order to create more sustainable social, economic and 
environmental structures” 

Author(s) (Year): Bank & Wiesner (2011) 

Focus: Determinants of usage of weather derivatives 

Study Area: Austria 

Method: Interviews with 61 ski lift operators 

Key Findings: 

 82% of operators indicated that they are subject to (very) high weather risk 
 62% of operators view climate change as (very) important for their business operations 
 81% of operators rely on technical adaptation measures, i.e., artificial snowmaking 
 11% of operators plan to open up new markets, e.g., snowshoeing 
 One of the 61 operators use weather derivatives 
 Most operators had never considered using weather derivatives, primarily due to lack 

of knowledge/expertise and lack of expected benefits 

Author(s) (Year): Brouder & Lundmark (2011) 

Focus: Intra-regional perceptions of winter-oriented tourism entrepreneurs regarding 

potential threats from climate change 

Study Area: Upper Norrland, Northern Sweden 

Method: Survey of 63 entrepreneurs 

Key Findings:  

 52% of entrepreneurs view climate change as a problem in their local area (83% of 
those in coastal locations compared to 45% of those inland) 

 45% of entrepreneurs view climate change as a high business priority (64% of those in 
the accommodations/attractions sectors compared to 27% of activity-based providers) 

 



Table 1. Studies of Winter Tourism Industry Stakeholder Attitudes and Perceptions, 
ctd. 
 

Author(s) (Year): Hoy, Hänsel & Matschullat (2011)  

Focus: Awareness of and adaptation to climate change  

Study Area: Saxony Mountains, Eastern Germany 

Method: Telephone interviews with 59 commercial (31) and municipal (28) ski area 

representatives 

Key Findings: 

 Two-thirds of municipal representatives anticipated a decline in natural snow 
conditions by 2025 compared to one-third of commercial operators 

 More than 80% of all representatives considered climate change to be of medium to 
very high personal priority (approximately 40% (very) high and 40% medium) 

 About 20% of representatives considered themselves well informed regarding the 
scientific background of climate change and its impacts on winter tourism; a similar 
proportion did not feel well informed enough 

 In the case of worsening natural snow conditions, 35% of commercial representatives 
would consider closing their business, 35% would provide alternative activities 
requiring less natural snow, and 30% would increase artificial snow production 

Author(s) (Year): Morrison & Pickering (2013)  

Focus: perceptions of ski-tourism representatives and other regional stakeholders 

regarding climate change impacts and adaptation 

Study Area: Australian Alps 

Method: Sixteen open-ended interviews with ski-tourism representatives (4) and other 

regional stakeholders (12) 

Key Findings: 

 All 16 interviewees indicated a general belief in climate change, though 6/16 expressed 
dissatisfaction with the level of error associated with climate change projections 

 All 16 interviewees identified snowmaking as the tourism industry’s primary 
adaptation strategy 

 Two of the four ski-tourism interviewees identified plans to expand/diversify to year-
round operations 

 Limits to the use of snowmaking as an adaptation strategy as identified by the 
interviewees included warmer temperatures, water and energy requirements, and cost 

 

 
 
 
 
 



Method 
 
A survey of ski area operators was developed based on a review of the literature and 
detailed discussion with a series of operators throughout the state. The survey was pilot-
tested by this same subset of operators. Invitations to participate in the online survey were 
shared with the 36 member areas of the Michigan Snowsports Industries Association, 
whose Executive Director endorsed participation in the study. Nineteen responses were 
received, representing 18 different ski areas and an effective response rate of 50%.  
 
 

Key Findings 
 
Appendix II presents the full results of the survey in tabular form. Key findings are 
summarized below. Due to the size of the sample, all results are reported for the entire 
group and no sub-analysis was conducted. 
 
 
Characteristics of Respondents and their Ski Areas 
 
Respondents held a variety of upper level management positions (General Manager, 
President, Owner, etc.) and had an average of two decades of experience at their current ski 
area and 26 years of experience in the winter sports industry in general.  
 
Dependence on winter operations as expressed as a percentage of gross revenue ranged 
from 25% to 100% (average 70%). Gross revenue ranged from less than $5 million (7 
areas) to over $20 million (3 areas). The number of full-time, year-round employees ranged 
from none to 500 and averaged 113. Though small, the sample did clearly represent a wide 
range of area types and sizes. 
 
 
Respondents’ Belief In, Awareness of and Concern About Climate Change 
 
All but one of the 19 respondents believed that the world’s climate is changing (this one 
respondent was excluded from further analysis). Of the remaining 18 respondents, most 
considered themselves somewhat (39%) or very (44%) aware of the topic of climate 
change. Concern regarding climate change and its implications for winter operations was 
more variable – 22% a little concerned, 44% somewhat concerned, and 28% very 
concerned. Mean awareness and concern scores were 3.4 and 2.9, respectively (out of 5.0). 
Figure 1 illustrates levels of awareness and concern. 
 
 
 
 
 
 



Figure 1. Awareness of and Concern about Climate Change (n = 18) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Observed Changes at Ski Area 
 
Respondents were next asked to indicate the number of seasons during which they have 
observed a series of eleven changes at their ski area in the past ten years. Answer options 
consisted of never, during 1-3 seasons, 4-6 seasons, 7-9 seasons, and every season.  
 
The most commonly observed change (based on the mean score for each item) was early 
closing of ski season due to lack of customer demand (observed every season at five areas, 
though never at six). This finding, in combination with the infrequent observation of early 
closing due to lack of snow, would seem to lend some credence to the generally recognized 
though never empirically proven perception among ski area operators that customers are 
heavily driven by snow conditions in their home area. It is commonly accepted within the 
industry that once spring arrives in key market areas, and customers’ minds turn to 
summer activities such as boating and golf, it is extremely difficult to attract them to ski 
regardless of conditions on the slope. The installation of web cams, to provide live video of 
actual snow conditions, has been one approach to help combat this problem. 
 
Other changes that were observed by the majority of respondents 1-3 or 4-6 times over the 
past ten seasons were less natural snow; delay in opening day of ski season due to lack of 
snow; extended mid-season warming trends; more intense severe snow storm events 
(measured by accumulation of 8” or more in 24-hour period); reduced frequency of 
conditions necessary to make snow; and, more frequent severe snow storm events. This 
combination of observations – of both less snow yet also more intense and more frequent 
severe snow storm events, lends support to a key characteristic of the climate change 
phenomenon, that of increasing climatic variability. 
 
The remaining four items – early closing of ski season due to lack of snow; increased 
difficulty of guests reaching your resort due to difficult driving conditions between their 
homes and your resort; shift in timing of season (no change in length); mid-season closings 
due to lack of snow – were observed by the majority of respondents either never or 1-3 
times in the past ten seasons.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Additions/Changes to Operations at Ski Area 
 
Next, respondents were asked to indicate whether or not any of 23 measures, additions or 
changes had been implemented at their area in the past ten years. Three answer options 
were provided: yes; no; and, not yet operational but in planning or development stage.  
 
In the case of a yes or not yet answer, this follow-up question was asked: “Please indicate 
the extent to which recent weather variability and/or your concerns about climate change 
directly influenced your implementation of this measure at your area.” Answer options 
were as follows: had no influence; was a secondary influence; was one of several factors 
that had approximately equal influence; was the primary but not the only influence; and, 
was the only influence. 
 
In the case of a no answer, this follow-up question was asked: “Please indicate why you 
have not implemented this measure at your area by checking the one most relevant reason 
from the choices below.” Answer options were: I am not familiar with this measure; I have 
heard of this measure but need more information about it in order to make an informed 
decision about its utility; I am familiar with this measure but it is not appropriate or 
feasible at our area (e.g., due to technical or structural limitations); I am familiar with this 
measure but it is not financially viable at our area; and, We have not yet implemented this 
measure but are currently in the process of evaluating its utility for our area. 
 
The following measures, additions or changes had been implemented or were in the 
planning/development stage at more than one half of areas: 
 

 Increased snowmaking capacity (i.e., more snow guns); 
 Increased frequency of snowmaking; 
 Improved snowmaking capacity (i.e., more efficient snow guns); 
 Installation of a weather station; 
 Addition of new/more winter activities; 
 Addition of new/more spring/summer/fall activities; 
 Investment in energy conservation measures; 
 Expanded use of social media; 
 Implementation of new or special winter pricing structures; 
 Partnered with surrounding tourism suppliers. 

 
However, recent weather variability and/or concerns about climate change rarely had a 
direct influence on the implementation of these measures according to the respondents. 
Indeed, weather variability and/or concerns about climate change were cited as the only 
influence on implementation in just one instance, and were cited as the primary (though 
not the only) influence in only fourteen cases (of a total of 156 possible cases). Even with 
respect to snowmaking (for increased snowmaking capacity, increased frequency of 
snowmaking, and improved snowmaking capacity) recent weather variability and/or 
concerns about climate change were for the most part identified as one of several factors 
that had approximately equal influence on implementation, or as a secondary influence. 



In the case of measures that had for the most part not been implemented, lack of financial 
viability was the most commonly cited reason for lack of implementation. This was the case 
for the purchase of weather derivatives; the purchase of site-specific weather forecast 
information; the addition of a new conference center, spa, indoor or outdoor waterpark, or 
golf course; investment in alternative sources of energy; and, an increase in advertising 
budget. These findings are unsurprising – the addition of new facilities represents 
expensive capital improvements requiring substantial access to financial support as well as 
the physical land area to accommodate them. The purchase of weather derivatives and of 
site-specific weather forecast information, as well as investment in alternative sources of 
energy, are also likely perceived to be less essential expenditures than the maintenance of 
existing stock and investment in more and/or better snowmaking capabilities. 
 
Inappropriateness or lack of feasibility due to technical or structural limitations was the 
most commonly cited reason for not installing snow/wind fencing and for not developing 
runs on higher terrain. Unlike their western US and European counterparts, ski areas in 
Michigan are clearly constrained in their ability to expand upwards, since most areas were 
originally built at the upper limits of available topography. 
 
The only item for which lack of familiarity with the measure was the most commonly cited 
rationale for its non-implementation was the use of snow blankets.  
 
 
Confidence in Snowmaking 
 
The majority of respondents (63%) were very confident that snowmaking will enable their 
area to adapt to climate variability or change over the next ten years.  
 
When respondents who indicated that they are very or extremely confident that 
snowmaking will enable their area to adapt to climate variability or change over the next 
ten years were asked to explain why they possess such confidence, the most common 
responses focused on the belief that winter (in terms of sufficiently cold temperatures) 
would always come (eventually), and on the expectation that snowmaking technologies 
will continue to improve, allowing snow to be made at increasingly warmer temperatures.  
 
 
 
 
 
 
 
 
 
 
 
 
 



Importance of Climate Change Research 
 
The majority of respondents thought that additional information and research regarding 
climate change and its potential implications for the winter sports industry would be 
somewhat (31%) or very (56%) important. 
 
 
Utility of Climate Change Information 
 
When asked to rate the utility of nine kinds of information regarding climate change and its 
potential implications for the winter sports industry, the respondents overwhelmingly 
rated information regarding projected changes in the occurrence of conditions necessary 
for snowmaking as the most useful (40% said very useful and 47% extremely useful). 
 
Other very useful kinds of information (items receiving a mean score in excess of 3.75 on 
the 5-point scale) were: average maximum winter temperatures; timing of natural 
snowfall; and, average minimum winter temperatures. 
 
When asked the same question with respect to four additional types of research 
information (relating to consumer perceptions of and reaction to climate change, and to 
industry adaptation), studies of customers' perceptions of and potential reactions to 
climate change (e.g., in terms of when, where and how often they might ski) and of 
projected changes in climatic conditions in major market areas (i.e., where most 
skiers/riders reside) were rated the most useful. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Summary and Recommendations 
 
 Most (all but one of 19) respondents indicated that they believe the world’s climate is 

changing. However, self-reported levels of awareness of the topic of climate change 
exceed concern regarding climate change and its implications, with 28% of respondents 
indicating that they are not at all or only a little concerned.  

 Despite the general lack of extreme concern regarding climate change, the majority of 
respondents indicated that they had increased (78%) and improved (73%) 
snowmaking capacity and increased the frequency of snowmaking (72%) in the last ten 
years. However, the majority of respondents indicated that recent weather variability 
and/or concerns about climate change (RWVCCC) were a secondary influence or one of 
several factors that had approximately equal influence on the adoption of these 
measures. RWVCCC were the only influence on the adoption of any of the measures in 
just one of 46 potential cases. There is a clear disconnect within the sample between the 
implementation of measures leading to more and better artificial snow production, and 
the perception or recognition of RWVCCC as a primary cause of this need. 

 Diversification, via the addition of new/more winter activities and new/more 
spring/summer/fall activities, was evident at more than one half of responding 
properties, though in almost all cases due to factors other than RWVCCC. 

 Investment in energy conservation measures was high (75%), though RWVCCC had no 
influence on this investment in more than one half of instances and was the primary 
(though not the only influence) for just 15% of respondents. 

 Confidence in snowmaking as a means of enabling areas to adapt to climate variability 
or change over the next ten years was very high, reflecting strong beliefs in both the 
weather (that winter/sufficiently cold temperatures will always come) and in 
improvements in snowmaking technology.                  

 Despite the apparent lack of influence of weather variability/climate change on recent 
management decisions, 87% of respondents indicated additional information and 
research regarding climate change and its potential implications for the winter sports 
industry to be somewhat or very important.    

 With regards to supply-side conditions, additional information on projected changes in 
the occurrence of conditions necessary for snowmaking was rated the most useful. This 
is clearly the area offering the greatest potential for future research with the greatest 
opportunity for industry application and benefit. 

 With regards to demand-side conditions, studies of customers' perceptions of and 
potential reactions to climate change, and projected changes in climatic conditions in 
major market areas, were both rated very-extremely useful. As evidenced in Appendix I, 
demand-related studies of the implications of weather variability/climate change for 
the winter tourism are especially rare, and this area appears the most fruitful for future 
and original research, especially that from the social science perspective.  

 Objective cost-benefit analyses of the various climate change adaptation strategies 
available and case studies of how areas are actively adapting to climate variability and 
change both offer the opportunity for contribution to increased and improved ski 
industry awareness and understanding of climate change and appropriate adaptation 
strategies. 
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Appendix I.  Summary of Relevant Literature 

Author(s) Year Study Site Focus Method Dependent Variable (or equivalent) 

Agrawala 2007 European Alps 
supply/snow conditions, 
adaptation 

literature review natural snow reliability, adaptation 

Balazik 2001 Mid Atlantic, USA supply/snow conditions 
simulation using GCM-derived 
scenarios of climate change 

ski season length 

Bank et al. 2011 Austria 
industry 
attitudes/perceptions 

interviews with ski lift operators 
determinants of weather derivatives 
usage 

Bark et al. 2010 Arizona, USA 
supply/snow conditions, 
adaptation 

simulation using GCM-derived 
scenarios of climate change 

viability of snowmaking 

Bicknell et 
al.  

2006 Australian Alps 
industry 
attitudes/perceptions 

interviews with stakeholders perceptions, adaptation strategies 

Breiling et 
al. 

1999 Austria  supply/snow conditions 
models of current/future snow 
cover depth 

snow cover depth 

Brouder et 
al. 

2011 
Upper Norrland, 
Northern 
Sweden 

industry 
attitudes/perceptions 

survey of entrepreneurs perceived vulnerability 

Butsic et al. 2011 
Western North 
America 

other 
hedonic pricing (multiple 
regression) 

real estate prices 

Dawson et 
al. 

2009 
Northeastern 
USA 

supply/snow conditions, 
skier demand 

climate change analogue approach 
ski season length, snowmaking, skier 
visits, operating profit 

Elsasser et 
al. 

2001 Swiss Alps 
supply/snow conditions, 
skier demand 

literature review snow cover, ski frequency 

Elsasser et 
al. 

2002 Swiss Alps supply/snow conditions models of current/future reliability snow reliability 

Fukushima 
et al. 

2003 Japan  
supply/snow conditions, 
skier demand 

models of snow depth and numbers 
of skiers 

snow depth, number of skiers 

Galloway 1988 Australian Alps supply/snow conditions 
models of current/future ski season 
length 

ski season length 

Hamilton et 
al. 

2003 
New Hampshire, 
USA 

supply/snow conditions 
case study, integrated empirical 
research 

snowfall, number of ski areas, 
adaptation 

Hendrikx et 
al. 

2012 New Zealand supply/snow conditions 
simulation using GCM-derived 
scenarios of climate change 

snow duration, snow fall, peak snow 
accumulation 

Hennessy et 
al. 

2008 Australian Alps 
supply/snow conditions, 
adaptation 

simulation using GCM-derived 
scenarios of climate change 

snow cover depth, snowmaking as an 
adaptation technique 

Hill et al. 2010 Swiss Alps 
adaptation, industry 
attitudes/ perceptions 

semi-structured interviews with 
stakeholders 

attitudes to adaptation 



Author(s) Year Study Site Focus Method Dependent Variable (or equivalent) 

Hoffmann 
et al. 

2009 Swiss Alps 
adaptation, industry 
attitudes/ perceptions 

survey of ski lift operators, 
econometric analysis 

determinants of corporate adaptation 
strategies 

Hoy et al. 2011 
Saxony, Eastern 
Germany 

adaptation, industry 
attitudes/ perceptions 

telephone interviews with ski area 
representatives 

awareness, adaptation options 

Koenig et 
al. 

1997 Swiss Alps supply/snow conditions 
models of current/future snow 
reliability 

snow reliability 

Konig 1998 Australian Alps skier preference/demand survey of skiers/snowboarders ski frequency and location 

Lazar et al. 2008 Aspen, Colorado supply/snow conditions 
simulation using GCM-derived 
scenarios of climate change 

timing of wet avalanches, snow quality 

Lipski et al. 1991 Michigan, USA supply/snow conditions 
models of current/future snow 
cover, sensitivity analyses 

ski season length 

McBoyle et 
al. 

1987 Quebec, Canada supply/snow conditions scenario, sensitivity analysis ski season length and reliability 

Moen et al. 2007 Sweden supply/snow conditions 
simulation using stochastic weather 
generator 

ski season length, skier expenditures 

Morrison et 
al. 

2013 Australian Alps 
industry 
attitudes/perceptions 

interviews with stakeholders climate change impacts, adaptation 

Mote et al. 2007 United States 
supply/snow conditions, 
adaptation 

observed and simulated conditions 
snow depth, snowmaking as an 
adaptation technique 

Nolin et al.  2006 
Pacific 
Northwest, USA 

supply/snow conditions current/future snow classification snow cover 

Pickering 2011 Australian Alps skier demand multiple regression number of visitor days 

Pickering et 
al. 

2010 Australian Alps 
supply/snow conditions, 
adaptation 

models of current/future snow 
cover 

number and cost of snow guns needed 

Pickering et 
al. 

2010 Australian Alps 
skier awareness/ 
perceptions/ demand 

survey of skiers ski frequency 

Rech et al. 2010 French Alps adaptation 
qualitative case study using actor-
network theory 

conflict between stakeholders 

Rixen et al. 2011 Swiss Alps 
supply/snow conditions, 
adaptation 

multiple models 
snow cover, snowmaking days, energy 
consumption of snowmaking 

Scanlon 2006 Central Europe 
supply/snow conditions, 
skier demand 

literature review adaptation strategies 

Scott et al. 2008 Northeast USA supply/snow conditions 
simulation using GCM-derived 
scenarios of climate change 

ski/snowmobile season length 

 



Author(s) Year Study Site Focus Method Dependent Variable (or equivalent) 

Scott et al. 2002 
Lakelands 
Region, Ontario, 
Canada 

supply/snow conditions, 
adaptation 

simulation using GCM-derived 
scenarios of climate change 

sensitivity to climate variability, 
snowmaking as an adaptation 
technique 

Scott et al. 2003 
Southern 
Ontario, Canada 

supply/snow conditions, 
adaptation 

simulation using GCM-derived 
scenarios of climate change 

ski season length, snowmaking as an 
adaptation technique 

Scott et al. 2007 Quebec, Canada 
supply/snow conditions, 
adaptation 

simulation using GCM-derived 
scenarios of climate change 

natural snow conditions, ski season 
length, snowmaking requirements 

Scott et al. 2006 
Eastern North 
America 

supply/snow conditions, 
adaptation 

simulation using GCM-derived 
scenarios of climate change 

natural snow conditions, ski season 
length, snowmaking requirements 

Scott et al. 2007 
global ski 
industry 

adaptation literature review adaptation strategies 

Shih et al. 2009 Michigan, USA skier demand multiple regression lift ticket sales 

Sobol 2012 
German and 
Austrian Alps 

supply/snow conditions, 
skier demand 

multi-agent scenario assessment 
model 

numbers of overnight stays and 
operating days 

Steiger et 
al. 

2008 Tyrol, Austria supply/snow conditions 
model of conditions suitable for 
snowmaking 

technical snow reliability (conditions 
suitable for snowmaking) 

Uhlmann et 
al.  

2009 Swiss Alps supply/snow conditions 
Surface Energy Balance Model 
(SEBM) 

snow cover, snow depth 

Whetton et 
al. 

1996 Australian Alps supply/snow conditions 
simulation using GCM-derived 
scenarios of climate change 

snow cover duration 

Wolfsegger 
et al. 

2008 Austrian Alps 
industry attitudes/ 
perceptions 

survey of managers at low elevation 
ski areas 

perceptions, influence on operations, 
adaptation strategies 

 



Appendix II.  Survey Results 
 
Characteristics of Respondents and their Ski Areas 
 
 
Title/Position of Respondent 
 

 Number  Percent 
Manager 6 31.6% 
General Manager 4 21.1% 
Director 3 15.8% 
Owner  2 10.5% 
President 2 10.5% 
Vice President 2 10.5% 
Total  19 100.0% 
 
 
Years Worked at Current Ski Area and in the Winter Sports Industry 
 

 Minimum  Maximum  Average  
Years at Current Ski Area 3 37 20 
Years in Winter Sports Industry  3 40 26 
 
 
Percentage of Ski Area's Gross Revenue Accounted for by Winter Operations 
 

 Minimum  Maximum  Average  
Percentage of Gross Revenue 25 100 70 
 
 
Volume of 2010-11 Gross Revenues 
 

 Number  Percent 
Under $5 million 7 43.7% 
$5 million to $20 million 3 18.8% 
Over $20 million 3 18.8% 
Do not know 1 6.2% 
Prefer not to answer 2 12.5% 
Total  16 100.0% 
 
 
Number of Full-Time, Year-Round Employees 
 

 Minimum  Maximum  Average  
Number of Employees 0 500 113 



Respondents’ Belief In, Awareness of and Concern About Climate Change 
 
Many people think that the world’s climate is changing, in particular that the climate is 
becoming more variable and that we will, in the future, experience more climate extremes. 
Regardless of cause (natural or human-induced), do you believe that the world’s climate is 
changing? 
 
 Number Percent 
Yes 10 52.7% 
To some extent 8 42.1% 
No  1 5.2% 
Total  19 100.0% 
 
 
How aware would you consider yourself to be of the topic of climate change? 
 
 Number  Percent  
Not at all aware 0 0.0% 
A little aware 2 11.1% 
Somewhat aware 7 38.9% 
Very aware 8 44.4% 
Extremely aware 1 5.6% 
Total  18 100.0% 
 
 
How concerned are you about climate change and its implications for your winter 
operations? 
 
 Number  Percent  
Not at all concerned 1 5.6% 
A little concerned 4 22.2% 
Somewhat concerned 8 44.4% 
Very concerned 5 27.8% 
Extremely concerned 0 0.0% 
Total  18 100.0% 
 
 
 
 
 
 
 
 

 



Observed Changes at Ski Area 
 
In the past ten years, during how many seasons have you observed any of these changes at 
your ski area? (n = 18) 
 
 Never  

(1) 
1-3 

Seasons 
(2) 

4-6 
Seasons 

(3)  

7-9 
Seasons 

(4)  

Every 
Season 

(5) 

Mean 
Score 

(out of 5) 

Early closing of ski 
season due to lack of 
customer demand  

6 
33.3% 

3  
16.7% 

1  
5.5% 

3  
16.7% 

5  
27.8% 

2.89 

Less natural snow 0  
0.0% 

11 
 61.1% 

5  
27.8% 

2  
11.1% 

0  
0.0% 

2.50 

Delay in opening day 
of ski season due to 
lack of snow 

1  
5.5% 

12 
66.8% 

3  
16.7% 

1  
5.5% 

1  
5.5% 

2.38 

Extended mid-season 
warming trends 

0  
0.0% 

13 
 72.2% 

5  
27.8% 

0  
0.0% 

0  
0.0% 

2.28 

More intense severe 
snow storm events 
(accumulation of 8” or 
more in 24-hr period) 

1  
5.5% 

12 
66.8% 

5  
27.8% 

0  
0.0% 

0  
0.0% 

2.22 

Reduced frequency of 
conditions necessary 
to make snow 

0  
0.0% 

15 
 83.3% 

3 
 16.7% 

0 
 0.0% 

0 
 0.0% 

2.17 

More frequent severe 
snow storm events 

3 
 16.7% 

11 
 61.1% 

4 
 22.2% 

0 
 0.0% 

0 
 0.0% 

2.06 

Early closing of ski 
season due to lack of 
snow 

3 
 16.7% 

13 
 72.3% 

1 
 5.5% 

1 
 5.5% 

0 
 0.0% 

2.00 

Increased difficulty of 
guests reaching your 
resort due to difficult 
driving conditions 
between their homes 
and your resort 

5 
 27.8% 

11 
 61.1% 

2 
 11.1% 

0 
 0.0% 

0 
 0.0% 

1.83 

Shift in timing of 
season (no change in 
length) 

8 
 44.4% 

10 
 55.6% 

0 
 0.0% 

0 
 0.0% 

0 
 0.0% 

1.56 

Mid-season closings 
due to lack of snow 

14 
 77.8% 

2 
 11.1% 

2 
 11.1% 

0 
 0.0% 

0 
 0.0% 

1.33 

 
 
 



Additions/Changes to Operations at Ski Area 
 
In the past ten years, have you implemented the following measure or made the following addition or change to your 
operations?   
 
 Yes  No  Not yet operational 

but in planning or 
development stage 

Increased your snowmaking capacity (i.e., added more guns) (n=18) 14, 77.8% 2, 11.1% 2, 11.1% 
Increased the frequency of snowmaking (n=18) 13, 72.2% 5, 27.8% 0, 0.0% 
Improved your snowmaking capacity (i.e., more efficient guns) (n=18) 15, 83.3% 1, 5.6% 2, 11.1% 
Conducted landscaping/slope redev. to reduce necessary snow cover (n=18) 5, 27.8% 13, 72.2% 0, 0.0% 
Developed runs on higher terrain (n=17) 1, 5.9% 15, 88.2% 1, 5.9% 
Used snow blankets (n=17) 0, 0.0% 16, 94.1% 1, 5.9% 
Installed snow/wind fencing (n=17) 4, 23.6% 12, 70.6% 1, 5.8% 
Purchased weather derivatives (a form of weather insurance) (n=16) 1, 6.3% 15, 93.7% 0, 0.0% 
Paid to purchase site-specific weather forecast information (n=16) 7, 43.8% 9, 56.2% 0, 0.0% 
Installed a weather station at your area (n=16) 10, 62.5% 6, 37.5% 0, 0.0% 
Added new/more winter activities (n=16) 8, 50.0% 8, 50.0% 0, 0.0% 
Added new/more spring/summer/fall activities (n=16) 10, 62.5% 6, 37.5% 0, 0.0% 
Added a new conference center (n=16) 1, 6.3% 15, 93.7% 0, 0.0% 
Added a new spa (n=16) 2, 12.5% 14, 87.5% 0, 0.0% 
Added a new indoor waterpark (n=16) 1, 6.3% 15, 93.7% 0, 0.0% 
Added a new outdoor waterpark (n=16) 2, 12.5% 14, 87.5% 0, 0.0% 
Added a new golf course (n=16) 2, 12.5% 14, 87.5% 0, 0.0% 
Invested in alternative sources of energy (e.g., solar panels) (n=16) 0, 0.0% 16, 100.0% 0, 0.0% 
Invested in energy conservation measures (n=16) 12, 75.0% 3, 18.7% 2, 16.3% 
Increased your advertising budget (n=16) 7, 43.7% 9, 56.3% 0, 0.0% 
Expanded your use of social media (n=16) 16, 100.0% 0, 0.0% 0, 0.0% 
Implemented new or special winter pricing structures (n=16) 10, 62.5% 6, 37.5% 0, 0.0% 
Partnered with surrounding tourism suppliers such as casinos, etc. (n=16) 8, 50.0% 8, 50.0% 0, 0.0% 

 
 
 



If “Yes” or “Not yet operational but in the planning or development stage” … 
 
Please indicate the extent to which recent weather variability and/or your concerns about climate change directly influenced 
your implementation of this measure at your area. 
 
Recent weather variability and/or concerns about 
climate change… 

had no 
influence  

was a 
secondary 
influence 

was one of 
several factors 

that had 
approximately 
equal influence 

was the 
primary 

but not the 
only 

influence 

was the 
only 

influence 

Increased your snowmaking capacity (n=16) 2, 12.5% 5, 31.3% 7, 43.8% 1, 6.2% 1, 6.2% 
Increased the frequency of snowmaking (n=13) 1, 7.6% 3, 23.1% 6, 46.2% 3, 23.1% 0, 0.0% 
Improved your snowmaking capacity (n=17) 2, 11.8% 8, 47.0% 5, 29.4% 2, 11.8% 0, 0.0% 
Conducted landscaping/slope redevelopment (n=5) 1, 20.0% 1, 20.0% 2, 40.0% 1, 20.0% 0, 0.0% 
Developed runs on higher terrain (n=2) 2, 100.0% 0, 0.0% 0, 0.0% 0, 0.0% 0, 0.0% 
Used snow blankets (n=1) 1, 100.0% 0, 0.0% 0, 0.0% 0, 0.0% 0, 0.0% 
Installed snow/wind fencing (n=4) 2, 50.0% 0, 0.0% 2, 50.0% 0, 0.0% 0, 0.0% 
Purchased weather derivatives (n=1) 0, 0.0% 0, 0.0% 1, 100.0% 0, 0.0% 0, 0.0% 
Paid to purchase site-specific weather forecast info. (n=7) 3, 42.8% 1, 14.3% 2, 28.6% 1, 14.3% 0, 0.0% 
Installed a weather station at your area (n=10) 5, 50.0% 1, 10.0% 3, 30.0% 1, 10.0% 0, 0.0% 
Added new/more winter activities (n=8) 2, 25.0% 3, 37.5% 3, 37.5% 0, 0.0% 0, 0.0% 
Added new/more spring/summer/fall activities (n=10) 3, 30.0% 4, 40.0% 2, 20.0% 1, 10.0% 0, 0.0% 
Added a new conference center (n=1) 1, 100.0% 0, 0.0% 0, 0.0% 0, 0.0% 0, 0.0% 
Added a new spa (n=2) 0, 0.0% 2, 100.0% 0, 0.0% 0, 0.0% 0, 0.0% 
Added a new indoor waterpark (n=1) 0, 0.0% 0, 0.0% 1, 100.0% 0, 0.0% 0, 0.0% 
Added a new outdoor waterpark (n=2) 0, 0.0% 1, 50.0% 1, 50.0% 0, 0.0% 0, 0.0% 
Added a new golf course (n=2) 1, 50.0% 0, 0.0% 0, 0.0% 1, 50.0% 0, 0.0% 
Invested in alternative sources of energy (n=0) - - - - - 
Invested in energy conservation measures (n=13) 7, 53.8% 1, 7.7% 3, 23.1% 2, 15.4% 0, 0.0% 
Increased your advertising budget (n=7) 4, 57.1% 1, 14.3% 2, 28.6% 0, 0.0% 0, 0.0% 
Expanded your use of social media (n=16) 11, 68.8% 2, 12.5% 2, 12.5% 1, 6.2% 0, 0.0% 
Implemented new or special winter pricing structures (n=10) 7, 70.0% 2, 20.0% 1, 10.0% 0, 0.0% 0, 0.0% 
Partnered with surrounding tourism suppliers (n=8) 5, 62.5% 3, 37.5% 0, 0.0% 0, 0.0% 0, 0.0% 

 
 



If “No” … 
 
Please indicate why you have not implemented this measure at your area by checking the one most relevant reason from the 
choices below*, or enter an alternative response in the ‘other’ box provided: 
 
 Not 

familiar 
Heard of 
but need 

more info 

Familiar 
but not 
feasible 

Familiar 
but not 
viable 

In process 
of 

evaluating 

Other  

Increased your snowmaking capacity (n=2) 0, 0.0% 0, 0.0% 0, 0.0% 1, 50.0% 0, 0.0% 1, 50.0% 
Improved your snowmaking capacity (n=1) 0, 0.0% 0, 0.0% 0, 0.0% 0, 0.0% 0, 0.0% 1, 100.0% 
Conducted landscaping/slope redev. (n=13) 0, 0.0% 2, 15.4% 1, 7.7% 0, 0.0% 3, 23.1% 7, 53.8% 
Developed runs on higher terrain (n=15) 0, 0.0% 0, 0.0% 7, 46.7% 3, 20.0% 0, 0.0% 5, 33.3% 
Used snow blankets (n=16) 7, 43.7% 1, 6.3% 2, 12.5% 5, 31.2% 0, 0.0% 1, 6.3% 
Installed snow/wind fencing (n=12) 1, 8.3% 0, 0.0% 5, 41.7% 3, 25.0% 0, 0.0% 3, 25.0% 
Purchased weather derivatives (n=15) 2, 13.3% 2, 13.3% 0, 0.0% 7, 46.8% 2, 13.3% 2, 13.3% 
Paid to purchase site-specific weather forecast (n=9) 1, 11.1% 1, 11.1% 0, 0.0% 5, 55.6% 2, 22.2% 0, 0.0% 
Installed a weather station at your area (n=6) 0, 0.0% 0, 0.0% 0, 0.0% 2, 33.3% 1, 16.7% 3, 50.0% 
Added new/more winter activities (n=8) 0, 0.0% 0, 0.0% 3, 37.5% 2, 25.0% 2, 25.0% 1, 12.5% 
Added new/more spring/summer/fall activities (n=6) 0, 0.0% 0, 0.0% 1, 16.7% 1, 16.7% 3, 50.0% 1, 16.7% 
Added a new conference center (n=15) 0, 0.0% 0, 0.0% 1, 6.7% 7, 46.6% 1, 6.7% 6, 40.0% 
Added a new spa (n=14) 0, 0.0% 0, 0.0% 3, 21.5% 6, 42.8% 2, 14.3% 3, 21.4% 
Added a new indoor waterpark (n=15) 0, 0.0% 0, 0.0% 3, 20.0% 9, 60.0% 1, 6.7% 2, 13.3% 
Added a new outdoor waterpark (n=14) 0, 0.0% 0, 0.0% 4, 28.6% 7, 50.0% 2, 14.3% 1, 7.1% 
Added a new golf course (n=14) 0, 0.0% 0, 0.0% 3, 21.3% 5, 35.7% 1, 7.1% 5, 35.7% 
Invested in alternative sources of energy (n=16) 0, 0.0% 0, 0.0% 1, 6.2% 10, 62.6% 4, 25.0% 1, 6.2% 
Invested in energy conservation measures (n=3) 0, 0.0% 2, 66.7% 1, 33.3% 0, 0.0% 0, 0.0% 0, 0.0% 
Increased your advertising budget (n=9) 0, 0.0% 0, 0.0% 0, 0.0% 7, 77.8% 2, 22.2% 0, 0.0% 
Expanded your use of social media (n=0) - - - - - - 
Implemented new/special winter pricing (n=0) - - - - - - 
Partnered with surrounding tourism suppliers (n=8) 0, 0.0% 1, 12.5% 2, 25.0% 2, 25.0% 2, 25.0% 1, 12.5% 

 
 
 
 



* Full wording of answer options: 
 
 I am not familiar with this measure 
 I have heard of this measure but need more information about it in order to make an informed decision about its utility 
 I am familiar with this measure but it is not appropriate or feasible at our area (e.g., due to technical or structural 

limitations) 
 I am familiar with this measure but it is not financially viable at our area 
 We have not yet implemented this measure but are currently in the process of evaluating its utility for our area 
 Other - please specify 
 

 



Confidence in Snowmaking 
 
How confident are you that snowmaking will enable you to adapt to climate variability or 
change at your area over the next ten years? 
 
 Number  Percent  
Not at all confident 0 0.0% 
A little confident 1 6.3% 
Somewhat confident 3 18.7% 
Very confident 10 62.5% 
Extremely confident 2 12.5% 
Total  16 100.0% 
 
 
If “Not at all confident” or “A little confident,” please explain why you are not confident that 
snowmaking will enable you to cope with climate variability or change at your area (n = 1) 
 
 Still need to have freezing temps to make snow early. 

 
If “Very confident” or “Extremely confident,” please explain why you are confident that 
snowmaking will enable you to cope with climate variability or change at your area (n = 
10). 
 
 Our snow guns can make snow at a warmer temperature than before. 
 Our area is situated in a locale that even through any past climate changes, still gives us 

adequate periods of good snowmaking temps. 
 Snowmaking technology is ever changing allowing us to make snow at warmer temperatures. 
 Size of the snowmaking system and number of guns can be increased. Automation technologies 

can increase efficiencies. We should be able to stay ahead of warming trends during the next ten 
years. 

 Our ability to make snow hinges on prolonged 28 degree and less coupled with lower humidity 
(60% and less). Climate change, in my opinion, is longer term than merely the next 10-20 years. 
I don't see temps changing that dramatically where snow fall, let alone snowmaking, would be 
decreased to the detriment of our winter industry. 

 While I would be more concerned if our properties were located downstate, I feel our northern 
latitude will provide us with acceptable snowmaking temperatures in the foreseeable future. 

 Winter always comes to the U.P.! 
 Even with smaller snowmaking windows, our location and capacity will still allow profitable 

seasons. 
 I still think that it is going to get cold enough, though we may not get as much snow as in the 

past. 
 While nothing will replace the effect natural snowfall has on the skier mindset, snowmaking has 

enabled us to remain in business and skiers/snowboarders are becoming more confident that 
areas can maintain better than satisfactory conditions to support the sport without natural 
snowfall. 

 
 



Importance of Climate Change Research 
 
How important would you consider additional information and research regarding climate 
change and its potential implications for the winter sports industry? 
 
 Number  Percent  
Not at all important 1 6.3% 
A little important 1 6.3% 
Somewhat important 5 31.2% 
Very important 9 56.2% 
Extremely important 0 0.0% 
Total  16 100.0% 
 

 
 

Utility of Climate Change Information  
 
As a ski area operator, how useful would the following kinds of information be to you 
regarding climate change and its potential implications for the winter sports industry in 
your area? (n=15) 
 
Projected 
changes in … 

Not At All 
(1) 

A Little 
(2) 

Somewhat 
(3) 

Very  
(4) 

Extremely 
(5) 

Mean  
(out of 5) 

occurrence of 
conditions 
necessary for 
snowmaking  

0 
 0.0% 

0 
 0.0% 

2 
 13.3%  

6 
 40.0% 

7 
 46.7% 

4.33 

average 
maximum winter 
temperatures 

0 
 0.0% 

0 
 0.0% 

4 
 26.7% 

9 
 60.0% 

2 
 13.3% 

3.87 

timing of natural 
snowfall  

0 
 0.0% 

1 
 6.7% 

3 
 20.0% 

9 
 60.0% 

2 
 13.3% 

3.80 

average 
minimum winter 
temperatures  

0 
 0.0% 

0 
 0.0% 

5 
 33.3% 

8 
 53.4%  

2 
 13.3% 

3.80 

amount of natural 
snowfall  

0 
 0.0% 

1 
 6.7% 

4 
 26.7% 

8 
 53.4% 

2 
 13.3% 

3.73 

season length 2 
 13.3% 

1 
 6.7% 

2 
 13.3% 

6 
 40.0% 

4 
26.7% 

3.60 

occurrence of 
severe storm 
events  

0 
 0.0% 

1 
 6.7% 

7 
 46.7% 

5 
 33.3% 

2 
 13.3% 

3.53 

average opening 
date 

2 
 13.3% 

2 
 13.3% 

2 
 13.3% 

9 
 60.0% 

0 
 0.0% 

3.20 

average closing 
date 

3 
 20.0% 

2 
 13.3% 

3 
 20.0% 

6 
 40.0% 

1 
 6.7% 

3.00 



As a ski area operator, how useful would the following kinds of information be to you 
regarding climate change and its potential implications for the winter sports industry in 
your area? (n = 15) 
 
Projected 
changes in … 

Not At All 
(1) 

A Little 
(2) 

Somewhat 
(3) 

Very  
(4) 

Extremely 
(5) 

Mean  
(out of 5) 

Studies of your 
customers' 
perceptions of and 
potential reactions 
to climate change 

0 
 0.0% 

0 
 0.0% 

4 
 33.3% 

8 
 53.4%  

3 
 13.3% 

3.93 

Projected changes 
in climatic 
conditions in major 
market areas, i.e., 
where most of your 
skiers/riders live 

0 
 0.0% 

1 
 0.0% 

3 
 13.3%  

10 
 40.0% 

1 
 46.7% 

3.73 

Objective cost-
benefit analyses of 
the various climate 
change adaptation 
strategies available 

0 
 0.0% 

2 
 0.0% 

3 
 26.7% 

9 
 60.0% 

1 
 13.3% 

3.60 

Case studies of how 
areas like yours are 
actively adapting to 
climate variability 
and change 

0 
 0.0% 

1 
 6.7% 

5 
 20.0% 

8 
 60.0% 

1 
 13.3% 

3.60 
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